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Foreword

With this book, Knee Arthroscopy, Dr. Brian McKeon, Dr. James Bono, and Dr. John
Richmond and their selected contributors have carefully amassed a compendium of chapters
well suited for the general orthopaedist as well as for the accomplished knee surgeon. Author-
ing and editing a textbook as well as contributing chapters reflect an unselfish dedication to the
education of others. The inclusion of selected case reports in the chapters adds a unique feature
that brings the reader back to the more pragmatic aspects of patient care.

The authors and editors have combined a careful and unbiased review of the literature on
each subject with a synopsis of current thinking and suggested pathways for the reader. Com-
prehensive references and illustrations complement the text and add to the clarity of the topics.

The selection of topics represents a comprehensive and complete array of almost every knee
condition from simple to complex. The reader is able to use selective components of the review
to tailor his or her treatment regiments to a vast array of clinical conditions.

This book will be a stable and enduring reference for years to come.

University of California, San Diego, California James P. Tasto, MD
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Preface

Knee Arthroscopy is intended to be a clinical text for the arthroscopic management of knee
disorders and to be used as a practical reference for all health care professionals engaged in
the treatment of the knee. Each chapter includes a discussion of relevant anatomy, indications,
step-by-step descriptions of surgical techniques, rehabilitation, complications, clinical pearls,
as well as case reports.

Knee Arthroscopy begins with a description of normal knee anatomy and traditional arthro-
scopic techniques. Separate chapters on meniscectomy, meniscal repair, and meniscal trans-
plantation follow. Ligament reconstruction – including anterior cruciate ligament, posterior
cruciate ligament, and posterolateral corner reconstruction – is described in detail. Individual
chapters address the arthroscopic management of patellofemoral disorders, cartilage repair,
arthrofibrosis and synovial lesions, knee fractures, articular cartilage injuries, and degenerative
joint disease.

We are grateful to have received the support of so many recognized master surgeons who
have contributed to the text, and we are honored to be able to present their combined experience
in the ensuing pages.

Boston, Massachusetts Brian P. McKeon
Boston, Massachusetts James V. Bono
Boston, Massachusetts John C. Richmond
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Knee Arthroscopy: Technique and Normal Anatomy

Anthony Schena and Glen Ross

Introduction

Arthroscopy of the knee is the most common orthopaedic
procedure performed in the United States [1–6]. Given the
frequency of this procedure, it is hard to fathom that knee
arthroscopy did not enter into the mainstream of orthopaedic
surgery until the 1970s. In 1969, Masaki Wantanabe and col-
leagues published the Atlas of Arthroscopy [7]. In their semi-
nal publication, they described the results of their first arthro-
scopic procedure, the removal of an intraarticular pigmented
villonodular synovitis (PVNS), and provided pictures of their
first arthroscopic meniscectomy. Jackson and Abe followed
up on the work of their Japanese peers with the publication
of their arthroscopic technique and outcomes in 1972 [8].
Arthroscopy of the knee became an accepted practice in the
1970s. Several forward-thinking orthopaedists contributed to
the early evolution of knee arthroscopy, developing the tech-
niques and tools that are still used today [9–12]. Over the past
40 years, knee arthroscopy has evolved from a rudimentary
diagnostic tool to a state-of-the-art system of fiber optics and
precision equipment. Knee arthroscopy has become a stan-
dard part of orthopaedics. It is the foundation for procedures
ranging from the simple meniscectomy, to the multiligamen-
tous knee injury, to cartilage restoration. First, the techniques
of knee arthroscopy and the anatomy of the knee will be
examined.

Anatomy

External Anatomy

Most knees have palpable bony prominences that can be used
to determine the topography of the knee (Fig. 1). The patella,

A. Schena (�)
Department of Orthopaedics, New England Baptist Hospital, Boston,
Massachusetts

Fig. 1 Anterior knee anatomy and portal placement

patella tendon, and the medial and lateral joint line are usu-
ally accessible. The medial and lateral condyles are also use-
ful for identifying and mapping out the knee

Intraarticular Anatomy

Familiarity with the basic anatomy of the knee is essen-
tial for knee arthroscopy and treatment of knee pathology.
In the patellofemoral joint, the patella should sit within the
natural groove of the trochlea. There is a prominent medial
and lateral facet. The inferior pole is generally nonarticulat-
ing. The patella should track well through the trochlea when
brought through a range of motion. There should be no evi-
dence of an overriding plica on the medial side of the normal
knee.

In the medial compartment, the “C” medial meniscus
is firmly attached to the joint capsule by the meniscotib-
ial (coronary) ligament. The mid aspect of the meniscus
is directly attached to the deepest fibers of the medial
collateral ligament. The width of the meniscus from the
capsule to the inner aspect is approximately 9–10 mm.

1B.P. McKeon et al. (eds.), Knee Arthroscopy, DOI 10.1007/978-0-387-89504-8 1,
© Springer Science+Business Media, LLC 2009



2 A. Schena and G. Ross

The average thickness of the meniscus is 3–5 mm. The
medial meniscus will bear 40% to 50% of the joint force
in extension and up to 85% to 90% of the force in flex-
ion [13]. In general, there should be less than 5 mm of
translation of the intact meniscus [14]. Vedi et al. have
demonstrated that the anterior horn of the medial menis-
cus moves 7.1 mm, the posterior horn moves 3.9 mm,
and that there is 3.6 mm of mediolateral radial devia-
tion [14]. They postulated from this that the posterior horn
of the meniscus has less excursion and is thus prone to
injury.

The medial femoral condyle has a notch anteriorly for
the meniscus to settle into when the knee in is extension.
The condyle has a curved shape to allow for medial tibial
plateau external rotation in full extension: the screw-home
mechanism.

In the intracondylar notch, the origin of the posterior
cruciate ligament (PCL) should be noted just off the carti-
laginous margin of the medial femoral condyle. The inser-
tion of the anterior cruciate ligament (ACL) rests in line
with the anterior horn of the lateral meniscus. The notch
should easily accommodate both cruciate ligaments and is
usually obscured by the ligamentum mucosum. The menis-
cofemoral ligaments, when present, should also be identified
and inspected. Seventy percent of knees will have either the
anterior (Humphrey) or posterior (Wrisberg) ligaments; 6%
will have both [15]. The ligament of Humphrey is approxi-
mately one third the diameter of the PCL. It is attached to
the posterior horn of the lateral meniscus, runs anterior to
the PCL, and inserts on the distal edge of the femoral attach-
ment of the PCL. The ligament of Wrisberg is larger, approx-
imately one half the diameter of the PCL, and runs from the
posterior horn of the lateral meniscus to the medial femoral
condyle [16, 17].

In the lateral compartment, the elongated C-shaped lateral
meniscus is firmly attached to the capsule by the coronary
ligament, except along the hiatus for the popliteus tendon.
The posterior horn of the meniscus has attachments to one or
both of the meniscofemoral ligaments when present. The lat-
eral meniscus can have up to 11 mm of excursion. The ante-
rior horn has 9.5 mm of excursion, the posterior horn 5.6 mm
of excursion, and there is 3.7 mm of radial displacement [14].
It is slightly larger than the medial meniscus, with a width of
10–12 mm and a thickness of 4–5 mm [13]. As noted on the
medial side, the lateral meniscus will bear up to 90% of the
joint forces in flexion and from 50% to 70% of the force in
extension [13, 18].

As noted in the medial compartment, there is a notch
along the lateral femoral condyle to accommodate the lat-
eral meniscus when the knee is in extension. There is also a
sulcus for the popliteus tendon. This intraarticular aspect of
the sulcus creates a gap in the attachment of the meniscus to
the tibia.

Preoperative Preparation

Most knee arthroscopies are carried out in conjunction with
another procedure. In these instances, the primary procedure,
such as an ACL reconstruction, will need to be prepared
for. All necessary x-rays, magnetic resonance imaging (MRI)
scans, and other ancillary studies should be present and dis-
played for easy access during the procedure.

Techniques

Operating Room Setup

The room is set up for maximum efficiency and ease (Figs. 2
and 3). Anesthesia is located at the head of the bed. The mon-
itor and stack setup is placed on the contralateral side of the
patient. A Mayo stand can be brought in from the contralat-
eral side once the patient is prepared and draped to provide
a resting place for shavers, probes, and biters. The surgical
scrub technician is set up at the foot of the bed, usually on the
contralateral side. Suction canisters and fluid can be set up on
the ipsilateral side of the bed. Prior to the start of the surgery,
the monitor should be on, the fluid line flushed, the suction
set up, and the power to the shaver on. The camera should
be set for the proper number of pictures, and any recording
device, such as a CD-ROM device, should be in place. Be
sure that the surgical staff has allowed proper time between
sterilization of the equipment and the start of surgery to avoid
fogging of the lens.

Anesthesia

The majority of our knee arthroscopies are performed under
general anesthesia with the use of an laryngeal mask air-
way (LMA). This allows for the maximum amount of patient
relaxation and access to the compartments. Prior to the
surgery, the patient receives 650 mg acetaminophen and, if
able, 400 mg celecoxib. Preoperative celecoxib has reduced
the need for perioperative narcotics and the incidence of
adverse opioid effects in the ambulatory knee surgery patient
[19]. Once in the operative suite, general anesthesia is
induced and the LMA is placed. The portal sites are then
preinjected with 10 mL of 1% lidocaine with epinephrine
(1:200,000). Local anesthetic injection limits the somatosen-
sory afferent signals created by the surgical incision, thus
decreasing the postoperative pain and opioid need [20]. At
this point, the patient is positioned for the surgery. There are
other reports in the literature focusing on the perioperative
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Fig. 2 Operating room setup. (Courtesy of Emily Benson, MD, Ventura County Medical Center, Ventura, CA.)

Fig. 3 Arthroscopic instruments

pain. Miskulin and Maldini reported the usefulness of local
anesthesia and intravenous diclofenac [21], and others have
reported less favorable results with use of local anesthe-
sia only [22–24]. In those patients undergoing simple knee
arthroscopy, Denti et al. reported the success of preoperative
morphine as a means of reducing the noxious stimuli created
by surgery and thus reducing the opioid need [20].

Patient Setup

Prior to surgery, the patient is seen in the preoperative hold-
ing area, and the correct extremity is identified and marked.
In the operative suite, the patient is positioned supine on the
table. After general anesthesia is induced, the portal sites

are injected with 1% lidocaine with epinephrine (1:200,000).
The patient’s well leg is placed in a padded leg holder. This
leg is wrapped in an elastic bandage to limit blood pooling in
the nonoperative limb. The operative extremity is placed in a
commercially available leg holder (Fig. 4). If a post is going
to be used for the arthroscopy, it should be set up to ensure
that it will be at the right level. A tourniquet, if desired,
should be applied prior to placing the leg in the leg holder.
To provide maximum mechanical advantage, the leg holder
should be placed as close to the knee joint as possible. How-
ever, if the surgery will involve procedures beyond a simple
meniscectomy, such as an ACL reconstruction or meniscal
repair, great care should be taken to provide enough room
for the passage of surgical instruments around all aspects of
the knee. In these instances, a hand breadth of distance is

Fig. 4 Leg holders for operative and nonoperative legs
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Fig. 5 Patient positioning

needed between the superior aspect of the patella and the leg
holder. Once the leg is in the leg holder, the bed is placed
into a reflexed position to relax the hamstrings and the lower
back, and the foot of the table is dropped (Fig. 5). The knee
is then prepared and draped. Draping involves use of an
adhesive, impervious U-drape, a standard knee arthroscopy
drape, impervious stockinet, and a Coban wrap, 3M
(St. Paul, MN)

Portals (Fig. 6)

Anterolateral Portal

The anterolateral portal is the primary viewing portal for
knee arthroscopy. With the knee flexed to 90 degrees, the
inferior pole of the patella, the lateral border of the patella,

and the lateral joint line are palpated. An incision is made
with a no. 11 blade approximately 1 cm above the joint line
and in line with the lateral border of the patella. A vertical
incision angled toward the intracondylar notch is used unless
a horizontal portal is preferred. In either case, great care is
taken to protect the meniscus and intraarticular structures.
Once the joint capsule has been incised, a blunt trochar is
advanced into the notch. The knee is then brought into exten-
sion while gently advancing the trochar into the suprapatellar
pouch. The trochar is removed, and the 30-degree camera is
placed into the knee.

Prior to establishing the anteromedial portal, a prelimi-
nary inspection can begin. The patella and trochlea are both
inspected for cartilage wear or damage. The medial and lat-
eral gutters are inspected for loose bodies and impinging
osteophytes. The medial-sided synovium is inspected for a
large, engaging plica (Figs. 7 and 8). Once this initial inspec-
tion is complete, the arthroscope is passed along the medial
femoral condyle and into the medial compartment.

Anteromedial Portal

The anteromedial portal is created with the knee at 30
degrees of flexion. The 30-degree scope needs to be rotated
to obtain an unobstructed view of the anterior aspect of the
medial meniscus and anterior capsule. The soft spot just
medial to the medial border of the patella tendon is pal-
pated. An 18-gauge spinal needle is used to find the most
appropriate spot for this portal. Medial meniscal pathology
requires a portal that will allow unencumbered access to the
posterior horn. Lateral meniscal pathology requires clearance
of the tibial spines to gain access to the lateral compart-
ment. The 18-gauge spinal needle is very helpful in establish-
ing this portal. The portal is created using the no. 11 blade

Fig. 6 Portal placement for knee arthroscopy. (Courtesy of Emily Benson, MD, Ventura County Medical Center, Ventura, CA.)
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Fig. 7 Arthroscopic view of the patellofemoral joint

Fig. 8 Medial plica

placed parallel to the tibial plateau. Once the capsule has
been penetrated, the blunt trochar can be used to establish the
portal.

With the establishment of the anteromedial and lateral
portals, diagnostic arthroscopy commences. The probe is
brought into the medial compartment. The leg is slightly
flexed (10–30 degrees), and a valgus force is placed on the
knee joint. The tibia should be externally rotated. The entire
medial meniscus is probed. If there is difficulty getting to
the posterior horn of the meniscus, the knee can be gently
brought into extension, with great care taken to avoid scuff-
ing the condyle with the camera. This usually opens up the
posterior aspect of the joint and allows for probing of the
horn and posterior meniscus. If there is difficulty assess-
ing the posterior horn of the meniscus, then a posterome-
dial portal can be established or a 70-degree camera can be
used. After thorough inspection of the posterior meniscus,
the remainder of the meniscus is inspected. Once the menis-
cus has been probed, the medial femoral condyle and tibial
plateau is inspected. The condyle is viewed as the knee is
brought through a full range of motion. Once the inspection

of the medial compartment is complete, the arthroscope is
brought into the intracondylar notch (Figs. 9 and 10).

In the notch, the ACL, PCL, meniscofemoral ligaments,
and ligamentum mucosum are identified and probed. The
morphology of the notch, its depth and width are noted, espe-
cially in the case of a ligamentous injury. The ligamentum
mucosum is noted running from the superior aspect of the
notch to the fat pad. It may be excised if it impedes thorough
evaluation of the ACL, PCL, or other intraarticular struc-
tures. Often, the arthroscope must be passed up and over
the ligamentum to establish a view of the ACL. An intra-
operative Lachman test at 30 degrees can be carried out if
ACL pathology is questioned. In cases involving an old ACL
injury or loss of extension after ACL reconstruction, the foot-
print of the ACL should be inspected for a remnant of the
ACL (Cyclops lesion). Once these structures are inspected,
the probe should be placed along the lateral side of the ACL,
and the knee should be brought into a varus position or a
figure-four position if a post is being used (Fig. 11).

In the figure-four/varus position, the lateral compartment
is inspected. A varus force of the leg just above the knee

Fig. 9 Normal medial meniscus

Fig. 10 Medial femoral condyle



6 A. Schena and G. Ross

Fig. 11 Anterior cruciate ligament

can open the lateral compartment. As on the medial side, the
probe is used to inspect and test the lateral meniscus. The lat-
eral meniscus is usually easier to inspect than is the medial
meniscus. If the anterior horn is unable to be fully inspected,
whether due to the fat pad, ligamentum mucosum, or por-
tal placement, the arthroscope can be switched to the medial
portal and directed toward the anterior horn. When inspect-
ing the posterior meniscus, the popliteal tendon should be
noted and the popliteal hiatus/sulcus probed. Remember that
the lateral meniscus may have as much as twice the excur-
sion as the medial meniscus and that the popliteal hiatus is
a normal-occurring interruption in the meniscocapsular lig-
ament. As with the medial compartment, the lateral femoral
condyle is inspected through the entire range of motion for
any chondral injury. The lateral tibial plateau is examined as
well (Figs. 12, 13, and 14).

Once the lateral compartment has been inspected, the
arthroscope is brought back into the suprapatellar pouch.
The undersurface of the patella and the trochlea can now
be probed and inspected for any cartilage injury. In those
instances of patellofemoral disease, the exact tracking of the

Fig. 12 Lateral meniscus

Fig. 13 Lateral femoral condyle

Fig. 14 Popliteus

patella may be of primary interest. At this point, the supero-
medial portal as described by Fulkerson can be made [25].

Superomedial Portal

This portal is created with the knee in extension and the cam-
era in the anterolateral portal. An area 2–3 cm proximal to the
superior pole of the patella and approximately 1 cm medial
to the midline is identified first by palpation and then with
the 18-gauge spinal needle. The skin is incised with a no. 11
blade. The portal is created under direct visualization with a
mosquito hemostat or blunt trochar. A switching stick is then
passed into the suprapatellar pouch and the sheath placed
over it. From this vantage point, the articular surfaces and
the tracking of the patella can be visualized with ease.

Having completed the examination and inspection of the
menisci, the articular surfaces, and the ligaments, one can
move to inspection of the posteromedial and posterolateral
compartments. The ability to examine these compartments
is essential for the arthroscopist, especially when there is a
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need to establish a posterior portal or retrieve a loose body. In
the ligament-intact knee, the arthroscope needs to be passed
by the ACL and PCL to gain access to the posterior com-
partments. With the scope in the anterolateral compartment
and the knee flexed to 90 degrees, a switching stick can be
passed through the medial portal between the medial femoral
condyle and the PCL. The switching stick should be eased
into position. Once in the posteromedial compartment, the
sheath for the arthroscope can be passed over the switching
stick and the arthroscope delivered into the posteromedial
compartment.

Posteromedial Portal

The posteromedial portal should be established approxi-
mately 1 cm posterior to the medial femoral condyle and
1 cm proximal to the joint line. The knee itself should be
flexed to 90 degrees, abducted, and externally rotated. Gen-
erally, the position can be palpated and then identified with
the 18-gauge spinal needle. Once the spinal needle is in the
proper position, the skin is incised with the no. 11 blade. A
mosquito hemostat or blunt trochar is then used to bluntly
create the portal. When performing a PCL reconstruction, it
is helpful to place a cannula in this portal. With the arthro-
scope coming in through the posteromedial portal, the pos-
terior horn of the medial meniscus, the posterior medial
femoral condyle, and the synovial lining of the posterome-
dial compartment may all be inspected. A probe can be
brought through the anterolateral portal, between the PCL
and condyle, to help with the inspection of this area of the
knee.

Once finished with the posteromedial compartment, the
camera is withdrawn into the intracondylar notch. At this
point, it may be possible to pass the arthroscope between the
ACL and lateral femoral condyle into the posterolateral com-
partment. The knee should be held at 90 degrees of flexion.
Often, the switching stick needs to be used to enter this com-
partment. It may be necessary to switch the scope back to
the anterolateral portal prior to entering this space and pass-
ing the switching stick from the anteromedial portal into the
posterolateral compartment. Once in the posterolateral com-
partment, a visual inspection of the posterior horn of the lat-
eral meniscus, the meniscofemoral ligaments, and synovial
folds can be carried out. With the camera facing the lateral
condyle, it may be advanced toward the popliteal hiatus. With
the knee flexed to 70 degrees and a valgus force applied, it
is possible to trace the popliteus into the hiatus and view the
femoral insertion of the tendon. Often, the space is too tight
to view the tendon it its entirety and a posterolateral portal is
needed.

Posterolateral Portal

As with the posteromedial side, the site for the posterolateral
portal can be palpated prior to its creation. The knee is held at
90 degrees of flexion. The site for the portal is approximately
1 cm posterior to the lateral femoral condyle and 1 cm proxi-
mal to the joint line. The surgeon should be aware of the loca-
tion of the biceps femoris and the common peroneal nerve
when making this portal. As with the medial side, once the
site is determined, an 18-gauge spinal needle is used to mark
the portal and the skin incision is made. The portal is created
bluntly using a mosquito or blunt trochar. As noted above,
the arthroscope can be passed along the posterior aspect of
the condyle and meniscus to the popliteal hiatus. Again, a
probe may be brought in from the anteromedial portal and
used to aid in the inspection of this compartment.

Accessory Anterior Medial and Lateral Portals

Accessory anterior portals may be needed, depending on
the pathology encountered. The accessory medial and lateral
portals are created under direct visualization. The accessory
medial portal is more medial and inferior to the standard por-
tal, whereas the accessory lateral portal is more lateral and
inferior to the standard portal. The 18-gauge spinal needle is
used to identify the proper track for the portal. It is essential
to visualize the needle as it enters the joint to ensure that the
portal will clear the menisci and articular cartilage. Once the
proper track has been identified, the skin is incised with a no.
11 blade and the portal made with the blunt trochar. If neces-
sary, a transpatellar portal can be made in similar fashion.

Once the case is finished, the knee is copiously irrigated
through the arthroscope. A mechanical shaver, if used, can
function as the outflow to remove any debris. The portal
can be closed with simple nylon sutures or Steri-Strips, 3M
(St. Paul, MN). The patient is placed in a dry, sterile com-
pression dressing, extubated by anesthesia, and brought to
the recovery room.

Rehabilitation

Rehabilitation will depend upon the pathology encountered
during the case. Specific rehabilitation protocols will be out-
lined in later chapters. For the basic knee arthroscopy, the
patient usually remains on crutches for 1–3 days. Early,
active range of motion, quadriceps sets, and ankle pumps are
all allowed immediately. Within the first week, the patient
starts with a stationary bike and low-demand activities. Phys-
ical therapy may be employed to help mobilize the fluid
around the knee and improve range of motion. In weeks 2–4,
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a return to normal, daily activities and low-impact activity
is encouraged. After week 4, the patient may increase his or
her activity, adding light jogging and other moderate-impact
activity. Return to sports will hinge on the pathology dealt
with at the time of surgery and the preparedness of the joint
for the specific sport.

Complications

Although knee arthroscopy is a relatively straightforward
procedure, it is still associated with surgical complications.
In 1988, Small presented a study composed of complications
gathered from the Arthroscopy Association of North Amer-
ica. In this study, 8,741 knee arthroscopies were reported. Of
these cases, the overall complication rate was 1.68% [5, 6].
The list of complications included postoperative hemarthro-
sis (65% of all complications), infection, deep venous throm-
bosis, complex regional pain syndrome, iatrogenic injury,
neurologic injury, and anesthesia complication [26]. Loss
of motion and instrument breakage also have been reported
[27–30]. Compartment syndrome has also been reported it
the literature [31]. As in all instances with compartment
syndrome, a high level of suspicion is necessary to make
the diagnosis. Careful monitoring of the pump pressure and
procedure time is necessary to prevent this relatively rare
complication.

In 2006, Reigstad and Grinsgaard reported the compli-
cations for simple knee arthroscopy performed from 1999
through 2001 [32]: 876 arthroscopies on 785 patients were
reviewed with 98% follow-up. The overall complication
rate was 5%. Reigstad and Grinsgaard broke down these
complications into two groups: those with therapeutic con-
sequences (0.68%) and those without. The complications
without significant therapeutic consequences consisted of
preoperative bradycardia, asthmatic events, subcutaneous
infusion of intravenous anesthetics, instrument breakage,
conversion to arthrotomy, hemarthrosis, portal bleeding, tem-
porary sensory loss, and postoperative pain. Significant com-
plications consisted of two superficial infections, one venous
thromboembolic event, and one return to surgery for scar
tissue.

Deep Venous Thrombosis

In 2005, Ilahi et al. published a meta-analysis looking at the
rate of deep venous thrombosis (DVT) after knee arthroscopy
[33]. Ilahi et al. limited this analysis to those studies that
were prospective, had no antithrombotic prophylaxis, had
performed universal screening with an ultrasound or con-
trast venous venography, and were limited to unilateral knee

arthroscopy with the exclusion of ligament or open surgery.
The conclusion of this study was that unprophylaxed patients
undergoing a routine knee arthroscopy have a 9.9% risk
for a DVT and a 2.1% risk of a proximal DVT. In 2001,
Delis et al. reported that patients were at a greater risk for
DVT if they had two or more of the following risk factors:
age > 65 years, obesity, smoking, female hormone replace-
ment, venous insufficiency, prior history of DVT [34]. Oth-
ers have published reports on the rate and the treatment of
DVT in the ambulatory knee arthroscopy patient. Hoppener
et al. performed a prospective cohort study on 335 patients
undergoing knee arthroscopy [35]. Nineteen (6%) patients
demonstrated a DVT by complete compression ultrasonogra-
phy, with two symptomatic patients. One patient developed
a nonfatal pulmonary embolism. Based on this data, Hop-
pener et al. did not recommend routine prophylaxis against
DVT for the ambulatory knee arthroscopy patient. Michot
et al. performed a similar-sized study looking at the effec-
tiveness of treating patients with prophylaxis [36]. Michot
et al. performed a prospective, single-blind study with 130
randomized patients in which the study group received low-
molecular-weight heparin given perioperatively and then for
4 weeks and the control group received no prophylaxis.
All were screened with compression ultrasonography. In the
study group, 1 of 66 (1.5%) patients developed a DVT,
whereas 10 of 64 (15.6%) patients in the control group had a
positive DVT.

Currently, the authors do not use antithrombotic therapy
for straightforward knee arthroscopy unless the patient has
risk factors that increase the rate of DVT. These patients are
evaluated individually and treated with either low-molecular-
weight heparin for 2 weeks or aspirin and T.E.D, Covidien
(Mansfield, Ma) stockings, depending on what the preopera-
tive risk factors are.

Clinical Pearls/Summary

Currently, diagnostic knee arthroscopy is generally used as
the starting point for more specialized surgery of the knee.
The authors of the chapters that follow have included many
tips and pearls that will aid in the treatment of various injuries
to the knee. It is critical to plan for each aspect of your case.
If you plan to perform other procedures beyond the diag-
nostic knee arthroscopy, be sure to set up your room and
your patient appropriately. Preoperatively, make sure that the
patient’s nonoperative side is well protected and well padded.
Be sure to place some reflex in the table to take the pres-
sure off of the patient’s low back and hip flexors. Be sure
that the tourniquet cuff and the surgical leg holder are posi-
tioned appropriately. If either of these is too distal, the sur-
geon’s ability to treat intraarticular pathology may be com-
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promised. Check to make sure that the video screen is in
the proper ocation and can be comfortably viewed from the
foot of the bed. When performing knee arthroscopy without
an assist, it is helpful to have the inflow connected to the
lateral port and the outflow connected to the medial port.
This allows the surgeon to drain the knee without crossing

his hand over the arthroscope. During the case, a step stool
under the surgeon’s foot can aide the surgeon with balanc-
ing the surgical leg. At the end of the procedure, review the
pictures obtained to be sure that you have captured the appro-
priate images before the arthroscope is taken off the field and
contaminated.

Case Report

Case 1

Chief Complaint and Patient History: A 23-year-old man presented with a 4-month history of knee swelling and loss of
motion. There was no history of trauma to the knee. His attention was drawn to his knee after having some difficulty during
his regular running routine.

Physical Exam: On examination, he was found to have fullness over the medial aspect of his knee. This fullness was
medial to the patella tendon and over the medial femoral condyle. His range of motion was intact, although he experienced
tightness when he reached terminal flexion. There was no instability. His patella tracked well but rested in a slightly
lateralized position when compared with that of the opposite knee.

Imaging: Radiographs of the knee were normal. An MRI scan was obtained, and it demonstrated what appeared to be
an intraarticular mass (Fig. 15A).

a b

Fig. 15 Case 1. (A) MRI scan of giant cell tumor anterior to the medial compartment. (B) Arthroscopic view of extraarticular mass pushing
against medial femoral condyle

Surgery/Treatment: The patient elected to proceed with a diagnostic arthroscopy and potential open excision of the
mass. Knee arthroscopy revealed normal intraarticular anatomy (Fig. 15B). There was no evidence of an intraarticular
mass or loose body. An incision was made using the medial portal, and a large, extraarticular mass was excised. Pathology
study confirmed that the mass was a giant cell tumor of the patella tendon with negative margins. The patient returned to
all activity after a short rehabilitation period.
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Partial Meniscectomy

Laurie M. Katz and Paul P. Weitzel

Introduction

In 1897, the meniscus was described by Sutton as a function-
less remnant of a leg muscle [1]. By 1936, King [2, 3] recog-
nized that the meniscus actually plays a role in joint stability,
lubrication, congruity, and chondroprotection. His early stud-
ies on canines were among the first to document degenerative
changes in postmeniscectomy knees, as well as the limited
healing potential of meniscus tears. Radiographic evidence
of the consequences of total meniscectomy was presented
by Fairbank [4] in 1948, when he described ridge formation,
joint space narrowing, and flattening of the femoral condyles
in patients who had undergone this procedure. We have since
continued to improve our understanding of the biomechani-
cal functions of the meniscus, as well as the long-term con-
sequences of its removal. Treatment of meniscus pathology
has therefore evolved to include repair when feasible or, if
not feasible, a limited partial meniscectomy.

The incidence of acute symptomatic meniscus tears has
been reported to be between 60 and 70 cases per 100,000
people [5–7]. It is therefore not surprising that arthroscopic
surgery for their treatment has become one of the most com-
mon orthopaedic surgeries performed in the United States.
In some centers, arthroscopic treatment for meniscus pathol-
ogy constitutes 10% to 20% of all surgeries [8]. As shown by
Laprade et al. [9] asymptomatic meniscus pathology also can
occur. They performed a magnetic resonance imaging (MRI)
evaluation of 54 painless knees and found a 5.6% prevalence
of meniscal tears.

The cause of meniscus tears varies by age. A meniscus
tear in the younger, athletic population is more likely due
to trauma, whereas in the older population it is more likely
due to degeneration. A cadaver study by Noble and Hamblen
[10] found the prevalence of degenerative horizontal cleav-
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age tears to be 60% in specimens with an average age of
65 years. Meniscus tears also show a male predominance,
with a male:female ratio of at least 2.5:1 [11].

Meniscus tears do not always occur in isolation. A study
by Poehling et al. [11] found that one third of patients with
an anterior cruciate ligament (ACL) injury had a meniscus
tear as well. In the subset of patients with an acute ACL tear,
the lateral meniscus is more commonly injured. This is likely
due to anterolateral rotatory translation of the tibia at the time
of injury, which puts the lateral meniscus at risk. In contrast,
medial meniscus tears are more common in patients with
chronic ACL tears. This may be attributed to the function
of the medial meniscus as a secondary restraint to anterior-
posterior translation of the tibia. Increased stress is there-
fore placed on the medial meniscus in an ACL-deficient knee
[12]. Other injuries associated with meniscus tears include
tibial plateau fractures and femoral shaft fractures [13, 14].

Anatomy

Gross Anatomy

The menisci are two semicircular, fibrocartilaginous disks
found between the femoral condyles and the tibial plateau
(Fig. 1). The medial meniscus is crescent-shaped and approx-
imately 3.5 cm in length. It can be divided into a posterior
horn, a central body, and an anterior horn [15]. The poste-
rior horn attaches to the tibia just anterior to the insertion site
of the posterior cruciate ligament (PCL). The anterior horn
can have a variable site of attachment, into either soft tissue
or bone, but a firm bony attachment to the flat intercondy-
lar region of the tibial plateau is most common (Fig. 2) [16].
The periphery of the medial meniscus is attached to the joint
capsule and deep medial collateral ligament by means of the
short coronary ligaments.

The lateral meniscus is more circular in shape, and, com-
pared with the medial meniscus, it covers a larger surface
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Fig. 1 Anatomy of the menisci as viewed from above. (From Pagnani
MJ, Warren RF, Arnoczky SP, Wickiewicz TL. Anatomy of the knee.
In Nicholas JA, Hershman E (eds.), The Lower Extremity and Spine in
Sports Medicine, 2nd ed. St. Louis: Mosby, 1995, pp. 581–614. Copy-
right © 1995 by Elsevier. Reprinted with permission.)

area of the tibial plateau. The anterior horn inserts on the
tibia in front of the intercondylar eminence, just posterior
and lateral to the ACL insertion. The posterior horn attaches
to the tibia in between the insertion sites of the PCL and the
posterior horn of the medial meniscus (Fig. 2). In some indi-
viduals, fibers from the posterior horn of the lateral meniscus
extend to insert on the lateral aspect of the medial femoral
condyle in the intercondylar notch. The fibers that pass ante-
rior to the PCL are referred to as the ligament of Humphrey,
whereas those that pass posterior to the PCL are referred to
as the ligament of Wrisberg.

Studies using polarized light and electron microscopy, as
well as x-ray diffraction, have detailed the ultrastructure of
the menisci. The majority of the collagen fibers are arranged
circumferentially. This allows the creation of hoop stresses
in an effort to resist compressive loads. Midsubstance and
some surface fibers are arranged in a radial fashion, act-
ing as tie fibers to resist longitudinal splitting. Several of
these radial fibers assume a woven pattern near the sur-
face of the meniscus, which may help distribute sheer stress
[17, 18].

The discoid lateral meniscus is a variant that warrants
discussion. The true incidence of this variant is unknown,
although it is cited to be approximately 4% to 5%, with a
higher incidence in Asian populations [19, 20]. The discoid
lateral meniscus has been classified by Watanabe et al. [21],
who described three types based on arthroscopic appear-

Fig. 2 Meniscus horn insertion sites as viewed from above. ACL,
anterior cruciate ligament; AL, anterior horn lateral meniscus; AM,
anterior horn medial meniscus; PCL, posterior cruciate ligament; PL,
posterior horn lateral meniscus; PM, posterior horn medial menis-
cus. (From Johnson DL, Swenson TM, Livesay GA, Aizawa H, Fu
FH, Harner CD. Insertion site anatomy of the human menisci: gross,
arthroscopic and topographical anatomy as a basis for meniscal trans-
plantation. Arthroscopy 1995;11:386–394. Copyright © 1995 by the
Arthroscopy Association of America. Reprinted with permission from
Elsevier.)

ance. Discoid lateral menisci with stable tibial attachments
are classified as complete (type I) or incomplete (type II).
Type I discoid lateral menisci cover the entire lateral tibial
plateau, whereas type II covers more than a normal menis-
cus but not the entire lateral plateau. Type III, the Wrisberg
type, lacks posterior capsular attachments with the exception
of the meniscofemoral ligament of Wrisberg.

Vascular Anatomy

The blood supply to the meniscus originates from the supe-
rior and inferior branches of the medial and lateral genic-
ular arteries. These vessels form a perimeniscal capillary
plexus within the synovial and capsular tissues of the knee
joint. This plexus supplies the peripheral 10% to 30% of
the medial meniscus and 10% to 25% of the lateral menis-
cus. The remainder of the meniscus, as well as the area
of the popliteal hiatus of the lateral meniscus, is avascular
[22].

The vascular anatomy of the meniscus is a key factor in
its ability to heal tears, as it determines the availability of
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inflammatory mediators and cellular elements [22]. The vas-
cular periphery of the meniscus is referred to as the red-red
zone. Tears in this area have a high likelihood of healing
due to the abundant blood supply. The avascular part of the
meniscus is referred to as the white-white zone. Tears in this
area have a much lower probability of healing, due to a lack
of blood supply. Tears that occur between these two areas are
said to occur in the red-white zone. The outcome of tears that
occur in the red-white zone is less predictable [23].

Neuroanatomy

Neuroanatomy studies of the human meniscus have shown
that the anterior and posterior horns are richly innervated,
whereas only the peripheral one third to two thirds of the
body is innervated [24–27]. This neural distribution, which
is similar to that of the blood supply, has led to the descrip-
tion of a vasomotor function. But this nerve distribution is not
exclusively perivascular, indicating other roles for the nerve
endings, including proprioception and sensory feedback [24,
25]. Both immunohistologic and clinical studies have con-
firmed this theory, including a study by Dye et al. [28],
where neurosensory mapping of the knee was performed.
Upon probing, the central rim of the meniscus gave a non-
painful awareness, whereas the more peripheral tissue, cap-
sular margin, and anterior and posterior horns caused a slight
to moderate discomfort. Additional studies are needed to fur-
ther describe the proprioceptive and sensory feedback roles
of the menisci.

Biomechanics

The menisci serve many important biomechanical functions
for the knee joint. They contribute to load transmission, joint
stability, and proprioception. They also serve to decrease
contact stresses and increase contact area and congruity of
the knee. With ambulation, the forces across the knee joint
average between three and six times body weight. The actual
amount of force that is transmitted through the menisci varies
based on the degree of knee flexion. Ahmed and Burke [29]
showed that at full extension, 50% of the forces across the
knee are borne by the menisci. At 90 degrees of flexion, this
figure increases to 85%.

The biomechanical changes across the knee joint when
meniscal pathology is present have been investigated and
reported in the literature. Radin et al. [30] found that a lon-
gitudinal tear in the red-white zone resulted in no increase
in the magnitude of stress across the joint. Partial medial
meniscectomy resulted in a modest increase, and total medial

meniscectomy resulted in a three- to fivefold increase. The
distribution area of the stress was adequately maintained
until the entire meniscus was removed. In 1986, Baratz et al.
[31] showed a minimal change in contact area and an approx-
imately 16% increase in contact stresses when a peripheral
meniscus tear was present.

Quantitative results after partial and total medial menis-
cectomy have also been reported. Partial medial meniscec-
tomy decreases contact area by 10% to 20% and increases
contact stresses by 40% to 70%. Complete meniscectomy
decreases contact area by 40% to 75% and increases con-
tact stresses by 136% to 236% [29, 31–33]. In addition,
the shock-absorbing capacity of the knee has been found to
decrease by 20% after total meniscectomy [34]. In general,
the biomechanical changes are less severe when a partial
meniscectomy is performed compared with those of a total
meniscectomy [29, 32, 33, 35]. At a minimum, the rim of the
meniscus should be preserved to allow maintenance of hoop
stresses [36, 37].

The abnormally high stresses seen after a meniscectomy
eventually translate into clinical changes. Fairbank [38] was
the first to describe the radiographic changes seen after
meniscectomy. These changes were confirmed by Roos et al.
[39] in a follow-up study of 107 post–total meniscectomy
patients using age-matched controls. The relative risk for
advanced radiographic degenerative changes in the patients
who had undergone a total meniscectomy was significant.
Radiographic changes also have been noted after partial
meniscectomy but are less severe compared with those of
total or subtotal meniscectomy [40, 41]. Cartilage changes
after meniscectomy have been quantified as well. Cicuttini
et al. [42] reported a 6.9% per year increase in cartilage loss
in patients who underwent partial meniscectomy compared
with that in control knees.

Tear Anatomy

Meniscal tears are most commonly classified according to
tear pattern (Fig. 3). Tears can be described as vertical lon-
gitudinal, oblique, complex, radial, or horizontal [43, 44].
Metcalf [43] reported his experience with meniscal tears and
found that 80% of tears are either vertical longitudinal, or
oblique. The medial meniscus was involved in 69% of cases,
the lateral meniscus in 24%, and both menisci in 7%. The
most common location for tears was in the posterior one half
of the meniscus. There was an increased frequency of degen-
erative tears with advancing age.

Metcalf and Greis and colleagues [43–45] have further
described the characteristics of different tear patterns. Ver-
tical longitudinal tears, which most commonly occur in
younger patients, are usually seen in the posterior horn.
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Fig. 3 Classification of meniscal tears. (From Ciccotti MG, Shields
CL Jr, El Attrache NS. Meniscectomy. In Fu FH (ed.), Knee Surgery.
Baltimore: Williams & Wilkins, 1994, pp. 591–613. Reprinted with per-
mission of Wolters Kluwer.)

If the tear propagates into the anterior horn, it creates a
bucket-handle tear. Unstable bucket-handle tears frequently
cause mechanical symptoms. If the central portion of a
bucket-handle tear displaces into the joint, a locked knee may
result. Vertical longitudinal tears are associated with ACL
injuries. They are also more common in the medial menis-
cus, likely due to its sturdy attachments to the tibial plateau,
capsule, and deep medial collateral ligament [44].

Oblique tears are sometimes referred to as flap or parrot-
beak tears. They are most commonly found at the junction
of the posterior and middle third of the meniscus and cause
mechanical symptoms when the torn edge catches between
the femur and tibia [44]. Complex tears are associated with
older patients and are commonly found in knees with degen-
erative changes. They occur mainly in the posterior horn and
midportion of the body. The complex free fragments can lead
to mechanical symptoms [45].

Radial tears are commonly located at the junction of the
posterior and middle thirds of the medial meniscus, in the
middle third of the medial meniscus, or near the posterior
attachment of the lateral meniscus. If these tears propagate
through the periphery of the meniscus, they cause a loss of
hoop stresses and therefore a loss of the ability for meniscal
load transmission [44]. Radial tears of the lateral meniscus
are common in acute ACL injuries [12].

Horizontal cleavage tears begin near the inner edge of
the meniscus and propagate in a horizontal plane toward the
periphery. Their incidence increases with age, and they are
associated with meniscal cysts [44].

Indications

History

When evaluating a patient with a suspected meniscus tear,
begin with a thorough history. Important information to
obtain includes the mechanism of injury, symptoms, and
exacerbating factors. Up to 95% of patients will recall a spe-
cific injury [46, 47]. One particular exception to this is in
the degenerative knee, where symptoms may be insidious
in onset. The mechanism of injury resulting in a meniscus
tear is often a twisting injury, with the knee flexed and the
foot planted. Alternatively, a hyperflexion episode may be
recalled [45].

Symptoms include pain, swelling, loss of motion, and
mechanical symptoms such as catching or clicking. With an
isolated meniscus tear, swelling may be delayed a few days,
in contrast with tears that occur in the setting of an ACL
injury, where swelling is usually immediate [48]. Patients
who have sustained a displaced bucket-handle tear may com-
plain of locking, with an inability to extend their knees [47].

Physical Exam

Examination of the knee should begin with an inspection of
the injured side compared with the uninjured side. Look for
evidence of an effusion and quadriceps atrophy. Next, eval-
uate the range of motion of the knee to determine if there is
a mechanical block to flexion or extension. Palpation of the
medial and lateral joint lines can assess for tenderness as well
as swelling associated with a meniscal cyst. A ligament exam
should be performed to evaluate the integrity of the collateral
and cruciate ligaments. Finally, specialized tests designed to
elicit symptoms of a torn meniscus may be performed. Aside
from joint-line palpation, described maneuvers include the
squat test [48], the McMurray test, the Apley grinding test,
and others. Joint-line tenderness appears to be the best clini-
cal indicator of a meniscal tear, with sensitivity reported to be
as high as 75% to 92% [49–53]. Sensitivity decreases when
an acute ACL tear is present [54].

Diagnostic Studies

Plain radiographs should be obtained, consisting of a pos-
teroanterior 45-degree flexion weight-bearing view of both
knees [55], a lateral view, and a sunrise view. These allow
evaluation of the joint spaces as well as the bony struc-
ture. MRI is also valuable in the workup of a meniscus tear.
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Accuracy of MRI in the diagnosis of a meniscus tear is
reported in the literature as being between 68% and 100%
[56, 57].

Surgical Decision Making

Treatment for a meniscus tear is undertaken in patients whose
symptoms interfere with their activities of daily living, abil-
ity to participate in athletics, or ability to work. In the active
individual with an acute injury, mechanical symptoms, and
no evidence of degenerative changes, operative intervention
is recommended. Older individuals with a mildly degenera-
tive knee who can recall an acute event associated with the
onset of symptoms and have focal pain as well as mechanical
symptoms are also candidates for early surgical intervention.

Nonoperative treatment, including activity modification
and physical therapy, is an option that should at least be dis-
cussed with patients with meniscal tears. An initial course of
nonoperative treatment is usually recommended for an older
individual with an insidious onset of symptoms in a degen-
erative knee without mechanical symptoms. We have found
that this patient population has a significant likelihood of
improvement with quadriceps strengthening exercises so as
to make nonoperative treatment a worthwhile recommenda-
tion [58].

Surgery

Once a meniscus tear is confirmed at arthroscopy, the
appropriate treatment must be determined. A meniscus tear
may be treated by meniscectomy, repair, synovial abra-
sion/trephination, or observation. Overly aggressive removal
of meniscus tissue can have deleterious effects on the knee.
Therefore, it is beneficial to preserve as much meniscus as
possible.

When evaluating a meniscus tear, meniscal stability
should be determined. Tears are considered stable if they are
partial thickness, less than 1 cm in length, or if the central
portion of a vertical longitudinal tear cannot be displaced
more than 3 mm from the intact peripheral rim [59, 60]. Sta-
ble tears may respond to conservative treatment as well as to
abrasion or trephination, and these options should be consid-
ered [45]. The ability to repair the tear must also be evalu-
ated. Tears are generally believed to be irreparable if they are
complete tears with an oblique, radial, horizontal cleavage, or
complex degenerative pattern, or if they occur in the white-
white zone of the meniscus [60]. These irreparable tears are
the ones suited for partial meniscectomy. Of note: The indi-
cations for meniscus repair are occasionally extended to the

white-white zone in patients undergoing concomitant ACL
reconstruction or in young patients with the use of an exoge-
nous fibrin clot to enhance healing capability [61, 62].

Occasionally, a meniscus tear is noted incidentally during
arthroscopy. There are instances where these tears may be
left untreated. Radin et al. [30] suggested that nondisplaced,
nonpainful tears of the meniscus should not be an indica-
tion for meniscectomy, as retention of a torn meniscus did
not have a deleterious effect on the magnitude or distribu-
tion of the stresses in the knee. In addition, Weiss et al. [59]
found that 17 of 26 stable vertical longitudinal tears in the
peripheral portion of the meniscus had healed at a second-
look arthroscopy. It was recommended that these tears be
left alone unless they are the only abnormality found and
can explain the patient’s symptoms. Shelbourne et al. [63]
also have noted that lateral meniscus tears that are entirely
posterior to the popliteus hiatus are not usually symptomatic.
It was recommended that these tears be treated in situ with
abrasion and trephination. In contrast, an incidental tear that
is clearly unstable should be treated with either repair or par-
tial meniscectomy as indicated. This can occur in a patient
whose exam may have been limited due to a ligamentous
injury.

Technique

Knee arthroscopy with partial meniscectomy can be per-
formed under general or regional anesthesia or alternatively
using local anesthesia combined with monitored anesthesia
care (MAC). Perioperative antibiotics are administered, con-
sisting of cefazolin or, in the case of a documented penicillin
or cephalosporin allergy, clindamycin or vancomycin. Once
the patient is anesthetized, the knee is injected with 30 to
60 mL of 1% lidocaine with epinephrine 1:100,000. This is
believed to assist with both postoperative pain control and
hemostasis during the procedure.

The patient is placed supine on the operating room table.
A tourniquet is applied to the thigh, although we generally do
not inflate unless excessive bleeding is encountered. A thigh
holder or lateral post is used to allow for controlled varus and
valgus stress. The patient may be positioned so that the leg
can be draped off the side of the bed if using a lateral post or
the end of the bed can be lowered when using a thigh holder.

With the knee flexed to approximately 70 degrees, the lat-
eral portal is made first. We use a vertical incision for this
portal. This orientation allows the portal to be close to the
patellar tendon without placing the fibers at risk during the
incision. When the medial portal is created, a horizontal inci-
sion is used to minimize the risk of injury to the infrapatel-
lar branch of the saphenous nerve and the medial meniscus.
If the suspected tear is in the medial meniscus, making the
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Fig. 4 Spinal needle to place low medial portal to facilitate medial
meniscectomy

medial incision lower and more medial can improve access
to the tear (Fig. 4). Access to lateral meniscal tears is facili-
tated by making the medial incision higher and closer to the
patellar tendon. This position helps to maneuver instruments
over the tibial eminence.

While viewing both the medial and lateral compartments,
the menisci should be thoroughly evaluated for evidence of
a tear. An angled probe is used to examine the entire under-
surface and oversurface of both menisci to avoid missing a
flipped fragment. Evaluate the stability of the rim by gently
attempting to displace the meniscus into the notch with the
use of the probe.

Once a tear is identified and determined to be irreparable,
a partial meniscectomy is performed. Metcalf [43] described
basic principles to adhere to when performing this procedure:

1. Remove all mobile fragments.
2. Do not leave sudden changes in rim contour.
3. Do not try to obtain a perfectly smooth rim as some

remodeling may occur [64].
4. Use the probe often to reevaluate the tear.
5. Protect the meniscus-capsular junction to avoid the loss

of hoop stresses.
6. Use both manual and motorized instruments to maximize

efficiency.
7. When uncertain if an area should be resected, err on the

side of leaving more meniscus intact rather than compro-
mising biomechanical properties.

In addition to these general principles, there are tech-
niques that can be used to address the specific tear config-
urations. A vertical longitudinal tear that is limited to the
posterior portion of the meniscus can be resected in a piece-
meal fashion. Resection of the meniscus tissue that is cen-
tral to the tear is initiated with a manual cutting instrument.
These instruments come in a variety of designs – including

up, down, left, and right cutters – to accommodate different
angles. A motorized shaver is then used to resect any remain-
ing frayed edges. The area that has been resected should
be contoured to the remaining meniscus to avoid any sharp
edges.

When the vertical longitudinal tear propagates into the
anterior horn, a bucket-handle tear is created (Fig. 5). A dis-
placed bucket-handle tear should first be reduced to improve
visualization. The anterior horn attachment of the torn menis-
cus is then partially transected using a manual cutter until it
is connected by a wisp of tissue. This wisp of tissue pre-
vents the torn fragment from flipping into the posterior com-
partment during resection of the posterior horn. During this
step, an accessory portal may be used to place tension on
the anterior horn. Next, the posterior horn attachment of the
torn meniscus is resected. Attention is then turned back to the
anterior horn. The remaining fibers can either be transected
with a manual cutter or be detached by grasping the torn frag-
ment and twisting it until the fibers separate. The fragment is
then pulled out of the joint through the portal, and a motor-
ized shaver is used to contour the resected edges.

Oblique tears result in torn fragments that require resec-
tion. The torn fragments are removed with either a manual
cutter or a motorized shaver. The resection is complete when
there are no sudden changes in the contour of the meniscus.
Oblique tears may result in a large flap that can flip under-
neath the meniscus and easily be missed. Be suspicious of
this type of tear if the inner edge of the meniscus looks blunt
rather than having the usual tapered appearance (Fig. 6). A
probe can be used to bring this flap into view (Fig. 7), and
the resection should proceed as described.

Complex tears often involve multiple tissue planes and
should be thoroughly probed to define their extent [65].
When these tears occur in a younger individual, careful con-
sideration should be given to their capacity for repair, as
resection often removes a large amount of tissue. When

Fig. 5 Bucket-handle tear flipped into notch.
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Fig. 6 An oblique tear with a blunted inner edge suggesting a flap tear
that is flipped underneath.

Fig. 7 The flap tear brought out from under the meniscus using an
angled probe. This illustrates the extent of the tear that may be hidden
when first viewed.

deemed irreparable or when occurring in the degenerative
knee, complex tears should be treated with partial meniscec-
tomy. A manual cutter can be used to remove any large frag-
ments, and a motorized shaver can be used for contouring.
A motorized shaver works well for these tears because the
tissue is often friable. Be cautious to leave the rim intact to
preserve meniscal function.

Radial tears are treated by resecting the corner edges with
a manual cutter. The edges should be resected back to the
depth of the tear. A motorized shaver is then used to contour
the resected area so that a smooth transition remains.

The horizontal tear involves two leaves of tissue created
by a cleavage plane. When the cleavage plane is shallow, both
leaves may be resected back to a stable edge. When the cleav-
age plane extends deep toward the capsule, the two leaves
should be evaluated to determine which one appears more
stable. The more stable leaf should be preserved, and the less
stable leaf should be resected. If both leaves are unstable,

both should be resected back toward the rim to prevent the
persistence of symptoms.

An asymptomatic discoid meniscus that is an incidental
finding should be left alone. When the discoid meniscus has a
symptomatic tear or is unstable, partial meniscectomy should
be performed [66]. These resections are challenging because
of the increased thickness and size of the meniscus [67].
Ikeuchi [67] described his technique for treating tears of the
discoid meniscus. For L-shaped tears or flap tears, a grasper
was used through an accessory far-lateral portal to tension the
flap anteriorly. A cutting instrument was then used to resect
the torn fragment. Bucket-handle tears of the discoid menis-
cus are resected using a technique similar to that described
above for this tear pattern. For unstable discoid menisci with-
out a tear, the goal of treatment is to resect the central portion
until the remaining rim is the width of a normal meniscus.
This can be performed in a piecemeal fashion or in one piece
with an arthroscopic knife [65].

Outcome Studies

Functional outcomes after partial versus total meniscectomy
have been evaluated [41, 68–71]. Hede et al. [70], in a
prospective randomized comparison, described the long-term
outcome of patients undergoing partial versus total menis-
cectomy. Knee function was found to be inversely related to
the extent of tissue resection. This correlation has been sup-
ported by Englund et al. [71] and Northmore-Ball et al. [69].

Several studies have looked specifically at the short-term
and long-term clinical and functional outcomes after partial
meniscectomy [58, 72–86]. Osti et al. [76] showed an 85%
excellent or good result and 98% return to full sports activ-
ities in 41 athletes with partial lateral meniscectomies at a
3-year average follow-up. Schimmer et al. [80] reported an
excellent or good result in 91.7% of patients at an average
of 4 years after partial meniscectomy; 77% returned to their
baseline sports activities. Unfortunately, at a 12-year follow-
up, only 78.1% maintained excellent or good results. Sim-
ilarly, Jaureguito et al. [77] noted 92% excellent or good
results 5 months to 2 years after partial lateral meniscec-
tomy, with 85% of patients returning to their baseline level
of activity. By 8 years, only 62% maintained excellent or
good functional results, and only 48% were able to continue
at their baseline level of activity. Long-term studies [74, 75,
77–86] have shown excellent or good results in 58% to 96%
of patients at an average follow-up of 7–14.7 years. Over-
all, studies confirm that partial meniscectomy is beneficial
to patients, with some deterioration in functional outcome
noted over time.

The presence or absence of preexisting degenerative
changes is a factor to consider when evaluating a patient for
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a partial meniscectomy. Several authors have demonstrated
an inferior functional outcome in patients who had preexist-
ing degenerative changes at the time of partial meniscectomy
[78, 80, 81]. Schimmer et al. [80] reported that the factor with
the highest impact on long-term results was damage to the
articular cartilage. At a 12-year follow-up, 94.8% of patients
with a history of an isolated meniscal tear and no articular
damage at the time of surgery rated their results as excellent
or good compared with only 62% of patients with articular
damage present. It should be noted, though, that at the ini-
tial 4-year follow-up, 90% of the patients with articular dam-
age described excellent to good results. Barrett et al. [81],
Matsusue and Thomson [78], and Bonamo et al. [73] also
reported less favorable results in patients with grade III or
IV articular changes yet believed that the increased satisfac-
tion rate and the ability for some patients to resume athletic
activities warranted the procedure in this population. This
is in contrast with the findings of Herrlin et al. [58], who
found no difference in outcome in degenerative meniscus
tears treated with arthroscopy and rehabilitation versus reha-
bilitation alone. It is the authors’ opinion that partial menis-
cectomy is indicated in a knee with degenerative changes
when the patient has had an acute onset of symptoms, has
focal pain, and has mechanical symptoms that are consistent
with meniscal pathology.

Inferior results have been documented after lateral menis-
cectomy compared with those after medial meniscectomy
[87–89]. McNicholas et al. [87] conducted a 30-year
prospective, longitudinal review of 95 adolescents who
underwent a total meniscectomy. After medial meniscec-
tomy, 80% of the patients had good or excellent results long-
term, whereas only 47% of the patients had similar results
after lateral total meniscectomy. Lateral meniscectomy may
also to lead to an increased risk of radiographic degeneration
[88, 89]. These correlations may be explained by the find-
ing that the lateral meniscus carries a higher percentage of
the load transmitted through its compartment than does the
medial meniscus [90].

The consequences of meniscectomy may be exacerbated
in patients with ACL insufficiency [46, 79, 91–93]. Burks
et al. [79] showed that, after 14.7 years, patients who under-
went partial meniscectomy in an ACL-deficient knee had
significantly worse satisfaction scores and advanced radio-
graphic changes compared with those of patients who under-
went a partial meniscectomy with an intact ACL. Sherman
et al. [92] looked at ACL-deficient knees with and with-
out meniscectomy. Inferior radiographic scores were seen
in the group that underwent meniscectomy. A combina-
tion of increased contact stresses from the meniscectomy
and increased instability from the ligament injury has been
offered as an explanation of these findings [91].

Factors such as age [46, 73, 74, 79, 82, 83, 88, 94, 95],
gender [46, 73, 74, 79, 82, 83, 88, 94–96], and weight [73,

85] have also been evaluated in patients who have undergone
meniscectomy. Unfortunately, there have been conflicting
findings in the literature regarding the association of these
factors with outcome measures.

Rehabilitation

Patients are allowed to bear weight as tolerated immediately
after partial meniscectomy. Crutches are usually required for
2–5 days, until the patient is able to fully weight-bear without
discomfort. Patients are instructed on performing quadriceps
strengthening and range of motion exercises without restric-
tions. The majority of patients are able to perform these exer-
cises on their own and do not require formal physical therapy.
Patients are allowed to return to full athletic activities when
their quadriceps muscle tone returns and they have full pain-
less range of motion. This varies but usually averages 4 to
6 weeks postoperatively and slightly longer in the setting of
degenerative changes.

Complications

Complications related to arthroscopic partial meniscectomy
can be broken down into those related to knee arthroscopy
in general and those specifically associated with partial
meniscectomy. Small [97] reported on the complications of
21 experienced arthroscopists over a 19-month period. The
complication rates for arthroscopic partial medial and lateral
meniscectomies were 1.78% and 1.48%, respectively.

Aside from the general complications of knee arthroscopy,
which are covered elsewhere in this text, partial meniscec-
tomy can be complicated by instrument failure, knee liga-
ment injury, neurovascular injury, iatrogenic damage to artic-
ular cartilage [65], and persistent pain [45]. In a review by
the Arthroscopy Association of North America [98], instru-
ment failure represented 18% of all arthroscopic complica-
tions. Small, in his later study, found instrument failure to
represent only 2.9% of all arthroscopic complications [97].
This decreased incidence of failure may be due to enhanced
design and quality control, as well as to an improvement in
surgeon skill [99].

Knee ligament injury during partial meniscectomy usu-
ally involves the medial collateral ligament [97]. This infre-
quent injury may occur when excessive valgus force is
placed on the knee in an attempt to gain better access to
the medial compartment. Neurovascular injury, also an infre-
quent complication, can occur from penetration of the poste-
rior capsule with sharp instruments [98]. Iatrogenic damage
to articular cartilage may take place during forceful insertion
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of instruments, which can gouge the articular surface. Lever-
ing on the articular cartilage to access a difficult area of the
meniscus also may lead to injury.

Persistent pain after partial meniscectomy may occur
because of incomplete resection of the tear or from coexis-
tent knee pathology. When resecting a tear, in an attempt to
preserve the maximal amount of menisci, it is possible that
torn remnants may be left behind. This complication can be
avoided if the surgeon observes the previously noted princi-
ples described by Metcalf to ensure proper treatment of the
tear. Pain due to coexistent knee pathology is often associ-
ated with degenerative changes. Patients with degenerative
changes of the knee who undergo partial meniscectomy have
inferior results to those of patients who do not have degen-
erative changes [78, 80, 81]. They also may continue to have
mechanical symptoms from an unstable articular cartilage
lesion rather than from the meniscus tear [45]. Having the
patient focus on quadriceps strengthening can reduce his or
her symptoms.

Clinical Pearls

1. Once anesthesia is induced, inject the knee with 1% lido-
caine with epinephrine 1:100,000. This will provide pre-
operative analgesia as well as help with hemostasis during
the procedure. This practice has eliminated the authors’
use of a tourniquet during isolated partial meniscectomy
and therefore avoids the risk of denervation and decreased
functional capacity [100]. A tourniquet should still be in
place should unexpected bleeding be encountered.

2. For easier excursion of instruments, change the location
of the medial portal based on the expected pathology. For

medial meniscal tears, make the medial portal lower and
more medial. For lateral meniscal tears, make the medial
portal higher and closer to the patellar tendon.

3. For resection of a bucket-handle or discoid meniscus, con-
sider using an accessory portal to provide traction on the
fragment while it is excised.

4. Always probe along the entire superior and inferior sur-
faces of the meniscus to ensure that there are no missed
vertical longitudinal tears or oblique flap tears that have
flipped underneath.

5. If there is difficulty viewing or resecting a section of
the meniscus, consider switching the camera and working
portal to obtain a different angle. This is especially help-
ful for tears of the anterior horn and body of the medial
meniscus. Using the instrumentation from the lateral
portal allows more efficient access to contouring these
tears.

Summary

Meniscus tears can result in pain as well as mechanical
symptoms. Through a careful history and physical exam, an
accurate diagnosis can be obtained. When the diagnosis is
less clear, supplemental diagnostic tests, such as MRI, are
available. Surgical intervention is warranted for symptomatic
tears that are either not responsive or not conducive to con-
servative treatment. Partial meniscectomy is the treatment of
choice when repair is not feasible. Given the biomechanical
consequences of removing meniscus tissue, the goal should
be to obtain a stable rim, resecting only the necessary frag-
ments.

Case Reports

Case 1

Chief Complaint and Patient History: A 43-year-old man was playing tennis and developed acute knee pain and
decreased range of motion.

Physical Exam: On examination, medial joint-line pain, stable ligament exam, and medial joint-line tenderness were
noted. Range of motion was 15 degrees (extension) to 90 degrees (flexion).

Imaging: Radiographs: negative. MRI scan showed buckle-handle medial meniscal tear.
Surgery/Treatment: At arthroscopy, a nonreparable medial meniscal tear was noted (Fig. 8A). Anterior horn was

released nearly completely, posterior horn was released, anterior horn was completed, and fragment was removed
(Fig. 8B–D).

Discussion: To avoid the bucket-handle fragment flipping into the posterior recess, the anterior horn is not released until
after the posterior horn is released. Leaving the anterior horn attached by a small amount allows tension on the meniscus
while releasing the posterior horn.
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a b

c d

Fig. 8 Case 1. (A) Unstable nonreparable bucket-handle tear. (B) Anterior horn resected leaving a wisp of tissue to maintain tension for
posterior resection and to avoid fragment from flipping into posterior knee. (C) Anterior horn resection completed after posterior horn released.
(D) Removing bucket-handle tear.

Case 2

Chief Complaint and Patient History: A 54-year-old woman who teaches spin and yoga twists her knee and experiences
knee pain. She has intermittent locking and pain.

Physical Exam: On examination, medial joint-line tenderness, stable ligament exam, and pain and popping with McMur-
ray testing are noted. Range of motion was 0 degrees (extension) to 120 degrees (flexion).

Imaging: Radiographs show mild degenerative changes. MRI scan shows medial meniscal tear.
Surgery/Treatment: At arthroscopy, a medial meniscal tear was noted with flipped fragment (Fig. 9A, B). Medial

meniscectomy is performed.

a b

Fig. 9 Case 2. (A) Rolled meniscal fragment with smooth edge. (B) Fragment reduced from underneath to reveal large tear.

Discussion: Flipped fragments at first glance can appear like normal anatomy. A rolled meniscal edge indicates abnormal
anatomy. Always probe the inferior and superior surfaces of the meniscus in both compartments and after meniscectomy
to ensure no missed fragment.
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Meniscus Repair and Future Directions

Michael J. Angel, Jordan Kerker, and Nicholas Sgaglione

Introduction

Meniscal tear pathology is one of the most common
orthopaedic diagnoses in the United States, with knee
arthroscopy being the most common orthopaedic procedure
performed by orthopaedic surgeons. Approximately 800,000
meniscectomies and 100,000 meniscal repairs are performed
each year [1]. Whereas many patients seek treatment for
a torn meniscus and large subsets of those patients may
undergo some form of meniscectomy, the prediction of which
patient will go on to develop postmeniscectomy osteoarthri-
tis remains unclear.

It has been argued that restoration of the meniscus by
performing repair instead of meniscectomy can restore joint
biomechanics and theoretically reduce the progression of
chondrosis and arthrosis. In 1975, Walker and Erkman found
that with loads of up to 150 kg, the lateral meniscus transfers
most of the weight in that compartment, while the medial
meniscus shares approximately 50% of the load with the
articulating surfaces of the tibiofemoral joint [2]. Whereas
partial meniscectomy and total meniscectomy both have been
shown to increase the contact stresses exerted on the artic-
ular cartilage, resulting in its degeneration and ultimately
in osteoarthritis, a partial meniscectomy has been shown
to improve prognosis and decrease chondral wear com-
pared with total meniscectomy [3]. After partial meniscec-
tomy, femoral-tibial contact areas decrease by approximately
10%, with peak local contact stresses (PLCSs) increasing
by approximately 65%. After total meniscectomy, contact
areas decrease approximately 75%, and PLCS increases
approximately 235% [3]. PLCSs and contact areas have been
reported as the same when meniscus repair is performed,
indicating that preservation of the joint by repairing the
meniscus may reduce the risk of developing osteoarthritis.

M.J. Angel (�)
Orthopaedic Sports Fellow, Kerlan Jobe Orthopaedic Clinic,
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Clinical evaluation of meniscal pathology begins with the
history, including the location of pain, recent trauma, prior
injuries/surgery, as well as symptoms of recurrent effusions,
antalgia, or instability (which may indicate associated liga-
mentous pathology). Specific mechanical symptoms such as
locking, catching, or loss of motion should be noted. Menis-
cus tears can be described as traumatic or degenerative. An
acute traumatic tear will typically present in a young patient
(average age of 25 years) who reports a recent injury to
the knee resulting in immediate pain and typically swelling.
A commonly described injury pattern results from compres-
sion and rotation as the knee is brought from a flexed to
an extended position. A chronic tear is typically seen in
older patients (average age of 50 years) who deny any recent
trauma but report an insidious increase in pain over time.
Factors such as patient age, functional demands, activity
level, occupation, goals, expectations, and other associated
medical problems should be considered and will help deter-
mine nonsurgical versus surgical treatment and resection ver-
sus repair.

Meniscus tear evaluation and physical examination begins
with inspection to determine whether the patient has an effu-
sion of the knee or muscular atrophy, and observations of
the gait may define antalgia. Localized swelling may indi-
cate the presence of a meniscal cyst, which occurs due to
degenerative horizontal tears, found more commonly on the
lateral side. These patients often have focal point tender-
ness over the joint line. A knee with a “locked” or limited
range of motion often indicates a displaced bucket-handle
tear. Pain on axial compression-rotation testing may be asso-
ciated with a meniscus tear. Some of the most commonly
used tests include the McMurray test, the Apley compression
test, the Childress test, and the Steinman test. The McMurray
test is performed with the patient supine and the hip and
knee flexed, while applying a valgus force and externally
rotating the tibia while extending the knee. An audible or
palpable pop or snap indicates a medial meniscal tear. The
lateral meniscus may be assessed with a varus and internally
rotating force. The Apley compression test is peformed with
the patient in the prone position and the knee flexed to 90
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degrees. While maintaining an axial force, internal and exter-
nal rotation of the tibia is performed; pain indicates a likely
meniscus tear. The Childress test has the patient peform a
“duckwalk” maneuver. Pain or limitation of motion is asso-
ciated with meniscal pathology. The Steinman test is per-
formed first with the patient supine and the knee and hip
flexed to 90 degrees. The examiner applies a quick and force-
ful compression of the knee with internal and external rota-
tion. Pain in the lateral compartment with internal rotation
indicates a meniscus tear, as does pain in the medial com-
partment with external rotation.

A complete physical exam of the knee should be per-
formed, including evaluation for associated pathology such
as chondral defects and ligamentous pathology. An assess-
ment of cruciate ligament pathology includes a history of
hearing a “pop” at the time of injury with acute swelling,
a positive Lachman test, and anterior/posterior drawer or
pivot shift. Combined ligament pathology with a posterolat-
eral corner injury would be evident by asymmetry on the
dial external rotation test. Collateral ligament injuries may
be assessed by palpation over the anatomic origins and inser-
tions and with abnormal widening with varus/valgus stresses
at 30 degrees and at full extension.

Anatomy

The knee menisci are crescent-shaped in the transaxial plane
and triangular in cross section. The medial meniscus is
C-shaped and covers approximately 64% of the tibial plateau.
Its width varies more compared with that of the lateral menis-
cus from anterior to posterior, with an average of 10 mm
(Fig. 1). The lateral meniscus is more circular in shape, and
it covers approximately 84% of the tibial plateau. It has an
average width of 12–13 mm and is more constant in size
between the anterior and posterior horns.

The medial meniscus and lateral meniscus are fibrocar-
tilaginous structures made up of water (70% to 75%) and

Fig. 1 Shape of the medial and lateral meniscus

collagen (20% to 25%), with the remainder consisting of
fibrochondrocytes, glycosaminoglycans, and other adhesion
molecules. Ninety percent of the collagen is type I, with the
remainder being types II, III, V, and VI. On an ultrastruc-
tural level, the surface collagen fibers are arranged in a cir-
cumferential pattern in the peripheral one-third, whereas the
inner two-thirds consist of radially directed tie fibers. The
deep fibers in transition are randomly oriented. The circum-
ferential fibers resist compressive forces, whereas the radi-
ally directed fibers resist tensile forces (Fig. 2).

The menisci function to deepen the articular surface of
the tibial plateau, providing shock absorption, and compen-
sate for gross incongruity between the articulating surfaces,
acting as joint stabilizers. They enhance joint lubrication
and synovial fluid diffusion, providing nutrition for articular
cartilage [4]. The vascular supply originates from the peri-
meniscal capillary plexus supplied by the medial and lateral
inferior and superior geniculate arteries. The plexus pene-
trates the meniscus peripherally and its abundance decreases
as it crosses centrally. The vascular anatomic distribution
gives rise to the clinical labeling of the red-red, red-white,
and white-white zones [5] (Fig. 3). In addition, vascular
distribution has been shown to decrease with age [6]. At

Fig. 2 Ultrastructure of the meniscus: A, radially directed fibers;
B, circumferential fibers; C, randomly oriented fibers. (From Shahri-
aree H. O’Connor’s Textbook of Arthroscopic Surgery. Copyright ©
Lippincott Williams & Wilkins, Philadelphia, 1984. Reprinted with
permission.)
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Fig. 3 Vascular penetration of the meniscus. (From Arnoczky SP, War-
ren RF. Microvasculature of the human meniscus. Am J Sports Med
1982;10:90–95. Copyright © 1982 American Orthopaedic Society for
Sports Medicine. Reprinted with permission of SAGE Publications,
Inc.)

birth, the entire meniscus is vascularized, whereas only one
third remains vascularized in the second decade of life. This
decreases to one quarter by the fifth decade [6]. The menisci
have been shown to contain free nerve endings and corpuscu-
lar mechanoreceptors potentially contributing to nociceptive
and proprioceptive function in the knee [4].

Pathology

Meniscal tears may be classified according to anatomic zone
vascularity, as discussed above, or by tear pattern. Tear pat-
terns are described as horizontal, radial, longitudinal, bucket-
handle, oblique, or complex [7] (Fig. 4).

Preoperative radiographic evaluation includes plain radio-
graphs and also may include magnetic resonance imag-
ing. Plain radiographs should be taken to evaluate for bony
pathology, full-length standing mechanical axis alignment,
evidence of arthritis, chondrocalcinosis, or findings con-
sistent with associated acute or chronic injuries such as
osteochondritis dissecans lesion, osteochondral fracture, or
ligamentous injuries. Four views are optimally obtained: a
45-degree posteroanterior flexion weight-bearing view, a true
lateral view, a notch view, and a patella skyline view. Radio-
graphs help better define the extent of pathology, particularly
in the case in which osteoarthritis correlates with the pres-
ence of a meniscus tear.

Magnetic resonance imaging (MRI) using specific
sequencing (spin-echo T1-weighted, spin-echo fat-saturated
T2-weighted, proton density, and T2-weighted fast low-angle
shot images) may not be necessary to diagnose a meniscus
tear; however, it is more useful as a confirmatory test and
is valuable in the evaluation of associated injuries and con-

Fig. 4 Meniscus tear patterns. (From Douglas J, Sgaglione NA. Menis-
cal injuries. In Schepsis A, Busconi B (eds.), Orthopaedic Surgery
Essentials: Sports Medicine. Copyright © Lippincott Williams &
Wilkins, Philadelphia, 2006. Reprinted with permission.)

comitant pathology when a meniscus tear is suspected. The
sensitivity of MRI for meniscus tears is reported to be as high
as 96%, with a specificity of 97% [8]. The MRI classification
typically used for meniscus tears is

Grade 1: Small focal area of increased signal, not extending
to the joint surface.

Grade 2: Linear area of increased signal, not extending to the
joint surface.

Grade 3: Linear area of increased signal, extending to the
joint surface [9].

The use of MRI may accurately identify a bucket-handle
meniscus tear. On a sagittal T1-weighted MRI scan of the
knee through the intercondylar notch, a fragment of torn
meniscus that appears as a low-signal-intensity, longitudi-
nally oriented band lying beneath and parallel to the posterior
cruciate ligament (PCL) creates a double cruciate configura-
tion. This is referred to as the double PCL sign (Fig. 5).

Indications and Techniques

Nonoperative Treatment

Clinical assessment of meniscus tears includes nonopera-
tive and operative treatment options. Nonoperative treatment
includes physical therapy, bracing, rest, activity modifica-
tion, analgesics, and inflammation reduction measures such
as icing, nonsteroidal antiinflammatory medications, and,
occasionally, corticosteroid injections. Nonoperative treat-
ment is usually instituted and followed for approximately 6
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Fig. 5 Double PCL sign on T1 sagittal MRI indicating a bucket-handle
meniscus tear (arrow refers to a fragment of torn meniscus, arrow-head
refers to posterior cruciate ligament(PCL))

weeks, and typically patients return to full activities within
3 months. If the patient does not improve, then surgery must
be considered. The orthopaedist may indicate a patient for
surgery more promptly when they exhibit recurrent effusions
(consistent with hypertrophic synovitis) or painful mechani-
cal symptoms, including locking and catching, which are less
likely to resolve nonoperatively or may indicate a repairable
bucket-handle tear.

Surgical Treatment

The indications for meniscus repair have been expanding as
a better understanding of pathophysiology, repair-site heal-
ing, and biomechanical behavior and performance of various
repair techniques and devices is developed. Most commonly,
surgical treatment is indicated for continued pain and symp-
toms refractory to nonoperative treatment. More acute indi-
cations include (1) persistent mechanical symptoms of the
knee joint; or (2) a younger, more active patient with a his-
tory and exam highly suspicious for an acute and possibly
repairable meniscus tear.

The goal of arthroscopic surgery for meniscal tears is to
provide pain relief through tear resection or repair while pre-
serving as much of the meniscus as possible. The decision to
resect versus repair is dependent upon the stability of the tear.
An unstable tear will be easily mobilized, displaces at least
7 mm, and has the “ability to roll” (Fig. 6). This should be
addressed surgically, whereas a stable tear may often be left

Fig. 6 Unstable meniscus with the “ability to roll.”

Table 1 Tear patterns and their potential to be repaired

Tear pattern Repair potential

Horizontal tears Irreparable
Longitudinal tears Repairable
Radial (transverse) tears Potentially repairable
Bucket-handle tears Repairable
Oblique (flap or parrot beak) tears Irreparable
Complex (degenerative) tears Irreparable

untouched. Decision making in meniscus repair is based on
the tear pattern, location, stability, chronicity, and associated
pathology, in addition to a patient’s age, activity level, com-
pliance, goals, and expectations (Table 1). Clinical assess-
ment and judgment are essential: vertical longitudinal tears
located in the red-red and red-white vascularized zones of
the meniscal periphery are anatomically optimal for repair,
whereas asymptomatic tears that are not clinically correla-
tive, particularly in patients over the age of 60 years, with
associated articular cartilage degenerative arthritis are clearly
not repaired.

Surgical Technique

The patient is placed supine on the operating room table, and
the lower extremity is stabilized using either a leg holder or a
lateral post. The knee joint and portals may be injected under
sterile conditions with local anesthesia prior to formal prepa-
ration and draping of the patient. The joint is distended with
approximately 30 mL of 0.5% Marcaine/1% (Bupi vacaine
Hcl, AstraZeneca, London, UK) lidocaine with epinephrine
mixture, and the planned portal sites are similarly injected
with 5–10 mL of the same mixture. A tourniquet may be
applied on the upper thigh and may be used as needed.
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Fig. 7 Standard and accessory arthroscopic portal sites

The standard portal sites are used whether a repair or
meniscectomy is planned. They may include an outflow por-
tal in the superomedial or lateral positions and inferolat-
eral and inferomedial portals for the arthroscope and “work-
ing” instruments. Accessory portals may be used but are not
typically created until determined necessary intraoperatively.
They include the superolateral, posteromedial, posterolateral,
midpatella, and central portals (Fig. 7).

A precise evaluation of the tear must be performed prior
to repair. If the tear is deemed irrepairable, a partial menis-
cectomy is performed. Resection is performed with meniscal
baskets or biters and motorized shavers. All efforts should
be made to preserve as much meniscus as possible. Mobile,
unstable meniscus fragments should be resected, leaving a
smooth contoured transition. The meniscosynovial junction
is preserved because of the importance of circumferential
collagen fibers that contribute to “hoop stress” dissipation.

If meniscus repair is carried out, “preparation” of the
meniscus tear must be performed with stimulation of the
tear edges and meniscal periphery to increase vascularity to
the repair site. Rasping is performed with an arthroscopic

shaver or proprietary low-profile meniscal rasp. If trephi-
nation is performed, a long, 18-gauge needle may be used
either percutaneously or through an arthroscopic portal. Care
should be taken to trephinate the peripheral meniscal tissue
in a manner that is perpendicular to the circumferential fibers
(to avoid inducing punctures that may act as stress risers).
Trephination is performed until blood flow is achieved. This
may best be appreciated with the arthroscopic flow turned
off.

Meniscus repair may be performed open, arthroscopically
assisted, or all arthroscopically. The open meniscus repair is
rarely performed since the development of arthroscopic tech-
niques. The specific techniques include inside-out, outside-
in, and all arthroscopic, as well as hybridized methods.
Determining which method to use takes into account the
tear pattern, location, surgeon experience, and preference
(Table 2).

Inside-Out Technique

Inside-out meniscus repair is best performed on tears of the
posterior horn, middle third, peripheral capsule, or on bucket-
handle type tears. This is an arthroscopically assisted proce-
dure performed by passing sutures through needle cannulas
inserted through the portals, exiting via a strategically placed
posterolateral or posteromedial accessory incision (Fig. 8
A–C). The incision is made prior to the passage of the sutures
to safely capture the suture needles as they exit the knee cap-
sule. In this manner, the neurovascular structures are pro-
tected.

The knee should be positioned dependent upon the com-
partment in which the repair is being performed. For pas-
sage of a needle through the medial compartment, the knee
will be placed in 20–30 degrees of flexion to avoid teth-

Table 2 Repair techniques and their general indications

Repair technique Indications

Outside-in technique Anterior horn tears
Middle-third tears
Radial tears

Inside-out technique Posterior horn tears
Middle-third tears
Bucket-handle tears
Peripheral capsular tears
Meniscal allograft

All-arthroscopic fixation technique (first-generation devices) Posterior horn tears
Vertical, longitudinal tears
Tears with >2- to 3-mm rim width

All-arthroscopic suture fixation technique (second-generation devices) Posterior horn tears
Middle-third tears
Bucket-handle tears
Radial tears
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Fig. 8 (A, B, C) Inside-out meniscus repair. (From Noyes FR,
Barber-Westin SD, Rankin M. Meniscal transplantation in symptomatic
patients less than fifty years old. J Bone Joint Surg Am 2005;87(Suppl

1, Pt 2):149–165. Reprinted with permission from The Journal of Bone
and Joint Surgery, Inc.)

ering the capsule, and the lateral compartment is posi-
tioned in 90 degrees of flexion to allow the peroneal
nerve, popliteus, and lateral inferior geniculate artery to fall
posteriorly.

For repair of a medial meniscus tear, a 4- to 6-cm pos-
teromedial incision is made just posterior to the medial col-
lateral ligament, extending approximately one third above
and two thirds below the joint line. Dissection is contin-
ued anterior to the sartorius and semimembranosus muscu-
lature. The saphenous nerve remains protected just posterior
to the sartorius muscle. Flexion of the knee joint also helps
prevent the saphenous nerve from moving anteriorly. The
deep dissection is carried to the medial head of the gas-
trocnemius, where the interval between the gastrocnemius
(retracted posteriorly) and posteromedial capsule may be
developed.

In lateral meniscus repair, a 4- to 6-cm incision is made
just posterior to the lateral collateral ligament, extending one
third above and two thirds below the joint line. The super-
ficial dissection is carried between the posterior aspect of
the iliotibial band (retracted anteriorly) and anterior to the
biceps tendon complex (retracted posteriorly). The deep dis-
section is carried anterior to the lateral head of the gastroc-
nemius, retracting it posteriorly to protect the peroneal nerve
and expose the posterolateral capsule.

Upon exposure of the capsule from either the medial or
lateral side, a popliteal retractor is placed against the capsule
to visualize and deflect the exiting suture needles. A single-
lumen or double-lumen cannula is passed through the con-
tralateral arthroscopic portals to the site of the tear. Long,
flexible, single-loaded or double-loaded 2-0 or 0 nonab-
sorbable suture needles are then passed through the cannula,
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piercing the meniscus above and below the tear site and cre-
ating verticle mattress sutures. The needles are captured one
at a time by an assistant who is retracting on the capsule. Care
is taken not to pull either suture all the way through until both
needles are passed. This will prevent the needles from shred-
ding the sutures. The sutures are then tensioned and tied to
the capsule while viewing the repair arthroscopically. Ver-
tical mattress sutures should be placed every 4–5 mm until
stability of the tear is satisfactory.

Outside-In Technique

The outside-in technique is best performed on tears of the
anterior and middle-third of the meniscus as well as on
radial-type tears. It is performed by passing multiple, long,
18-gauge spinal needles percutaneously from outside of the
knee to inside the knee joint, then shuttling sutures through
the needles to be retrieved and tied to the meniscus sur-
face (Fig. 9A, B). Proprietary curved needles with wire-loop
retrievers (or looped 3-0 suture) may be used to facilitate the
outside-in method. The needle should enter the joint through
the periphery to achieve vertical or horizontal mattress suture
configuration. The needles should be spaced approximately
3–5 mm apart with the use of an absorbable monofilament
suture. After tensioning of the mattress suture, a 3- to 5-mm
skin incision is made near the suture strands and blunt dis-

section carried down to the capsule with a hemostat. A probe
may be used to retrieve the sutures and tie them down to the
capsule under direct visualization, taking care to avoid incar-
ceration of any neurovascular structures.

All-Inside Fixator Technique

The all-inside fixator devices are considered the first-
generation all-arthroscopic meniscus repair devices. Menis-
cal repair fixators are commonly based on a reverse-barbed
design (e.g., Meniscus Arrow and Biostinger, ConMed Lin-
vatec, Largo, FL; Dart, Arthrex, Naples, FL) and are com-
posed of various bioabsorbable copolymers such as poly-L-
lactic acid and poly-D-lactic acid (Fig. 10).

Fixators are best used in vertical tears in the red-white
zone of the posterior horn. After identification of the tear site,
an accurate measurement of the size of the meniscus is per-
formed with an arthroscopic measuring device. The fixators
must be delivered and inserted perpendicular to the tear and
parallel to the tibial surface. If they are inserted obliquely,
the fixation construct strength may be compromised, result-
ing in loosening or migration of the device [10]. The fixators
should be placed at approximately 3- to 5-mm intervals, and
care must be taken to implant the fixator so that it is seated
flush or countersunk to the meniscus surface while spanning
the tear equally on both sides to appropriately compress the
tear (Fig. 11A, B).

a b

Fig. 9 (A, B) Outside-in meniscus repair. (From Sgaglione NA. Meniscus repair: update on new techniques. Techniques in Knee Surgery
2002;1(2):113–127. Reprinted with permission of Lippincott Williams & Wilkins.)



32 M.J. Angel et al.

Fig. 10 Meniscal fixator devices (first-generation fixators). (From
Sgaglione NA. Meniscus repair: update on new techniques. Techniques
in Knee Surgery, 2002;1(2):113–127. Reprinted with permission of Lip-
pincott Williams & Wilkins and of ConMed Linvatec, Largo, FL.)

a
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Fig. 11 (A, B) Meniscal fixator device placed in appropriate position.
(From Sgaglione NA. Meniscus repair: update on new techniques. Tech-
niques in Knee Surgery 2002;1(2):113–127. Reprinted with permission
of Lippincott Williams & Wilkins.)

Recently, multiple studies have been published that crit-
icize the use of these devices, citing high failure rates and
complications. Kurzweil et al. reported a failure of menis-
cus healing of 28%, with significant complications such
as implant loosening and breakage, chondral damage, and
significant postoperative joint-line pain [11]. In addition,
Gifstad et al. reported a reoperation rate of 41% with use
of the Biofix Arrow (Bionx Implants Ltd, Tampere, Finland)
[12]. Other reports also have been published regarding fail-
ures. Lee and Diduch reported a significant deterioration in
success rate from 90% at 2 years to 70% at 6 years [13].
Most recently, Seibold et al. reported a high failure rate after
following 113 repairs an average of 6 years postoperatively
[14]. They found a failure in 28% of patients, who had to
undergo revision and meniscectomy. Approximately 80% of
failures occurred in the first 3 years, suggesting failure of the
implants.

All-Inside Suture Fixation Technique

The second-generation all-inside meniscus repair also is per-
formed without making an accessory incision; it incorporates
all-arthroscopic techniques and hybrid bioabsorbable fixa-
tor/anchor and suture constructs. These devices are based on
the arthroscopic delivery of extended resorptive or nonab-
sorbable braided polyester sutures across the tear site using
pretied, sliding knot configurations that allow for cinch-
ing of the interposed and interconnected sutures between
two anchoring implants. There are currently two proprietary
designs available (e.g., FasT-Fix, Smith & Nephew, Andover,
MA; Meniscal Viper, Arthrex, Naples, FL) (Fig. 12A, B).

The FasT-Fix delivery surgical technique begins with
preparation of the tear site. This may be performed with
use of meniscal shavers or rasps. The passage of a fixa-
tor device through the contralateral working portal requires
some preparation before reducing and repairing the tear. The
portal may need to be enlarged either by extending the por-
tal incision or with use of a large blunt dilator. The surgeon
may then choose a straight or curved needle delivery system.
Use of a curved fixator device will improve the potential of
obtaining a vertical mattress suture configuration compared
with that for use of a straight needle. Needle sheaths and
nondisposable metallic portal skids also may be used to facil-
itate arthroscopic entrance and delivery of the suture fixators.
The instrument is then inserted from the contralateral work-
ing portal through a disposable split-sheath (provided with
the instrumentation) that prevents the delivery system from
getting caught on loose tissue.

After the device has been placed in the appropriate con-
tralateral compartment, the sheath is removed, exposing the
needle-delivery system. At this point, the tear is reduced with
use of the suture-fixator. An outside-in traction suture that
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Fig. 12 Second-generation meniscal suture devices: (A) Meniscal
Viper (reprinted with permission of Arthrex, Naples, FL); (B) Menis-
cal FasT-Fix (reprinted with permission of Smith & Nephew, Andover,
MA).

functions as a provisional reducing stitch also may be used
to hold the reduction until the sutures can be placed. This is
especially useful in displaced bucket-handle tears.

When introducing the fixator through the meniscus, hold
the instrument “like a dart” (Fig. 13). This provides tactile
feedback, control, and reduces the risk of bending the nee-
dle. The repair is initiated from the center and continued to
the periphery. This avoids gapping, ruffling, and “dog-ears.”
When inserting the suture through the meniscus, the opti-
mal placement is perpendicular to the tear and parallel to
the tibial plateau. The first anchor should be placed in the
superior and posterior position of the tear. Both femoral and
tibial surface side sutures should be placed to optimize the
suture repair strength (double vertical mattress suture) [10].
The placement of the anchor is complete when it has pen-
etrated the meniscus periphery and rests in the meniscosyn-
ovial junction. If the anchor has not deployed after placement
of the first anchor, it is likely the device has not been placed
deep enough. After placement of the first anchor, the FasT-
Fix device is withdrawn to the meniscus edge while main-
taining the device in full view. The second anchor is prepared
in the instrument by advancing the trigger until the anchor is
completely in the deployed position. The second anchor is
placed inferior and anterior across the tear to create a vertical
mattress. If the second anchor does not deploy, most often
the anchor has not been advanced to the tip of the delivery
needle.

Fig. 13 Placement of the suture fixator device

After placement of the anchors, the instrument is removed
while holding tension on the pretied suture knot and suture
strand that exit the working portal. The knot pusher may
be used to slide and manually assist in cinching down the
knot. If the knot does not cinch smoothly, it usually requires
a more forceful pull, which may be facilitated by wrapping
the suture around a finger like a pulley and placing steady
traction while stabilizing the hand against the front of the
knee. However, it is important to avoid overtightening as this
may pucker the repair. Each suture should be placed approx-
imately 4–5 mm apart until the repair appears stable.

Repair Augmentation and Future Directions

Recently, there has been increased support for use of biologic
augmentation of repair methods. In cases of isolated (no con-
comitant anterior cruciate ligament reconstruction [ACLR])
meniscus repair in which concerns exist regarding healing
(e.g., avascular tears, complex tears, or bucket-handle tears
associated with a deformed tissue edge), then augmenta-
tion techniques to enhance vascularization and improve the
biological healing response should be considered. It is well
established that meniscus repair performed at the time ACLR
is performed is associated with a higher healing rate than
that of isolated repair [15]. The ability to capture an opti-
mal healing environment that may be predicated upon intro-
ducing blood (or marrow) elements into the joint from the
drilled tunnels (as well as from the protection afforded by the
immediate postoperative protection phase) should be consid-
ered as a mechanism to enhance meniscal healing. Methods
may include use of a fibrin clot or platelet-rich fibrin matrix
placed into the site of repair [16, 17].
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Various methods for preparation and insertion of a fib-
rin clot have been reported, and clinical evidence has doc-
umented increased healing rates in isolated tears and avas-
cular regions treated with fibrin clot [16, 17]. The authors’
preferred technique used in cases of isolated repair has been
to obtain 30–50 mL of blood from the patient′s intravenous
site and then sterilely transfer it to a glass container and stir
it with a sintered glass rod. After formation of the clot, the
rest of the blood is decanted off and the clot is blotted dry.
Upon completion of the repair and with the arthroscopic fluid
turned down, the clot is inserted under arthroscopic visual-
ization using a grasper within a 5-mm-diameter cannula with
its diaphragm removed and placed across the portal. The clot
is then inserted under the repair site adjacent to the tibial sur-
face of the tear. No specific sutures are used to anchor the
clot.

More recently, much attention has been given to refined
techniques that produce a more concentrated and volume-
stable fibrin matrix that is rich in trapped platelets and
associated growth factors (platelet-derived growth factor,
transforming growth factor beta, epidermal growth factor,
fibroblast growth factor, vascular endothelial growth factor,
and endothelial cell growth factor). The platelet-rich fibrin
matrix technique is performed by obtaining a smaller sample
of autologous blood intraoperatively (approximately 10 mL)
and placing it in a centrifuge for approximately 15 minutes;
then, 6 minutes after centrifugation is completed, the fibrin
matrix is retrieved and placed arthroscopically into the repair
site in a similar fashion to that of the fibrin clot insertion
method. Proprietary systems are currently available (Cascade
Autologous Platelet System; MTF, Edison, NJ) to perform
this method.

Rehabilitation

The postoperative rehabilitation program must be individu-
alized to the patient’s goals, abilities, and progression while
remaining directed toward treating the patient’s pathology.
Most commonly, the protocol is directed toward treatment
of isolated meniscus repair or repair in conjunction with an
associated ACLR. Postoperatively, the patient is immediately
placed in a brace or knee immobilizer and provided crutch
training to facilitate ambulation and transfers. The brace or
immobilizer remains until the patient exhibits adequate mus-
cle function (typically 3 to 4 weeks). When repair is per-
formed in conjunction with ACLR, partial weight-bearing
is allowed in extension initially on crutches for up to 4
weeks and then advanced as comfort allows. When an iso-
lated meniscus repair is performed, the patient also is kept
to partial weight-bearing to protect the repair. Full weight-
bearing is encouraged when antalgia and effusion subside
and quadriceps firing is adequate. Range of motion from 0

to 90 degrees is begun immediately on postoperative day
1. Progression of motion, particularly in terminal flexion, is
encouraged after 4 weeks, depending upon the repair site,
size, geometry, and strength. Rehabilitation is prescribed on
an individual basis: for example, a large bucket-handle tear
extending through to the posterior horns and considered an
“at-risk” repair is progressed more slowly over the first 2
months from the standpoint of terminal flexion, loading, and
squats beyond 90 degrees.

A functional rehabilitation protocol is followed, progress-
ing each patient depending upon comfort with range of
motion, restoration of strength, and ultimately the ability
to perform agility and functional drills. Running begins at
approximately 8–10 weeks, with cutting activities at approxi-
mately 10–12 weeks, then incorporating sport-specific drills.
Return to sports is usually at 4–6 months, when appropriate
functional goals are reached and the patient no longer has
point tenderness over the repair site.

Complications

The overall incidence of complications from arthroscopic
meniscus surgery is 0.56% to 8.2% [18]. Meniscus repair
surgery has a higher complication rate than that of menis-
cus resection, with reports as high as 18%. This is due to the
significant manipulation of the soft tissues as well as surgical
dissection in open repairs [19].

The most commonly reported complications include
infection, deep vein thrombosis (DVT), vascular injury, and
neurologic injury. The rate of infection is 0.23% to 0.42%,
with increasing incidence associated with extended operat-
ing time, extended tourniquet time, performance of multiple
concurrent procedures, and a history of prior surgeries [20].
There are also published reports of increased incidence of
infection associated with intraarticular corticosteroid injec-
tions intraoperatively [21]. Currently, however, there is no
clear consensus on use of prophylactic perioperative antibi-
otics. When an infection has been diagnosed after a repair,
it is appropriate to leave the implant/sutures in place; how-
ever, there is a higher associated failure rate. Other com-
plications include vascular injury and DVT. The incidence
of DVT ranges from 1.2% to 4.9% after arthroscopic knee
surgery [22]. The overall incidence of vascular complications
is 0.54% to 1.0%, with complications including popliteal
artery injury, pseudoaneurysm, and arteriovenous fistulae
[23]. While repairing the meniscus, the surgeon pierces the
meniscosynovial junction, which puts these structures at risk.

Neurologic complications include direct or indirect nerve
injury, including complex regional pain syndrome. The
most common complications associated with the inside-out
and outside-in techniques are traumatic neuropathy to the
saphenous or peroneal nerves. The overall incidence of this is



Meniscus Repair and Future Directions 35

reportedly 0.06% to 2.0% [24]. Medial meniscus repairs
using an inside-out or outside-in technique are more likely to
result in saphenous neuropathy or neuropraxia, with reports
of up to 43% of cases [25].

The all-arthroscopic implant fixators have been reported
to be associated with pull-out and pull-through device fail-
ure, migration and breakage, cystic hematoma, foreign body
reaction, transient soft tissue inflammation, and chondral
injury [26–29]. The issue of chondral abrasion secondary to
meniscal implant fixators is particularly worrisome and has
prompted a trend toward use of lower profile devices as well
as newer hybridized suture-based systems [11].

Results

Outcomes after meniscal repair have been reported by
DeHaven et al. with 100% retrieval of 33 cases (average age,
18.9 years; average follow-up, 10.9-years [range, 10.1–13
years]) treated with open meniscal repair. They noted a 79%
long-term survival rate [30]. Early reports of results after the
inside-out repair technique are provided by Scott et al. in 260
repairs performed in 240 patients (average age, 22 years) at
an average follow-up of almost 2 years. Concomitant anterior
cruciate ligament (ACL) reconstruction was performed in
80% of cases. The results indicated that 62% of repairs were
healed at arthroscopic second-look or at arthrogram com-
pared with 17% incompletely healed and 21% not healed.
Of note, based on clinical and subjective evaluation, 92% of
cases were stable and 80% returned to active sports [31]. In a
comprehensive review of 117 consecutive inside-out repairs
by Cannon and Vittori, 90 cases were reported: 68 repairs
with concomitant ACLR and 22 isolated repairs [15]. Over-
all rate of clinical success was 82%, with 93% of the ACL-
associated cases successful compared with 50% of the iso-
lated cases. Outside-in technique results have been published
by Rodeo, who found that in 90 patients (average age, 25
years; average follow-up, 46 months [range, 36–89 months]),
overall 87% had a successful outcome [32]. Failure was
noted in 38% of the unstable knees, 15% of the stable knees,
and 5% of the ACL-reconstructed knees. The more recently
introduced meniscal repair fixators have been reported on,
although long-term published data remain limited. Jones and
coauthors reported on a retrospective series of 38 patients
undergoing meniscal repair with the Meniscal Arrow at 29.7-
month follow-up. In 21 cases in which concomitant ACLR
was performed, no clinical failures (defined as reoperation)
were noted, and in 17 isolated repair cases, success was noted
in 93%. The authors noted, however, that there was a 31.6%
incidence of transient local soft tissue inflammation related to
device migration, length, prominence, and possible reaction
to the resorbable materials [26]. Sgaglione reported a con-

secutive series of 109 meniscal repairs performed using an
all-arthroscopic hybrid technique using the Meniscal Arrow
and the T-Fix system. The study group was followed prospec-
tively, with an average age of 28 years (range, 15–49 years)
and an average follow-up of 3.2 years (range, 2–4.4 years).
The Meniscal Arrow was used exclusively for the repair in
55% of cases, and Arrows and the T-Fix were used in 45%
of cases. An associated ACLR was performed in 72 (60%)
cases, and an isolated repair was performed in 37 (40%)
cases. All isolated repairs were treated with an autologous
fibrin clot technique. All patients received uniform postop-
erative care, with 4 weeks of bracing in extension begin-
ning with immediate range of motion 0–90 degrees, increas-
ing beyond that at 4 weeks and partial weight-bearing on
crutches for 4 weeks. No difference was noted at outcome
between the Arrow-alone group and the hybrid group. The
overall failure rate, defined as the need to return for menis-
cal surgery, was 5.5%, with the isolated repair cases noted
to have a failure rate of 10.8% (four failures), whereas in
the ACL-reconstructed cases there was a failure rate of 2.7%
(two cases) [33].

Clinical Pearls/Summary

Meniscal repair in select active individuals with repairable
meniscal tears should be performed whenever indications
are met and appropriate patient counseling regarding out-
comes is addressed. As the techniques and devices continue
to improve, the decision to select one technique or techniques
over another should ultimately be based on the sound evalu-
ation of and experience associated with a particular device
and its safety and potential efficacy. All repair methods are
associated with their own particular learning curves. Mor-
bidity and technical pitfalls will be reduced by addressing
the specific learning curve issues, instituting surgical tech-
nique pearls, and adhering to precise indications when using
a specific repair device. In general, meniscal fixators and
implants should be used for vertical, longitudinal red-white
tears that are not peripheral detachments and are associated
with at least a 2- to 3-mm rim width in order to provide opti-
mal barb-tissue contact. Newer all-arthroscopic suture-based
systems as well as inside-out or outside-in sutures may be
best used for repair of more complex tear patterns or less
vascular tears with less optimal tissue viability or with sig-
nificant deformity or deformation as seen in large displaced
bucket-handle tears. In addition, in cases of peripheral cap-
sular detachment of the meniscus or in repairing meniscal
allografts, sutures should be used. On the horizon, augmen-
tation of biologic healing through the introduction of growth
factors using autologous platelet-rich concentrates remains a
promising and evolving clinical method.
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Case Reports

Case 1

Chief Complaint and Patient History: A 27-year-old woman who is a competitive basketball player injured her knee
during a game while landing in a “funny position.” She felt immediate pain and reports hearing a “pop.” The knee swelled
up, and she currently reports difficulty ambulating because of pain and the knee giving out. She further describes an episode
of knee “locking” that resolved on its own. She reports undergoing an ACLR using bone–patellar tendon–bone autograft 2
years ago.

Physical Exam: She walks with an antalgic gait. The knee has a mild effusion and diffuse tenderness to palpation, with
maximum tenderness over the medial joint line. Her range of motion is 15–60 degrees.

Imaging: X-rays: negative. MRI scan shows a bucket-handle tear of the medial meniscus. The ACL appears intact.
Surgery/Treatment: The patient underwent a medial meniscus repair (Fig. 14A–E) using six all-arthroscopic suture

fixators placed in vertical mattress fashion. Postoperatively, the patient was made non-weight-bearing, with continuous
passive motion begun immediately. The patient healed well, advanced to strengthening and plyometrics by 10 weeks
postoperatively, and returned to sports at 6 months.

a b c
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Fig. 14 Case 1. (A) Bucket-handle meniscus tear. (B) The reduction of the meniscus is performed with an arthroscopic probe. (C) The first
arthroscopic knot is placed with an all-inside technique in the posterior aspect of the reduced meniscus tear. (D, E) The remainder of the knots
are placed by sequentially reducing the remainder of the tear

Discussion: The decision to repair the meniscus was crucial to the maintenance of the knee joint biomechanics in a
young athlete with many years of use remaining. Use of an all-arthroscopic technique was offered because of the patient’s
commitment to a stringent rehabilitation and desire to return to play in a shorter period of time. She maintained that
commitment postoperatively, healed well without complication, and returned to play at 6 months.
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Case 2

Chief Complaint and Patient History: A 42-year-old athletically active man complains of instability and associated pain.
He reports a history of undergoing an ACLR with bone–patella tendon–bone allograft 17 years ago. Approximately 3 years
ago, the patient began experiencing pain and episodic subluxation.

Physical Exam: The patient exhibits a normal gait. He has a moderate joint effusion with a range of motion of 0–125
degrees. He has tenderness to palpation on the medial joint line. The patient appears to have ACL laxity on exam, however
has an appreciable end point.

Imaging: X-rays were normal with minimal medial compartment narrowing. MRI scan reveals a medial meniscus tear
with the ACL attenuated. The hardware (screw) is intact with the femoral fixation in an anterior position.

Surgery/Treatment: Arthroscopic evaluation noted the ACL was partially torn (Fig. 15A) and attenuated. The patient
underwent a revision ACLR with a bone–patella tendon–bone allograft with a medial meniscus repair (Fig. 15B, C).
The ACL was fixed with two bioabsorbable interference screws, and the medial meniscus was repaired using three all-
arthroscopic suture fixators. The patient remained partially weight-bearing after the surgery, with immediate passive range
of motion. He was advanced to running at approximately 5 months, with return to full activities shortly thereafter.
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Fig. 15 Case 2. Meniscus repair with ACL revision. (A) Longitudinal partial tear of the ACL. (B) Radial tear of the medial meniscus. (C) All-
inside repair of the medial meniscus

Discussion: The decision to perform a revision ACLR in addition to the meniscus repair was made because of the
patient’s age, activity level, and desire to avoid joint replacement surgery. Use of all-arthroscopic meniscus repair was
chosen because the hemarthrosis created from the bone tunnel revision provided the patient the bioactive factors known
to improve healing. It was believed that, in this setting, an all-inside technique offered the patient an excellent chance of
healing in the face of ACLR.

Case 3

Chief Complaint and Patient History: The patient is a 28-year-old active man who presents with right knee pain and a
localized mass that he has had for approximately 3 years. He denies any trauma to the knee and reports increasing pain
with activities. He denies mechanical locking or symptoms of giving way.

Physical Exam: The patient is a young athletic man with a normal gait. He has full range of motion with no evidence of
effusion, crepitus, or mechanical clicking/locking. He has lateral joint-line tenderness with a 3-cm mass centered over the
joint line. There is no evidence of ligamentous pathology.

Imaging: X-rays show no evidence of arthritic changes or etiology of the mass. An MRI scan reveals a large horizontal
tear of the body of the lateral meniscus with an associated parameniscal cyst.

Surgery/Treatment: Arthroscopic evaluation noted a horizontal meniscus tear. (Fig. 16A, B) The patient underwent a
right knee arthroscopy with a partial meniscectomy of the irreparable portion with repair of the peripheral meniscus using
the all-arthroscopic suture fixators (Fig. 16C, D).
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Fig. 16 Case 3. Partial meniscectomy and repair around horizontal tear with parameniscal cyst. (A) Horizontal meniscus tear, the source of
the parameniscal cyst. (B) A partial meniscectomy is performed to debride the leaves of the tear back to a stable point. (C, D) Vertical mattress
sutures were placed using an all-inside technique to close down the periphery of the tear and prevent the cyst from reforming

Discussion: The decision to perform a meniscus repair was made intraoperatively. Upon inspection of the meniscus tear,
the patient was noted to have a large horizontal tear that extended from the white-white zone of the meniscus to the entrance
of the parameniscal cyst at the meniscosynovial junction. A partial meniscectomy was performed upon the central portion
of the meniscus as this was determined to be unstable. The peripheral aspect of the tear was repaired with two vertical
horizontal mattress sutures using the all-arthroscopic suture fixator technique. It was believed that a repair of this small
portion of the periphery was worth attempting in order to maintain the meniscus hoop stresses and obstruct the entrance to
the parameniscal cyst. Given the patient’s young age and activity level, he was willing to undergo the repair in an effort to
prevent the almost certain arthritic changes that would result with a subtotal meniscectomy.

Case 4

Chief Complaint and Patient History: The patient is a 17-year-old male soccer player who reports sustaining a twisting
injury to his knee a week ago. He reports swelling and pain at the time of injury. The day prior to his doctor’s visit, the
patient reports locking of the knee after bending down to pick something up. He is able to bear weight but has significant
pain with flexion and extension. He denies the knee giving way.

Physical Exam: The patient ambulates with a mild antalgic gait and sits with the knee in approximately 20 degrees of
flexion. He has a moderate-size effusion. The patient’s range of motion is limited to approximately 60 degrees of flexion
with resistance to full extension secondary to pain and a palpable mechanical block. He has tenderness to palpation along
the medial joint line. Apley compression is positive. Lachman test and anterior and posterior drawer tests are negative.

Imaging: X-rays are normal. MRI scan shows a bucket-handle tear of the body of the medial meniscus.
Surgery/Treatment: The patient underwent arthroscopic reduction of the meniscus tear with subsequent repair of the

meniscus. The meniscus was repaired in inside-out fashion with a medial accessory incision.
Discussion: The decision to perform an inside-out meniscus repair on this patient was chosen to give the patient the best

opportunity to heal. Given his young age, a large (4 cm) isolated bucket-handle meniscus tear must be accurately reduced
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and repaired with the strongest fixation method available. After reduction and trephination of the tear site, vertical mattress
sutures were placed through arthroscopic cannula from the anterolateral portal (Fig. 17A, B). The patient remained non-
weight-bearing for 4 weeks. Advancement of motion and strength were allowed at 6 weeks. At 3 months, the patient was
performing aerobic and sport-specific training. He returned to soccer at approximately 6 months.
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Fig. 17 Case 4. Posteromedial accessory incision and suture passage for inside-out meniscus repair. (A) Medial incision used to perform an
inside-out meniscus repair. A small speculum was used to protect the neurovascular structures as an assistant catches the needles as they pass
out of the capsule. (B) Multiple vertical mattress sutures are passed and tied down to the capsule sequentially

Case 5

Chief Complaint and Patient History: The patient is a 34-year-old man with a history of knee pain for approximately 1
month duration. He reports sustaining an injury to his knee while playing tennis. He complains of pain with ambulation
and persistent swelling of the knee. He denies any episodes of locking or giving way.

Physical Exam: The patient is an athletic man who ambulates with mild antalgia. He has a mild palpable effusion and
maintains full range of motion. He has tenderness to palpation over the lateral joint line, but no tenderness to palpation
medially. Lachman test and anterior and posterior drawer tests are negative.

Imaging: X-rays are normal. MRI scan shows no evidence of pathology in the posterior horns or body of the meniscus.
There are “signal changes” in the midanterior horn of the lateral meniscus.

Surgery/Treatment: The patient underwent a diagnostic arthroscopy after failing nonoperative treatment. Arthroscopic
exam showed a 3-cm longitudinal tear in the anterior horn of the lateral meniscus. The patient underwent repair of the tear
with hybrid fixation including an all-arthroscopic fixator and outside-in mattress suture (Fig. 18A–C).

a b c

Fig. 18 Case 5. Outside-in meniscus repair and percutaneous needle placement for outside-in meniscus repair. (A) Intraoperative photo of two
large-bore spinal needles with use of the outside-in meniscus repair technique. (B) The spinal needles as they traverse the meniscus tear. Two
sutures are then shuttled through the needles and both retrieved out of one arthroscopic portal. (C) The sutures are tied to each other, and the
knot is passed back through the portal and reduced to the meniscus tear
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Discussion: The patient was initially treated conservatively, given no definite source of his pain. Although use of MRI
has greatly increased the sensitivity and specificity of diagnosis of meniscus tears, reading of anterior horn tears continues
to be user dependent and imprecise. At times, arthroscopic examination is performed for diagnostic purposes. The patient
sustained an anterior horn tear that extended into the body of the meniscus. Given the difficulty in reducing and repairing
these tears all-arthroscopically, an outside-in repair was performed anteriorly to augment the arthroscopic fixator used in
the body of the tear. The proximity of the tear anteriorly is located far from neurovascular structures that are typically of
concern with posterior or body-type tears; therefore, it was thought safe to perform an outside-in repair with percutaneous
techniques.
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Meniscal Allograft Transplantation

David M. Junkin, Jr., Jayesh K. Patel, and Darren L. Johnson

Introduction

Not all meniscal tears are reparable, resulting in partial or
complete meniscectomy as the course of treatment. With the
incidence of meniscectomy approximately 61 per 100,000
annually [1], the treatment for the meniscectomized patient
has long been the dilemma of the treating physician, par-
ticularly in the young patient (less than 50 years old). The
association of advanced progression of arthritic changes in
the meniscectomized knee is well known. In 1948, Fair-
banks described the radiographic changes after meniscec-
tomy [2]. Numerous studies since then have correlated
the observed radiologic changes with tibiofemoral arthritis.
These changes, however, poorly predict clinical symptoms
and pain.

Baratz et al. [3] in 1986, using a human cadaver model,
studied the effects of meniscectomy on the contact areas
of the knee. With loss of the medial meniscus, an approxi-
mately 75% decrease in contact area and 235% increase in
the peak contact pressures were described. This increased
stress upon the articular cartilage is associated with biochem-
ical changes of the proteoglycan matrix and an increase in
hydration [4]. Animal models also have demonstrated macro-
scopic and microscopic changes to the articular surface after
meniscectomy [4, 5].

The surgical management of meniscal injuries has evolved
over the past few decades as the understanding of the impor-
tance of the menisci has become more apparent. The preser-
vation of the menisci has been the main goal in therapy for
meniscal injuries. On occasion, a total meniscectomy is the
only course of treatment due to an irreparable injury. The
subsequent gonarthrosis and pain leave few surgical options.
Unicondylar or total joint arthroplasty is a feasible option in
the older, low-demand population. The limited longevity of
joint replacements is not ideal in the younger, more active
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individual who may require multiple revision arthroplasties
throughout his or her lifetime. Meniscal allograft transplan-
tation is a viable option for the restoration of normal knee
mechanics and preservation of the native joint in patients
deemed too young for surgical arthroplasty, as well as for
improvements in laxity in the grossly unstable knee.

History

Milachowski et al. reported the first meniscal allograft trans-
plantation in 1984 and subsequent follow-up results in 1989
[6]. Later, Garrett and Stevenson [7] described an open tech-
nique with use of a parapatellar arthrotomy and an ipsilat-
eral collateral ligament takedown with a bony block from the
femoral origin. Early results were promising. The advance-
ment in arthroscopic techniques and technology has allowed
the development of less invasive surgery, decreasing morbid-
ity and facilitating rehabilitation. Less invasive surgical tech-
niques were described by Whipple [8] and Wirth and Kohn
[9]. Both used a 12-mm arthrotomy and bone plug fixation.
Arthroscopy has become the procedure of choice due to the
decreased morbidity of less soft tissue dissection. The surgi-
cal technique for meniscal allograft transplantation, however,
continues to be refined.

Anatomy

The menisci are C-shaped fibrocartilaginous structures. Sixty
percent to 70% of the dry weight [10] of the meniscus is type
I collagen arranged in circumferential and radial bundles.
This arrangement disperses compressive forces and resists
shear forces, respectively [11]. Water accounts for approx-
imately 70% of the menisci, and this composition provides
further resistance to compressive loads [10]. Supplied by the
superior and inferior medial and lateral genicular arteries, a
perimeniscal capillary plexus provides the peripheral 10% to
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30% of the adult meniscus with its blood supply [12, 13]. The
remaining central portion of the meniscus obtains its nutri-
ents via diffusion [14]. This avascular zone accounts for the
poor healing potential of the meniscal tissue.

The medial meniscus is oval shaped, covering approxi-
mately 30% of the medial tibial plateau, and the semicir-
cular lateral meniscus covers a larger portion of the tibial
articular surface, roughly 50% [15]. Centrally, the medial
meniscus attaches to the fibers of the deep medial collat-
eral ligament and to the tibia via the meniscotibial liga-
ment. Posterior attachment to the capsule is shared with
fibers of the semimembranous tendon, causing the posterior
horn of medial meniscus to retract with knee flexion [16].

This firm attachment about its periphery allows only an aver-
age of 5.2 mm of excursion [17], likely accounting for the
increased susceptibility to injury. The lateral meniscus has no
attachment to the fibular collateral ligament, allowing greater
mobility of up to 11 mm [18].

An understanding of the meniscal insertion sites or foot-
prints is critical for anatomic placement of the meniscal allo-
graft. A cadaveric study by Johnson et al. [18] identified the
bony and arthroscopic landmarks of the meniscal insertion
sites (Fig. 1A–D). The anterior horn of the medial menis-
cus inserts an average of 7 mm anterior to the anterior cru-
ciate ligament (ACL) in line with the tibial eminence. The
surface area of the anterior horn insertion site approximates

Fig. 1 Arthroscopic visualization and arthroscopic drill guide place-
ment for a lateral meniscus: For both the (A) anterior and (B) pos-
terior horns, the arthroscope is placed in the anterolateral portal with
the drill guide used in the anteromedial portal. Arthroscopic visual-
ization and drill guide placement for a medial meniscus: (C) For the
anterior horn, the arthroscope is placed in the anteromedial portal with
the arthroscopic drill guide used in the anterolateral portal. (D) For the

posterior horn, the arthroscope is placed in the posteromedial portal
with the arthroscopic drill guide again placed in the anterolateral por-
tal. (From Johnson DL, Swenson TM, Livesay GA, Aizawa H, Fu FH,
Harner CD. Insertion-site anatomy of the human menisci: gross, arthro-
scopic, and topographical anatomy as a basis for meniscal transplantat-
ion. Arthroscopy 1995;11(4):386–394. Copyright © 1995 Arthroscopy
Association of North America. Reprinted with permission of Elsevier.)
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Fig. 2 Axial view of a right tibial plateau, showing the meniscal
horn insertions. Note the intimate association of the lateral meniscal
horn insertions with that of the ACL and also their close proximity to
one another. (From Johnson DL, Swenson TM, Livesay GA, Aizawa
H, Fu FH, Harner CD. Insertion-site anatomy of the human menisci:
gross, arthroscopic, and topographical anatomy as a basis for meniscal
transplantation. Arthroscopy1995;11(4):386–394. Copyright © 1995
Arthroscopy Association of North America. Reprinted with permission
of Elsevier.)

61 mm2 but is difficult to visualize arthroscopically without
debridement of the patellar fat pad, as this bony insertion lies
at the junction of the medial tibial plateau and the anterior
tibia. The intermeniscal ligament attaches to the posterior
half of the anterior horn. The posterior horn insertion site is
on the downslope of the posterior intercondylar fossa, lying
directly anterior to the posterior cruciate ligament (PCL) tib-
ial insertion. The anterior horn of the lateral meniscus is lat-
erally adjacent to the ACL tibial footprint and inserts directly
anterior to the lateral tibial spine. The posterior horn attach-
ment is only 6–10 mm posterior to the anterior horn, inserting

directly posterior to the lateral tibial spine and anterior to the
insertion of the medial meniscus posterior horn (Fig. 2).

Arthroscopic localization of the meniscal insertion sites
is critical for anatomic placement of the meniscal allograft.
Landmarks for the visualization of the meniscal footprints
are summarized in Table 1. A modified notchplasty as dis-
cussed later will aid in the crucial localization of the poste-
rior meniscal insertion sites without the need for a posterior
arthroscopic portal.

Function

The primary function of the menisci is load sharing, with sec-
ondary functions in shock absorption and stability. The trian-
gular or wedge shape of the meniscus, seen on cross section,
improves knee congruency and increases contact area of the
tibiofemoral joints. A study by Seedhom [19] has shown that
the medial meniscus transmits up to 50% of the compressive
load in the medial compartment and that the lateral meniscus
transmits up to 70% of the compressive load in the lateral
compartment. The circumferential and radial collagen fibers
allow the menisci to absorb axial force as the fibers elongate
and push toward the periphery, converting the load into ten-
sile strain. As these hoop stresses are removed, the meniscus
can therefore resume its original shape [15]. Loss of menis-
cal tissue after partial or complete meniscectomy has been
reported to significantly increase peak stresses and decrease
contact area, as discussed earlier in the study by Baratz
et al. [3].

The viscoelastic properties of the menisci provide for a
secondary function of shock absorption. Voloshin and Wosk
[20] reported a decrease in the shock absorption capabilities
of the knee by 20% after meniscectomy.

Table 1 Arthroscopic portals and landmarks for each meniscal horn bony insertion site

Portal for arthroscope Portal for endoscopic guide Arthroscopic landmarks

Anterior horn medial meniscus Anteromedial Anterolateral 1. Anterior border ACL tibial insertion
2. Articular margin of anteromedial tibial plateau
3. Anterior intercondylar fossa

Posterior horn medial meniscus Posteromedial Anterolateral 1. PCL
2. Medial tibial spine
3. Articular margin posteromedial tibial plateau

Anterior horn lateral meniscus Anterolateral Anteromedial 1. A half of ACL tibial insertion
2. Lateral tibial spine
3. Articular margin on anterolateral tibial plateau

Posterior horn lateral meniscus Anterolateral Anteromedial 1. Posterior border ACL tibial insertion
2. Lateral tibial spine
3. Articular margin on posterolateral tibial plateau

Source: From Johnson DL, Swenson TM, Livesay GA, Aizawa H, Fu FH, Harner CD. Insertion-site anatomy of the human menisci: gross, arthro-
scopic, and topographical anatomy as a basis for meniscal transplantation. Arthroscopy 1995;11(4):386–394. Copyright © 1995 Arthroscopy
Society of North America. Reprinted with permission of Elsevier.
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In the ACL-deficient knee, the medial meniscus acts as
secondary stabilizer of anteroposterior translation. Anterior
tibial translation is increased 58% to 90% after complete
medial meniscectomy in an ACL-deficient knee [12], with
the posterior horn especially important in contributing to
joint stability [21]. Similarly, the lateral meniscus provides
posterolateral rotatory stability by increasing the concavity
of the tibial articulation with the lateral femoral condyle.

Surgical Indications

As noted in a review of the literature by Matava [22], many
authors are in agreement regarding the surgical indications
for meniscal allograft transplantation: “This procedure is
indicated for the active, physiologically young patient (gen-
erally less than 50 years of age) who has undergone either a
complete or near-complete meniscectomy and has pain in the
involved compartment prior to the development of moderate
to severe arthrosis” [22]. Radiographic measurements have
been defined to determine the degree of arthritis. Joint space
narrowing of less than 2–3 mm has become the agreed stan-
dard. Rosenberg et al. [23] described such measurement with
a weight-bearing posteroanterior radiograph in 45 degrees of
knee flexion. Others use an anteroposterior weight-bearing
radiograph in full knee extension to determine any joint nar-
rowing [24, 25]. Magnetic resonance imaging (MRI) has also
been used to evaluate the articular surface [26], but its use
is limited among authors. However, the presence of bipolar
edema on the MRI scan will suggest bony involvement and
advanced articular surface wear.

Serious articular disease, whether determined by Fair-
banks [2] changes on radiographs or by advanced Outer-
bridge [27] stages (III or IV) by arthroscopic evaluation, are
agreed by many as exclusion criteria for allograft meniscal
transplant. By far, joint space narrowing, osteophyte forma-
tion, and flattening of the femoral condyle as evidenced by
radiographic evaluation are the most common contraindica-
tion for performing this procedure [28]. Obesity is a concern,
though no literature to support its use as an exclusion mea-
sure exists.

Knee stability is critical for an optimal environment for
allograft survival. Any instability of the knee or malalign-
ment is a contraindication for meniscal transplant as an iso-
lated procedure. Any instability or lower extremity malalign-
ment that can be addressed concurrently should not pre-
clude one from performing a meniscal replacement. Menis-
cal transplantation combined with realignment osteotomies
and/or ACL reconstruction has been reported in the literature
with successful outcomes. Failure to assess both malalign-
ment or ligamentous instability has resulted in early failure
of meniscal replacement surgery [7, 29].

Systemic inflammatory conditions such rheumatoid
arthritis or a history of knee infection also are exclusion cri-
teria. Soft tissue disease and lack of full or normal knee range
of motion may alter normal knee kinematics. This alteration
may not provide a suitable environment for allograft survival.
The history of an intraarticular infection of the knee may
have a theorized increased risk of recurrent infection after
the implantation of allograft material. As such, many rec-
ommend the avoidance of transplantation of foreign material
into a site of previous infection.

Patient Evaluation

A thorough history and physical examination are essential for
determining the appropriate patient for a meniscal transplant.
A history of the initial injury and any prior additional surgi-
cal procedures must be known and discussed with the patient.
Along with a progressive worsening of joint-line pain after a
near complete or complete meniscectomy, the patient must
have joint-line tenderness isolated only to the involved com-
partment. The knee range of motion is to be assessed and
must be within normal limits. Any malalignment or ligamen-
tous laxity should be determined. Appropriate radiographic
studies should be performed to grade any possible arthritic
change, joint space narrowing, or lower-extremity deformity.
Preoperative planning is critical for survival of the allograft
meniscus and a successful surgical outcome.

If the status of the articular cartilage and the degree of
meniscal resection is unknown, a diagnostic arthroscopy may
be warranted. This provides the advantage for determining
the necessity of any additional procedures that may be indi-
cated and direct assessment of the condition of the joint sur-
face. If simultaneous osteochondral allograft transplant or
autologous chondrocyte implantation is a possibility, a diag-
nostic arthroscopy is strongly recommended for preoperative
planning, particularly if the patient has not had surgical inter-
vention for more than 1 year, as the current status of the
(osteo)chondral lesion may be unclear.

The patient must have a complete understanding of the
expectations and goals of meniscal transplant surgery. One
must understand this procedure is primarily for pain relief
and hopefully for slowing of the arthritic progression in the
involved compartment. Return to athletics is discouraged for
the longevity of the graft.

Graft Preservation

Preservation of the allograft meniscal tissue can be car-
ried out via multiple methods, including fresh, fresh-frozen,
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cryopreserved, and freeze-dried. Many prefer fresh-frozen
or cryopreserved grafts, as they have had the highest suc-
cess rates with no or minimal biomechanical degradation
[22]. However, grafts preserved by any of the above meth-
ods have been shown to successfully heal to the host and
function to varying degrees [30–34]. Disease transmission is
of great concern. The Centers for Disease Control and Pre-
vention estimates the incidence of disease transmission of all
the approximated 900,000 allografts implanted per year to be
0.0004%.

Fresh grafts have the highest cell viability and survivabil-
ity after transplant but may have the greatest risk of dis-
ease transmission. The grafts are kept at 4◦C in sterile lac-
tated Ringer’s solution up to 7 days after harvest, after which
fibrochondrocyte viability is no longer maintained. Such a
restricted time frame limits fresh graft availability. Thorough
serologic evaluation of the allograft and size matching typi-
cally takes greater than 7 days. Secondary sterilization tech-
niques destroy any viable cells, thus eliminating any potential
advantage of implanting living meniscal fibrochondrocytes.
Jackson et al. [35], through DNA typing in a goat model,
however, demonstrated donor DNA was replaced with host
DNA at 4 weeks after transplantation. DeBeer et al. [36]
showed similar results of 95% of donor cells replaced by host
cells in human meniscus 1 year after transplant. Therefore,
the benefit of cell viability of the donor allograft remains
unclear.

Fresh-frozen grafts have increased in use and demand.
Stored at –80◦C, the process is less expensive and rela-
tively simple. The freezing process, however, destroys viable
donor cells and results in denaturation of histocompatibil-
ity antigens [37]. Such changes may reduce the risk of
disease transmission and immunologic host response. The
collage framework, however, is maintained [38], and repop-
ulation of the meniscus periphery with host cells has been
shown [39, 40].

Cryopreservation maintains donor cell viability [41], but
the number of viable cells decreases with storage time [39].
The benefit of cryopreservation may not be worth the addi-
tional cost in comparison with fresh-frozen grafts, as both
have been implanted with similar results [42].

Freeze-drying (lyophilization), like fresh-freezing, dena-
tures histocompatibility antigens and destroys viable donor
cells [37]. Graft shrinkage after transplantation, synovitis,
and recurrent effusions have all occurred with freeze-dried
meniscal allografts [6, 7, 43]. Therefore, grafts preserved by
such methods have been largely abandoned and are not cur-
rently recommended.

The cost-benefit ratio of cryopreserved and fresh-frozen
grafts is unclear at present. No literature currently supports
the additional expense of cryopreservation at this time. The
role of viable chondrocytes within the meniscal allograft is
unknown. Clinical findings and animal models discourage

use of freeze-dried allografts because of changes observed
after transplant.

Sizing

Accurate sizing of the meniscal allograft is critical for incor-
poration and function. The allograft should be sized to be
within 5% of the native meniscus [44]. Multiple imaging
modalities can be employed for sizing including MRI, com-
puted tomography (CT), and plain radiography [25, 44–47].
Consistent underestimates of the meniscus size and recipient
site has been shown with both CT and MRI [44].

Standard anteroposterior and lateral radiographs can
accurately and inexpensively estimate meniscal size [46, 47].
Pollard et al. [46] described an effective and inexpensive
technique using standard anteroposterior and lateral radio-
graphs. On the anteroposterior radiograph, the coronal width
of the meniscus is measured, and on the lateral radiograph,
the sagittal length is calculated. Correction for magnification
is carried out with use of markers placed on the skin of the
proximal leg. After correction for magnification errors, the
length is multiplied by 0.8 or 0.7 for the medial versus lat-
eral meniscus, respectively. A size match of 95% is achieved
with this technique (Fig. 3). In addition, radiographs are sent
to the tissue bank to compare with donor radiographs. Coro-
nal and sagittal dimensions easily can be measured and esti-
mated within an error of ±3% [47].

Surgical Technique

The surgical goal of meniscal allograft transplantation is
to restore the normal relationship of the meniscofemoral
and meniscotibial articulations by placing an allograft in
an anatomic position. Both open and arthroscopic tech-
niques have been described. Current trends are toward arthro-
scopically assisted techniques to reduce surgical morbidity
[6, 48–56].

The allograft may be anchored one of two ways: either
by a bone bridge in slot technique or by separate bone
plugs. Secure horn fixation is necessary to prevent menis-
cal extrusion during weight-bearing. Bony fixation of the
meniscal allograft has shown to have superior surface con-
tact mechanics compared with those of soft-tissue fixation
[57–60]. Either by using a bone bridge or bone plugs, the
anterior and posterior horns of the meniscus must be placed
in an anatomic position. The smaller distance of ≤1 cm
between the anterior and posterior horns of the lateral menis-
cus does not allow for separate bone plug fixation due to the
risk of tunnel communication compromising graft fixation
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Fig. 3 Sizing using standard anteroposterior and lateral radiographs.
Size markers (used with permission of the Musculoskeletal Transplant
Foundation, Edison, NJ) are used to correct for magnification. The
meniscal width is measured on the anteroposterior radiograph from the

peak of the tibial eminence to the ipsilateral border of the tibial plateau.
The length is the distance from the anterior to posterior borders of the
tibial plateau (arrows depict areas of measurement for allograft)

and anatomic placement [16]. The advantage of the bone
bridge is a fixed distance between the anterior and posterior
horns, maintaining the native horn insertion distance of the
allograft meniscus. Many argue easier insertion of the allo-
graft [52]. The use of separate bone plugs medially, how-
ever, allows for anatomic placement of the medial menis-
cal horn insertion sites. Tunnel communication should not
occur, as the distance between the anterior and posterior
footprints is much greater than that of the lateral menis-
cus. Anatomic placement of the meniscal footprints should
restore normal hoop stresses within the transplanted menis-
cus during weight-bearing. Improper placement leading to
increased tensile stresses within the meniscus may be a cause
of clinical failure. It is highly recommended to use a bone
plug technique for the medial meniscal grafts.

After the induction of general anesthesia and adminis-
tration of prophylactic intravenous antibiotics, the patient is
placed in a supine position. An examination under anesthe-
sia is performed to assess stability and document range of
motion. A proximal thigh holder with tourniquet is posi-
tioned proximally enough to allow exposure as one would
use for a typical posterolateral or posteromedial inside-out
meniscal repair.

A diagnostic arthroscopy is performed using the standard
parapatellar portals. The condition of the remaining menis-
cus and articular surfaces is documented. The integrity of the
intraarticular structures, especially the ACL, is assessed. The
allograft is then thawed and reconstituted in antibiotic solu-
tion as per protocol. The residual meniscus is debrided to

Fig. 4 Arthroscopic view of the lateral compartment after meniscal
debridement to less than 2 mm peripheral rim

a 1- to 2-mm peripheral rim (Fig. 4). Rasping of the syn-
ovium on the upper and lower borders of the remnant pro-
motes an aggressive vascular response, providing a vascular
source at the meniscocapsular junction for graft healing and
incorporation. Remnants of the anterior and posterior horns
are left to aid in localizing the position for the slot or bone
tunnels. A modified notchplasty is then performed to allow
for improved visualization and ease of graft passage. This is
done cautiously while protecting the cruciate ligaments.
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Bone Bridge or Slot Technique for Lateral
Meniscal Reconstruction

After the preparation of the meniscal rim, a modified notch-
plasty is performed under the ACL on the femur; this allows
one to visualize the posterior insertion site of the lateral
meniscus, as the footprint is posterior to the lateral tibial
spine. An 18-gauge needle is placed percutaneously to align
with the anterior and posterior horns of the meniscus and to
identify the location for the meniscal slot. A vertical arthro-
tomy, appropriately 3 cm in length, is made in line with
the anterior and posterior meniscal horns. Electrocautery is
used to mark a line between the centers of the meniscal horn
footprints (Fig. 5). A superficial reference slot is then made
using a 4-mm burr along the line previously marked. The
slot should parallel the sagittal slope of the tibial plateau
and approximate the width of the burr (Fig. 6). A drill guide
(Meniscal Transplant Set; Stryker Endoscopy, San Jose, CA)
is placed in the slot and hooked onto the posterior tibial cor-
tex to measure the length of the slot (Fig. 7). A guide wire
is then drilled through the guide handle parallel to the tibial
slope to the posterior tibial cortex but not through it (Fig. 8).
This can be done under fluoroscopy to aid in placement. The
guide handle is removed, and an 8-mm cannulated reamer is
advanced over the guide wire to the appropriate depth, leav-
ing a shelf of posterior tibial cortex (Fig. 9). The remaining
roof of the reamed slot is removed with a rongeur or pituitary
rongeur. A box cutter, size 8 × 10 mm, is used to convert
the rounded slot to a box-shaped trough. The edges are then
smoothed with a rasp (Fig. 10A–D).

A 3-cm posterolateral incision is made between the iliotib-
ial band and the biceps femoris superficially. Deep dissection

Fig. 5 The line made with the electrocautery device between the ante-
rior and posterior horn footprints for the slot positioning. (Courtesy of
Stryker Endoscopy, San Jose, CA.)

Fig. 6 A 4-mm burr is used to make a reference slot in line with the
anterior and posterior horns, parallel to the sagittal slope of the tibial
plateau and a width no greater than that of the burr. (Courtesy of Stryker
Endoscopy, San Jose, CA.)

is carried out through the interval of the fibular collateral lig-
ament and lateral gastrocnemius tendon, exposing the pos-
terolateral capsule for an inside-out meniscal repair and graft
passage.

Allograft Preparation

The meniscal allograft is sent from the tissue bank with
meniscal tissue attached to the hemiplateau of the tibia. All
nonmeniscal soft tissue should be removed. The bone bridge
is cut with an oscillating saw to a width of 7–8 mm and a
height of 10 mm, as shown in Figs. 11 and 12. To allow
for ease of passage of the graft into the tibial bone slot, the
bone bridge width should be undersized by 1 mm. For poste-
rior seating of the graft, the posterior bony wall of the bone
bridge should be flush with the posterior aspect of the poste-
rior meniscal horn (Fig. 13). The sizing is checked by pass-
ing the bone bridge through a calibrated trough (Fig. 14).
A no. 0 horizontal mattress traction suture is placed at the
junction of the middle and posterior thirds of the meniscal
allograft.

Allograft Insertion

Using a zone-specific meniscal repair cannula, a meniscal
stitching needle (Smith & Nephew, Inc., Andover, MA) is
inserted toward the posterior corner of the recipient com-
partment. The free ends of the allograft no. 0 traction suture
are placed through the eyelet of the meniscal stitching nee-
dle. The needle is then advanced and retrieved with the
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Fig. 7 Stryker guide placed within the reference slot and hooked onto the posterior tibial plateau. The drill guide is in place to measure the length
of the tibial slot. (Courtesy of Stryker Endoscopy, San Jose, CA.)

Fig. 8 Guide pin placed through the guide handle; take care to drill
to the posterior tibial cortex but not through it. (Courtesy of Stryker
Endoscopy, San Jose, CA.)

ends of the traction suture through the posterior incision
made earlier for the meniscal repair. The allograft is inserted
through the parapatellar arthrotomy and aligned with the
tibial slot. Positioning is accomplished by pulling on the
traction suture and positioning of the knee in the figure-of-
four position (Fig. 15). Varus stress, as well as careful pres-
sure anteriorly on the graft, will facilitate passage of the
meniscus.

After proper seating of the bone bridge, a guide wire is
inserted between the central wall of the slot and bone bridge.
A cannulated tap is inserted over the guide wire to create
a pilot hole for an interference screw. A periosteal elevator

can be used to hold the bone bridge in place while the tap is
advanced. Either a 7 × 28 mm or an 8 × 28 mm interference
screw is inserted to secure the bone bridge (Fig. 16). Arthro-
scopic inspection is used to confirm the placement and siz-
ing of the meniscus. The remainder of the meniscal tissue is
secured with a standard inside-out meniscal repair technique.
Working from posterior to anterior, 8–10 vertical mattress 2-
0 nonabsorbable sutures are placed. To reduce the risk of
neurovascular injury, an all-inside meniscal repair system
may be used to secure the most posterior extent of the menis-
cal allograft. Final arthroscopic inspection and gentle prob-
ing is used to confirm placement and fixation of the trans-
planted meniscus (Fig. 17).

Bone Plug Technique for Medial
Meniscal Reconstruction

Allograft Preparation

As mentioned earlier, the allograft is received from the tissue
bank as a hemiplateau. All nonmeniscal soft tissue is sharply
removed. The posterior horn is prepared first. This may be
done with a rongeur, burr, or bone coring system (Smith &
Nephew, Inc.). If using a coring drill, a hole angled at 60
degrees relative to the posterior horn origin and centered
within the meniscal footprint is made with a 2.5-mm drill
(Fig. 18). To minimize the risk of avulsion of meniscal tissue,
the hole must be centered within the posterior horn insertion
site. A collared pin is inserted into the inferior opening of
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Fig. 9 An 8-mm cannulated reamer is advanced over the guide to the measure depth. (Courtesy of Stryker Endoscopy, San Jose, CA.)

the hole until the collar abuts the bone. A 7- or 8-mm cor-
ing reamer is passed over the collared pin, creating a bone
plug with an intact meniscal origin. The plug length is then
trimmed to approximately 8 mm (Fig. 19A–D). The anterior
horn plug is then prepared in a similar fashion, but the initial
drill hole is angled 90 degrees to the meniscal footprint, and
a 7- or 8-mm coring reamer is used, as the anterior plug will
be secured in a press-fit fashion.

Tunnel Preparation

Using the separate bone plug technique, the plugs are placed
into separately prepared bone tunnels within the tibia. An
ACL guide is used. The posterior tunnel is prepared first,
with the ACL guide tip set into the middle of the posterior
horn footprint and positioned so the tibial tunnel entrance is
lateral to Gerdy’s tubercle. It is important to have performed
a modified notchplasty to fully visualize the posterior menis-
cal footprint for anatomic placement of the posterior tunnel.
The guide is typically set to 60 degrees, which allows the
guide to be held perpendicular to the tibial plateau (Fig. 21A,
B). A guide pin is advanced through the guide until the tip
is intraarticular. Positioning is confirmed with arthroscopic
visualization. A reamer sized 1 mm greater than the poste-

rior bone plug is then drilled over the guide pin to create the
tibial tunnel. The differences in diameter of the tunnel versus
the posterior plug allow for easier graft passage but do not
lead to plug toggle and potential loss of fixation. A curette
can be used to prevent advancement of the guide pin while
reaming. A shaver and rasp are used to remove any debris at
the tunnel opening.

The anteromedial portal is extended inferiorly to create a
3- to 4-cm arthrotomy for graft passage and anterior tibial
tunnel preparation. The tip of the ACL guide is used to mark
the anatomic center of the anterior horn footprint through the
arthrotomy. The anterior tunnel is then drilled to the width
of the anterior meniscal bone plug. The ACL guide is set to
40 degrees and positioned so that the tunnel entrance is on
the lateral tibial metaphysis medial to Gerdy’s tubercle. The
anterior and posterior tunnels are positioned such that the
tibial openings are separated by 1 cm and surround Gerdy’s
tubercle (Fig. 22A).

A 3-cm posteromedial incision is made for the inside-
out meniscal repair technique and graft passage. The inter-
val between the medial collateral ligament and the posterior
oblique ligament is developed. Care is taken to protect the
infrapatellar branch of the saphenous nerve in the proximal
extent of the incision. The posteromedial capsule is identified
through this interval.
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Fig. 10 (A) Box cutter is used to convert the rounded slot to a box-
shaped trough. (B) Arthroscopic view of the box cutter in place. (C)
Rasp is used to smooth the edges of the slot. (D) Arthroscopic view of an

8-mm rasp in the bone trough. (A and C courtesy of Stryker Endoscopy,
San Jose, CA.)

Allograft Insertion

A wire loop or suture retrieval device is passed retrograde
into the anterior and posterior tunnels and retrieved through
the anteromedial arthrotomy. The bone plug sutures are
passed through the tunnels with the wire loop and retrieved
at the anterior entrance of the tunnels at the tibial cortex.
The traction suture is passed through the posteromedial cap-
sule and retrieved through the posteromedial incision using
meniscal repair cannulas and meniscal needles in a similar
fashion as described with the bone bridge technique for the
lateral meniscus. A valgus stress is applied to the knee to
open the medial compartment as the graft is delivered into the
knee by traction on both the posterior bone plug suture and
traction suture. Passage is facilitated by maintaining the val-
gus stress and placing the knee at approximately 30 degrees

of flexion. Once the posterior bone plug is positioned, the
knee is cycled multiple times to properly seat the posterior
horn.

A no. 2 Ultrabraid (Smith & Nephew, Inc.) is passed in a
figure-of-eight fashion through the meniscal soft tissue inser-
tion, leaving two long ends of the suture that are then passed
using a Keith needle through the bone hole (Fig. 20). These
sutures will be used for traction and fixation of the allograft.
A no. 0 horizontal mattress traction suture is placed at the
junction of the middle and posterior thirds of the meniscal
allograft for insertion.

The anterior plug is passed into the anterior tunnel in a
similar fashion. The sutures of the anterior and posterior bone
plugs are then tied to one another over an anterior tibial bone
bridge, securing the allograft insertion sites (Fig. 22B). The
intermeniscal ligament is sutured to the graft for additional
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Fig. 11 Allograft bone block being cut to appropriate size. (Courtesy of Stryker Endoscopy, San Jose, CA.)

Fig. 12 Bone bridge after being cut to size. (Courtesy of Stryker
Endoscopy, San Jose, CA.)

Fig. 13 Lateral meniscal allograft with bone bridge cut to size and
traction suture placed at the junction of the posterior and middle thirds.

fixation. The remainder of the meniscal tissue is secured
with a standard inside-out meniscal repair technique using 8–
10 vertical mattress 2-0 nonabsorbable sutures as described
earlier.

Fig. 14 Calibrated trough and measuring plate for allograft prepara-
tion. (Courtesy of Stryker Endoscopy, San Jose, CA.)

Fig. 15 Meniscus insertion. (Courtesy of Stryker Endoscopy, San
Jose, CA.)
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Fig. 16 Allograft meniscus secured in place. (Courtesy of Stryker
Endoscopy, San Jose, CA.)

Fig. 17 Final arthroscopic view of the transplanted meniscal allograft.

Fig. 18 Proper angulation for the bone plugs. (Courtesy of Cryolife,
Inc., Kennesaw, GA.)

Advanced Techniques

Corrective Osteotomy

If varus or valgus malalignment coexists, the recipient com-
partment may be under more than physiologic compression,

which can lead to allograft failure. Realignment procedures
must be performed concurrently [61]. Varus alignment may
be present with medial meniscus deficiency. In such a situa-
tion, a proximal tibial osteotomy should be performed as an
adjunct procedure. However, unlike high tibial osteotomies
performed for medial compartment arthritis, the goal is to
restore alignment to just beyond neutral. An opening medial
osteotomy (the authors’ preferred method) or closing lateral
osteotomy can be performed at the surgeon’s discretion. Flu-
oroscopy will aid in avoidance of the tibial trough or tunnels.

A distal femoral osteotomy may be performed to correct
valgus alignment. Numerous techniques have been described
and performed with success. An opening wedge osteotomy
is the authors’ choice. Regardless of whether varus or valgus
correction is performed, care must be taken not toINTbreak;
overcorrect.

Ligament Reconstruction

Meniscus allograft transplantation and simultaneous ACL
reconstruction have been performed successfully and have
proved to be beneficial [62–65]. The biomechanical relation-
ship of the medial meniscus and an intact ACL is well known.
The medial meniscus is a secondary stabilizer to anteroposte-
rior stress and therefore critical for a successful ACL recon-
struction [66, 67]. An intact ACL in turn protects the articular
cartilage and menisci [68, 69].

With the bone bridge in slot technique, the tunnel entrance
should be placed more distally on the tibia, allowing a longer
tunnel with a more rounded articular opening [28, 56]. The
femoral tunnel can then be drilled in traditional fashion. The
meniscal slot is then prepared as described. Some confluence
of the slot and tibial tunnel will occur but will not be prob-
lematic [63]. If a bone plug technique is used, the tibial tun-
nel for the ACL reconstruction is positioned more medially
to avoid communication with the tunnel for the posterior horn
bone plug. The ACL reconstruction is then performed in the
usual fashion.

After the meniscal slot is completed, the ACL graft is
passed in traditional fashion and secured within the femur.
The soft tissue portion of the ACL graft can then be displaced
manually to allow passage of the meniscal graft. Once the
meniscus is properly positioned, the ACL graft is tensioned
and secured distally. The interference screw for meniscal fix-
ation is placed, and the meniscus is repaired as described
earlier.

Alternatively, the meniscal transplant can be performed
and all steps completed first as described [28]. The tibial tun-
nel is then positioned more medially and distally, reducing
confluence of the slot and tunnel. As stated previously, the
intersection of the slot and tibial tunnel will not be problem-
atic [63]. The ACL reconstruction can then be completed
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Fig. 19 Meniscal preparation. (A) A 2.5-mm twist drill at 60 degrees
to the posterior horn insertion site. (B) Collared pin in place. (C) An
8-mm cannulated coring reamer capturing the majority of the meniscal
insertion site. (D) Final 8 mm × 8 mm posterior horn bone plug menis-

cal construct. (From Fox JA, Lee SJ, Cole BJ. Bone plug technique
for meniscal transplantation. Oper Tech Sports Med 2003;11:161–169.
Copyright © 2003. Reprinted with permission of Elsevier.)

in traditional fashion. A hamstring graft is recommended,
allowing for a smaller tunnel diameter, facilitating graft pas-
sage.

As important as the medial meniscus is to anteroposte-
rior stability in the ACL-deficient knee, the lateral menis-
cus provides secondary restraint to posterolateral rotation. A
posterolateral corner injury combined with a deficient lateral
meniscus must be treated as a combined procedure. Failure
to address the deficient lateral meniscus concurrently with a
posterolateral reconstruction/repair will not restore adequate

posterolateral stability, leading to continued rotatory instabil-
ity and potential future articular destruction and wear.

Cartilage Restoration

Simultaneous cartilage restoration procedures such as osteo-
chondral allograft transplantation and autologous chondro-
cyte implantation have been performed with success [70,
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Fig. 20 Fully prepared meniscus with monofilament traction suture in
place at the junction of the middle and posterior thirds of the menis-
cus (blue mark). (From Fox JA, Lee SJ, Cole BJ. Bone plug technique
for meniscal transplantation. Oper Tech Sports Med 2003;11:161–169.
Copyright © 2003. Reprinted with permission of Elsevier.)

71]. Careful preoperative planning is critical for position-
ing of incisions and the order of surgical steps. It is rec-
ommended that chondral procedures be performed after the
meniscal transplant is completed to avoid inadvertent dam-
age to the periosteal patch or osteochondral graft with the
meniscal instrumentation [72].

Rehabilitation

Postoperatively, patients are placed in a hinged knee brace
locked in extension and allowed to partially weight-bear
(approximately 50% body weight). Patients are instructed
to immediately start straight leg raises, and quadriceps and

Fig. 21 (A) ACL guide set to 60 degrees and guide tip placed at the
anatomic center of the posterior footprint of the medial meniscus. (B)
Tunnel drilled for the posterior bone plug. (All images courtesy of Cry-
olife, Inc., Kennesaw, GA.)

hamstring isometric exercises can be started as pain toler-
ates. Weight-bearing as tolerated with crutch use is begun at
2 weeks as well as range of motion from 0 to 90 degrees of
flexion. Closed chain exercises also are begun 2 weeks after
surgery. The patient may discontinue crutches at 6 weeks
postoperatively if gait is normal. Any rotational exercises for
the first 8 weeks are avoided due to shear stress to the graft.
After 8 weeks, the patient should be full weight-bearing, the
brace is discontinued, and full active range of motion exer-
cises are initiated. Use of a stationary bike is encouraged.
Proprioceptive training also is started at 8 weeks. Sport-
specific exercises and jogging may be started at 12 weeks
postoperatively. The authors’ preferred postoperative reha-
bilitation protocol is summarized in Table 2.

Currently, there are no standardized rehabilitation pro-
tocols that exist for patients undergoing meniscal allograft
transplantation. There have been numerous studies published

Fig. 22 (A) Medial meniscal allograft transplantation with anterior
(large arrow) and posterior (small arrow) bone plugs through tran-
sosseous tunnels. (From Sekiya JK, Ellingson CI. Meniscal allograft
transplantation. J Am Acad Orthop Surg2006;14(3):164–174. Copy-

right © 2006 American Academy of Orthopaedic Surgeons. Reprinted
with permission.) (B) Clinical photograph showing the exiting traction
sutures that are then tied over a cortical bone bridge for fixation.
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Table 2 Rehabilitation protocol

Time frame Weight-bearing, range of motion Brace use Therapeutic elements

0–2 weeks Partial weight-bearing (50%)
No tibial rotation

Full-time, locked in extension Quadriceps sets, straight-leg raises, hamstring
isometrics, patellar mobilization

2–8 weeks Advance weight-bearing to that
tolerated with crutches

Discontinue crutches at 6 weeks if
normal gait pattern

No weight-bearing with >90 degrees
of knee flexion

No tibial rotation

Brace locked 0–90 degrees
Discontinue if gait normal at 6

weeks

Closed chain exercises, terminal extension

8–12 weeks Full weight-bearing
Full active range of motion

Discontinued Begin stationary bike
Hamstring strengthening, lunges with flexion

restricted to 90 degrees of flexion, proprioception
exercises

12–16 weeks Full weight-bearing
Full active and passive range of

motion

Discontinued Plyometrics, jogging, advance to sport-specific
exercises

on meniscal allograft transplantation, but none have focused
on rehabilitation. Many authors recommend use of contin-
uous passive motion machines for immediate postoperative
range of motion [6, 29, 62, 64, 73]. Most authors recom-
mend full weight-bearing by 6 weeks, with immediate to
early range of motion. The timing for full weight-bearing is
still controversial, and more long-term studies are needed to
address this issue. It is recommended that flexion be limited
to 90 degrees for the first 4–6 weeks to prevent shearing and
rotational forces on the transplanted meniscus. The ability to
return to running and other sporting activities appears around
6–9 months, with no consensus on exact timing. The ability
to return to preinjury sporting activities seems to be limited,
but there has not been enough long-term follow-up to con-
firm this idea. It seems most authors limit athletic activity to
light sports.

The postoperative protocols in all the studies reviewed
by Matava [22] were contingent upon any concurrent
procedures performed. After combined cruciate ligament
reconstruction and meniscal transplant, many authors
restricted the rehabilitation to their preferred protocols for
the ligament reconstruction. Similarly, restrictive weight-
bearing is dictated by a concurrent realignment osteotomy
procedure.

Complications

The complications after meniscal allograft transplantation
were reviewed in an analysis by Matava [22]. The most
common complication in the 547 patients in the review was
graft tearing, resulting in 45 tears, or 8.2%. In a series by
Stollsteimer et al. [54] and Graf et al. [65], this resulted in

reoperation in 26% and 25% of patients with tears, respec-
tively. In both series, treatment was partial meniscectomy
or repair, which effectively eliminated mechanical symptoms
and relieved pain.

There have been no reports of viral infection, namely HIV
or hepatitis transmission, in the literature. Bacterial infection
after meniscal transplant has been reported in three studies
ranging from 3% to 4.5% [6, 49, 54]. However, it is unclear
whether these infections resulted from the surgical procedure
or the transplantation of a contaminated graft, as bacterio-
logic data were not provided.

Three studies [6, 24, 54] reported postoperative immuno-
logic responses but no follow-up. There are no reports of neu-
rovascular injury in the literature. Three case series [6, 24,
74] have reported loss of motion after transplantation, result-
ing in five closed manipulations under anesthesia [24, 74].
Additional complications have been reported attributable to
concurrent procedures at the time of the meniscal transplant,
such as nonunion of osteotomy sites, revision ACL recon-
struction, and hardware failure. Minor complications such as
suture granulomas also have been reported.

Clinical Pearls

Meniscal allograft transplantation is a technically challeng-
ing procedure. Proper patient selection will increase the like-
lihood of success. The patient must have thorough under-
standing of the surgical and rehabilitative expectations. Serial
physical examinations of the knee and lower extremity will
aid detection of any malalignment and ligamentous instabil-
ity that must be addressed simultaneously.



56 D.M. Junkin et al.

Anatomic placement of the allograft and appropriate siz-
ing are essential to restore near-normal function in the
involved compartment. Failure to place the allograft in the
anatomic position may not restore the normal contact area
and stresses across the tibiofemoral articulation. Failure to
place the bone plugs in the normal meniscal insertion site
may not restore normal hoop stresses within the meniscus
and may increase the risk of injury to the implanted menis-
cus.

To aid in visualization and graft passage, a modified
femoral notchplasty is necessary, particularly for medial
meniscal transplants. Debridement of the anterior fat pad to
fully visualize the anterior insertion site of the meniscus is
required. Poor visualization may lead to poor placement of
the meniscal allograft and ultimately to failure of the allo-
graft meniscus. Two surgical assistants may be necessary, as
one assistant may aid the surgeon in positioning of the menis-
cus while the second assistant remains responsible for hold-
ing the extremity and providing the necessary knee flexion
and varus or valgus stress.

Repair sutures should be placed in a vertical or oblique
direction, not horizontally. Vertical and oblique sutures have
been demonstrated to have greater pull-out strength [75].
Suture placement also is very important. Divergent suture
placement will aid in proper seating of the meniscal graft
in an anatomic location. This also may restore the ability
to resist hoop stresses, as any folds or wavy portions of the
meniscus will be prevented. Avoid placing the repair sutures
in the central or middle thirds of the meniscal allograft as
this may weaken the meniscus and not provide stable fixa-
tion, which may ultimately lead to meniscal tears.

Summary

Pain-free activities of daily living are the goal of meniscal
replacement surgery. Currently, the degree of athletic partic-
ipation has not been established, though most authors rec-
ommend the avoidance of strenuous activities or competi-

tive sports. Biomechanics and healing of the allograft after
meniscal transplantation as well as the progression of weight-
bearing and its influence on graft success have yet to be deter-
mined. Until such determination, high-level activities and
sports are discouraged.

In 15 studies reviewed by Matava [22], most patients
after transplantation still experienced intermittent swelling
and pain to a varying degree. However, the success rate
as judged by subjective measures (the Tegner and Lysholm
[76] scales, International Knee Documentation Committee
[IKDC] score, Cincinnati Knee-Rating System, and the Knee
Outcome Survey) is more than 60%. In a review of 100
patients by Verdonk et al. [77], 70% of patients reported a
good to excellent result at 10 years after transplant. Cole et al.
[71] and Sekiya et al. [78] in 2006 reported a success rate of
approximately 90% at 2 years and 96% at 3.3 years, respec-
tively, using the IKDC examination score. Earlier cohorts by
Sekiya et al. [64], Cameron and Saha [49], and van Arkel and
de Boer [29] showed a success rate of 86%, 87%, and 87%,
respectively.

Successful outcomes have been achieved when meniscal
allograft transplantation was performed concurrently with
ligament reconstructions, realignment osteotomies, and car-
tilage restoration procedures. Studies by Noyes and Stabler
[79], Ryu et al. [74], and Yoldas et al. [62] of meniscal
allograft transplantation combined with ACL reconstruction
showed results similar to those of an isolated meniscal trans-
plant. Verdonk et al. [80] recently have showed greater clin-
ical improvement in patients who underwent medial menis-
cal allograft transplantation in combination with high tibial
osteotomies than in patients who underwent medial meniscal
transplant in isolation. When in combination with osteochon-
dral graft transplantation, Zukor et al. [70] reported a 79%
success rate.

Retrospective studies have demonstrated the efficacy of
meniscal allograft transplantation in relieving pain and
improving function [81, 82]. Yet, it remains unclear whether
meniscal allograft transplantation provides protection and
preservation of the articular cartilage. Long-term prospective
studies are needed to answer such questions.

Case Reports

Case 1

Chief Complaint and Patient History: A 36-year-old man who is a laborer presented with right knee pain and insta-
bility. With weight-bearing, the patient reported a sense of knee hyperextension and pain. The pain was localized to the
posterolateral aspect of the knee. He reported that the pain and instability had been progressive since undergoing a knee
arthroscopy 10 months earlier for a lateral meniscal tear that required a complete lateral meniscectomy. The patient denied
effusions or mechanical symptoms. He denied any preinjury knee symptoms or complaints of instability. The patient was
referred to the authors’ institution for further evaluation.
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Fig. 23 Case 1. (A) Standard anteroposterior and lateral radiographs demonstrating minimal arthritic changes. Sizing markers (used with
permission of the Musculoskeletal Transplant Foundation, Edison, NJ) are present for meniscal allograft measurements. (B) Intraoperative
arthroscopic picture of a lateral meniscal transplantation after debridement of the remaining native meniscus back to rim of approximately
2 mm. (C) Intraoperative arthroscopic picture of a lateral meniscal transplantation after placement of the allograft into the lateral compartment.
(D, E) Final views after meniscal repair. (F) Anteroposterior and lateral radiographs obtained 9 weeks postoperatively showing proper placement
of the lateral bone bridge.
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f

Fig. 23 (continued)

Physical Exam: On physical examination, the right lower extremity had no deformity or clinical malalignment. The
knee had no effusion and a full range of motion. The Lachman test and the anterior and posterior drawer tests were
negative. There was a grade II varus laxity at 30 degrees of knee flexion and no valgus laxity. On the prone dial test, there
was an increased external rotation at 30 degrees of knee flexion compared with that of the uninjured left knee. There was
tenderness to palpation of the lateral joint line.

Imaging: Standard weight-bearing anteroposterior and lateral radiographs revealed minimal lateral space narrowing
(Fig. 23A). Review of the previous operative records and intraoperative arthroscopic pictures showed the popliteus tendon
to be intact and a near-complete lateral meniscectomy. The MRI scan was reviewed and showed the lateral collateral
ligament and popliteofibular ligament to be intact.

Surgery/Treatment:The surgical plan included lateral meniscal allograft transplantation as well as possible posterolat-
eral corner reconstruction versus augmentation if required. The physical examination and history suggested insufficiency
of the posterolateral corner structures; however, the previous arthroscopy, MRI, and lack of a new injury were to the con-
trary. The functional insufficiency of the lateral meniscus and loss as a secondary restraint may have been the cause of
the physical findings of the dial test and recurrent sense of hyperextension instability. A complete absence of the lateral
meniscus may present as an unstable knee, as the lateral meniscus is an important structural restraint for posterolateral
rotatory instability.

Examination under anesthesia demonstrated no ligamentous laxity and a normal range of motion. A diagnostic
arthroscopy confirmed the near-complete absence of the lateral meniscus, the presence of an intact popliteus tendon, and
lack of a drive-through sign laterally. The patient underwent a lateral meniscal allograft transplantation using a bone bridge
technique without complication (Fig. 23B–E). The patient was admitted overnight for pain control. Postoperatively, the
patient was instructed to remain partially weight-bearing and was placed in a brace locked in full extension. The postoper-
ative rehabilitation protocol outlined previously was initiated.

At follow-up 1 and 2 weeks postoperatively, the patient’s pain had continued to diminish. By 5 weeks after surgery, the
patient was ambulating without crutches, and the brace was discontinued at 9 weeks. Stationary bike and elliptical trainer
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exercises were then begun. Radiographs obtained 9 weeks postoperatively showed proper placement of the lateral bone
bridge (Fig. 23F). At 14 weeks after surgery, the patient reported decreased lateral-sided pain and no instability. He was
cleared to return to work with restrictions.

Discussion: The examination under anesthesia and diagnostic arthroscopy confirmed the lack of injury or
insufficiency of the posterolateral corner of the knee. It is critical to address any ligamentous laxity simultaneously. If
this patient proved to have any deficiency of the lateral structures of the knee, reconstruction or augmentation would have
been necessary to increase the likelihood of a successful meniscal transplantation. Such a case illustrates the importance
of a well-documented examination and the importance of preoperative planning.A surgeon performing a meniscal allo-
graft transplantation must be prepared to address any additional pathology suspected from the physical examination and
diagnostic imaging.

Case 2

Chief Complaint and Patient History: A 37-year-old man who is a laborer was referred to the authors’ institution for the
evaluation of worsening knee pain. He had undergone a partial medial meniscectomy for a complex tear of the left medial
meniscus approximately 3 years earlier. A second debridement of the left medial meniscus was performed less than 1 year
later for a recurrent meniscal tear. Since the time of the second surgery, the patient complained of worsening knee pain
and intermittent effusions. The use of a cane and an off-loading brace provided only minimal relief of his knee discomfort.
Additional nonoperative therapies had failed to provide symptomatic relief.

Physical Exam: On physical examination, the left lower extremity was without clinical malalignment. Tenderness to
palpation was localized to the medial joint line. The knee was without an effusion, and the active and passive range of
motion was normal.

Imaging: Plain weight-bearing radiographs showed minimal joint space narrowing (Fig. 24A). By MRI, a small remain-
ing remnant of the medial meniscus and no evidence of articular lesions were confirmed (Fig. 24B).

Surgery/Treatment: The patient agreed to a meniscal allograft transplantation. Diagnostic arthroscopy at the time of the
meniscal transplant showed grade III changes to the medial tibial articular surface posteriorly. The meniscal replacement
was performed without complications (Fig. 24C). At 1 week after the transplant, the patient’s pain was diminishing.

By 9 weeks after the transplant, the patient was ambulating with an unloader brace, had a minimal effusion, and had a
passive range of motion of 0–100 degrees. At 3 months, the patient reported no complaints, the brace was discontinued,
and the range of motion was 0–120 degrees. Weight-bearing radiographs performed at the 3-month follow-up showed a
slight varus alignment of the left knee not previously present (Fig. 24D–F). The patient agreed to a diagnostic arthroscopy
and a proximal tibial osteotomy to prevent further varus angulation and “protection” of the allograft meniscus.

Fourteen weeks after the meniscal transplant, a diagnostic arthroscopy and a closing wedge high tibial osteotomy (HTO)
were performed. The allograft meniscus was secure without defect, and synovial ingrowth at the meniscal rim was present
(Fig. 24G). The articular changes of the medial compartment had not progressed; however, grade III and IV Outerbridge
changes were present within the patellofemoral articulation. The HTO was completed without complication. The patient
was discharged home the next day and allowed to weight-bear as tolerated with a hinged knee brace locked in extension.

One week after the HTO, range of motion exercises were begun. By 5 weeks postoperatively (19 weeks after the meniscal
transplant), the patient was meeting all goals set by the rehabilitation protocol. At the 6-month follow-up after the HTO,
the patient had a nonantalgic gait, improved strength, and full range of motion. He was cleared to return to work.

One year after the meniscal transplant, the patient complained of occasional pain localized in the anterior knee that
worsened with deep knee flexion. No joint-line tenderness was present on examination. At follow-up 2 years after the
meniscal transplant, the patient reported 100% improvement in symptoms (Fig. 24H).

Five years after the meniscal allograft transplantation, the patient underwent removal of the proximal tibial hardware
secondary to hardware irritation. A diagnostic arthroscopy was performed simultaneously, demonstrating an intact medial
meniscus and grade III changes to the medial femoral and tibial joint surfaces; weight-bearing radiographs were taken 6
years after meniscal allograft transplantation (Fig. 24I, J). Nine years after the meniscal transplant, the patient is ambu-
lating without a limp, has no joint-line tenderness, but has the occasional anterior knee pain. This is attributable to the
patellofemoral arthrosis and employment as a laborer, which requires him to be on his feet all day.

Discussion: In hindsight, a simultaneous proximal tibial osteotomy should have been performed, potentially decreasing
the surgical morbidity and recovery period. The recent report by Verdonk et al. [80] supports this point, as they reported
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greater clinical improvement in patients who underwent simultaneous medial meniscal allograft transplantation and high
tibial osteotomy in comparison with that of patients who had an isolated medial meniscal allograft transplantation. The
second- and third-look arthroscopies provide support for the theoretical benefit of meniscal transplant as evidenced by of
lack of progression of the medial compartment articular changes.

Fig. 24 Case 2. (A) Preoperative weight-bearing radiographs showing minimal joint-line narrowing (Anterior–Posterior, AP). (B) Preoperative
MRI scan showing only a remnant of the medial meniscus as indicated by the arrows. (C) Arthroscopic views of the transplanted meniscal
allograft in the medial compartment. (D) Preoperative standing anteroposterior radiograph demonstrating the varus alignment and medial joint
space narrowing after the meniscal transplant. (E, F) Radiographs after the valgus producing osteotomy to unload the medial compartment
(Tunnel AP view, Flexion Lateral view). (G) Arthroscopic images taken 3 months later at the time of the high tibial osteotomy showing the
synovial ingrowth and incorporation of the meniscal allograft. (H) Follow-up MRI scan performed 28 months after meniscal transplantation
indicating the intact allograft. (I) Diagnostic arthroscopy performed 5 years after the transplantation showing an intact meniscus. (J) Weight-
bearing radiographs 6 years after meniscal allograft transplantation (AP and Lateral views).
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Fig. 24 (continued)
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Arthroscopic Treatment of the Osteoarthritic Knee

Carl T. Talmo and James V. Bono

Introduction

The knee is the most commonly affected weight-bearing joint
by osteoarthritis, accounting for approximately 1 million
surgical procedures yearly and for the majority of nons-
teroidal anti-inflammatory drugs purchased in the United
States. More than 20 million people in the United States are
afflicted with early osteoarthritis, and it is the leading cause
of limitation of activities of daily living and second only to
cardiac disease in causing loss of time from vocational activ-
ities and work disability [1, 2]. In addition, an increased life
expectancy and increased awareness of the benefits of phys-
ical fitness and participation in sports activities has resulted
in a larger population with chronic articular cartilage injuries
and early degenerative disease and higher expectations with
respect to activity levels and recreational activities [3].

These active individuals are frequently resistant to and
dissatisfied with total knee arthroplasty as a long-term solu-
tion to their symptoms. In addition, survival rates for total
knee arthroplasty in very active individuals under the age of
55 years have historically been unsatisfactory [4, 5]. Many
of these patients may be candidates for osteotomy; however,
frequently these patients are also candidates for arthroscopic
debridement for symptomatic relief of pain and mechani-
cal symptoms without the risks and recovery associated with
osteotomy.

The etiology of osteoarthritis of the knee stems from a
myriad of causes, including traumatic, genetic, iatrogenic,
as well as idiopathic. Discerning the causative factors in
any given case may contribute to the prognosis after arthro-
scopic debridement [6–8]. In general, exacerbation of pain
and mechanical symptoms associated with injury to an
osteoarthritic joint will be associated with a better prognosis
after arthroscopic treatment than will other causes [9–11].
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Medicine, New England Baptist Hospital, Boston, Massachusetts

The pathology of osteoarthritis consists of a predictable
sequence of loss of articular cartilage accompanied by
changes in its cellular and acellular composition, ineffective
repair processes, and remodeling of subchondral and juxtaar-
ticular bone. In addition, there is also thickening of the joint
capsule, inflammation in the synovium, and bone cyst forma-
tion. The pain and symptoms associated with these changes
are frequently unpredictable as is the rate of progression,
which can complicate the outcome of arthroscopic debride-
ment for this disease [10, 12].

Numerous theories have been proposed to account for
the pain generators in the osteoarthritic joint and how
these might account for symptomatic improvement after
direct treatment. Various contributing factors include elec-
tromechanical influences on chondrocyte activity, changes
in humoral, synovial, and chemical factors within the
joint, immune response to proteoglycan and collagen
breakdown products within the synovium, altered joint
mechanics and irritation of unprotected subchondral bone,
meniscal pain, and the presence of inflammatory media-
tors and degradative enzymes within synovial fluid. Synovial
fluid in the osteoarthritic knee contains disproportionate con-
centrations of catabolized matrix proteins, interleukins, col-
lagenases, metalloproteinases, and numerous other enzymes
[13]. The presence of this altered biochemical milieu has
inspired many researchers to investigate the therapeutic
effects of arthroscopic lavage and its potential for symp-
tomatic improvement. However, the possibility of altering
or delaying the natural history of the disease in this manner
seems unlikely and remains controversial [6, 14].

History

Reports of arthroscopic treatment of the arthritic knee origi-
nate in the 1920s when Bircher reported on beneficial effects
of diagnostic arthroscopy [15]. Burman et al. reported on the
use of arthroscopic lavage of the knee in 10 patients with
osteoarthritis in the 1930s, reporting significant improvement
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in all patients [16]. Watanabe et al. later championed the use
of arthroscopic lavage in reducing symptoms of osteoarthritis
in the 1950s [17].

Following on the experimentation of Magnusun and
Pridie in open debridement of the knee, a number of inves-
tigators began exploring arthroscopic debridement and mar-
row stimulation techniques in the treatment of osteoarthritic
knee in the 1970s after numerous technologic advancements
in arthroscopic equipment. The use of arthroscopy as a
diagnostic tool in the assessment of the extent of cartilage
injury became widespread at this time, aiding in predict-
ing one’s candidacy for osteotomy or prosthetic replacement
[11, 18, 19].

In the past decade, a growing body of research has been
devoted to further defining the most appropriate indications
for arthroscopic interventions for osteoarthritis in large part
due to economic pressures and the fear that arthroscopy is
overused with little real benefit to a large subset of this pop-
ulation [9, 12, 20, 21].

Indications

Although it continues to be mired in controversy, the arthro-
scope remains a useful tool in the surgeon’s arsenal for the
treatment of the degenerative knee. Diagnostic arthroscopy
is frequently helpful in defining the extent of degenera-
tive changes in the younger patient with precocious arthri-
tis or when there is suspicion of multicompartment disease.
Planning of subsequent treatment from cartilage grafting to
unicompartmental or total joint arthroplasty is efficiently
accomplished in this manner. Concomitant cartilage or syn-
ovial biopsy also can be performed for subsequent diagnostic
and therapeutic interventions as well. Though frequently elu-
sive and frequently requiring an associated arthrotomy, loose
bodies associated with pain or mechanical symptoms may be
removed arthroscopically.

A number of studies have demonstrated discrepancies
between x-ray findings and arthroscopic evaluation in the
diagnosis of osteoarthritis. A significant number of patients
with debilitating knee pain (up to 33%) and preoperative x-
rays demonstrating joint space narrowing have been demon-
strated to have normal joint surfaces upon arthroscopic eval-
uation [22]. Lysholm et al., on the other hand, found that only
patients with Outerbridge IV [23] changes at arthroscopy had
preoperative radiographs consistent with osteoarthritis [18].

A number of retrospective studies have shown signifi-
cant benefit after arthroscopic treatment of unicompartmen-
tal osteoarthritis associated with mild degenerative changes,
normal alignment, and unstable meniscal tears [6–8, 24, 25].
Other studies have demonstrated poorer results in the setting
of malalignment associated with osteoarthritis [9, 24, 26].

Varus malalignment may impart a worse prognosis than that
of increased valgus [24]. Other risk factors associated with
a poor prognosis include severe or tricompartmental disease
and calcium pyrophosphate deposition [7, 13].

Critics of arthroscopic debridement would argue how
many patients go on to further surgery and total knee arthro-
plasty after arthroscopy and that theoretically some patients
might be made worse by removal of functional meniscal tis-
sue and cartilage. Indeed, partial meniscectomy may increase
the force transmitted across the articular surfaces of the
tibiofemoral joint by as much as 45% [27]. However, other
studies have failed to demonstrate a negative impact of
arthroscopy over time. In a retrospective study, Pearse and
Craig demonstrated that meniscal debridement did not has-
ten the progression of osteoarthritis to joint arthroplasty over
lavage alone [28].

The simple presence of a meniscal tear in the osteoarthritic
knee should not be used alone as an indication for arthro-
scopic intervention. Magnetic resonance imaging (MRI)
studies have demonstrated a 91% prevalence of meniscal
tears in knees with osteoarthritis compared with 76% in a
population of asymptomatic subjects. Furthermore, it has
been postulated that the torn meniscus is an infrequent source
of pain in the osteoarthritic knee [29]. However, there is
excellent evidence that traumatic tears in the osteoarthritic
knee associated with mechanical symptoms and appropriate
physical exam findings indicate a good candidate for arthro-
scopic treatment [9, 12, 26, 30].

Authors’ Preferred Surgical Technique

After the induction of general or spinal anesthesia in the
supine position, a tourniquet and leg holder are applied at
approximately the middle of the thigh. If the leg holder is
applied too distally, it may interfere with use of superior
portals when necessary, and, if applied too proximally, it
will prevent the appropriate counterforce when manipulating
the leg into varus or valgus for visualization of the medial
or lateral compartment. This is particularly important in a
degenerative knee where stiffness, joint space narrowing, and
capsular contraction may make visualization and instrumen-
tation of the compartments more challenging, requiring a bet-
ter mechanical advantage upon the extremity.

Prior to draping, the knee is sterile injected with 30
mL 0.5% Marcaine (Bupivacaine Hcl, AstraZeneca, London,
UK) with epinephrine for hemostasis and anesthesia. Use
of this technique has made the need for insufflation of
the tourniquet uncommon. The anterolateral portal is estab-
lished just lateral to the patella tendon in the soft-spot at
approximately the inferior pole of the patella. A vertical
or oblique incision is preferred, in the event that capsular
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Table 1 Outerbridge grading of chondral surface lesions

Grade I: Softening and swelling of cartilage (Fig. 1)
Grade II: Fragmentation and fissuring, less than 0.5-inch-diameter

lesion (Fig. 2)
Grade III: Fragmentation and fissuring, greater than

0.5-inch-diameter lesion (Fig. 3)
Grade IV: Erosion of cartilage down to exposed subchondral bone

(Fig. 4)

Fig. 1 Outerbridge grade I lesion

contracture or osteophytes in the intercondylar notch restrict
the mobility of the arthroscope, such that it can be raised
or lowered slightly to avoid these obstructions. The inci-
sion is carried through skin and capsule angled slightly into
the intercondylar notch. The blunt arthroscopic cannula is
inserted initially into the notch area with the knee flexed to
avoid injury to articular cartilage and then redirected into the
suprapatellar pouch as the knee is carried into full extension.

Routine diagnostic arthroscopy is then carried out. Visu-
alization of the suprapatellar pouch may reveal synovitis
common in degenerative conditions and cartilaginous loose
bodies. Routine synovectomy in this area is not typically car-
ried out. The facets of the patella and trochlea are visualized,
and grading of cartilage injury is noted using the Outerbridge
classification (Table 1; Figs. 1–4).

The arthroscope is then directed laterally over the trochlea
ridge and to the lateral gutter. Care must be taken in translat-
ing the arthroscope over the lateral edge of the trochlea as
a prominent osteophyte may be present in this area and the
scope may have to be levered to prevent cartilage damage of
fracture of osteophyte, potentially contributing to postopera-
tive pain. The scope is directed down the lateral gutter while
slightly retracting the arthroscope in order to avoid the lateral
synovial fold and then advanced into the area of the popliteal

Fig. 2 Outerbridge grade II lesion of the lateral femoral condyle. Note
probe used to estimate size of lesion

Fig. 3 Outerbridge grade III lesion of the patella

hiatus, a common hiding place for degenerative loose bodies.
While in the lateral gutter, femoral osteophytes may be visu-
alized as well as the peripheral aspect of the mobile lateral
meniscus (Fig. 5). Peripheral lateral meniscal tears or sub-
luxated flaps of torn meniscus may be visualized in this area
along with synovitis adjacent to painful tears.

If the trochlea cannot be gently negotiated, the scope
should be redirected carefully down the middle of the
trochlea while visualizing the articular cartilage into the
medial compartment or intercondylar notch area.
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Fig. 4 Outerbridge grade IV lesion of the medial femoral condyle

Fig. 5 Visualization of lateral gutter demonstrates intact peripheral
rim of the lateral meniscus and popliteus hiatus in the background. Note
early osteophyte formation on the lateral femoral condyle

The scope is then redirected into the suprapatellar pouch
and across to the medial gutter. The articular cartilage of the
medial femoral condyle is carefully traced and visualized as
the scope is directed into the medial compartment (Fig. 6). A
gentle valgus stress is applied to the knee in midflexion for
visualization of the medial compartment. The anteromedial
portal is then established for insertion of a probe.

The authors’ technique for establishing the anterome-
dial portal allows for minimal violation of the joint cap-

Fig. 6 Tracing the arthroscope down the medial femoral condyle
demonstrates intact articular cartilage and medial osteophyte formation

sule and minimizes the potential for iatrogenic articular car-
tilage injury. A 17-gauge spinal needle is placed through the
skin anteromedially and into the medial compartment of the
knee under direct vision. Advancing a small-bore hypoder-
mic needle while instilling local anesthetic helps determine
the proper orientation prior to inserting the spinal needle. A
skin incision but no formal arthrotomy is made. The stylet
from the spinal needle is removed, and a flexible wire is
passed through the needle and into the joint. Once proper
positioning of the needle and guide wire have been con-
firmed, the needle is removed and a cannulated switching
stick is placed over the guide wire to provide gentle dilation
of the needle arthrotomy (Fig. 7). The switching stick may
then be removed and exchanged for a small cannula, which
is passed over the guide wire. The guide wire can then be
removed, and arthroscopic probe is introduced through the
cannula (Fig. 8).

A shaver or arthroscopic punch also can be inserted atrau-
matically using this technique (Figs. 9 and 10). After removal
of the switching stick, the inner shaving portion of an arthro-
scopic shaver is disengaged from its outer barrel. The outer
barrel is then placed over the guide wire and the guide wire
removed. The inner shaver is then reassembled with the
barrel, and arthroscopic debridement is commenced. A sim-
ilar technique of cannulation using the outer barrel of an
arthroscopic shaver has been described by Shen and Meis-
lin for use in hip arthroscopy [31].

The medial meniscus is probed on its superior and inferior
surface, and tears are identified. Frequently adjacent chon-
dral injury/degeneration is also present. Horizontal cleavage
and complex tears are common in the degenerative knee.
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Fig. 7 Serial dilation of medial portal is initiated over a cannulated
switching stick

Fig. 8 Larger arthroscopic cannula is placed over switching stick

The minimum resection of meniscus that results in a sta-
ble peripheral rim should be resected (Fig. 11A–C). The
authors’ preference is to use a 4.5mm full radius shaver,
as the degenerative meniscus is often firm and rubbery and
resistant to debridement with less aggressive instruments.
Arthroscopic punches are useful for initiating the resection at
the apex of the tear followed by the shaver. Horizontal tears
are approached by debriding the more unstable flap of menis-
cus, frequently the inferior aspect, with preservation of the
remaining tissue if stable (Fig. 12A–C). Occasionally, syn-
ovitis may be detected at the menisco-synovial junction asso-
ciated with a tear (Fig. 13A, B). Gentle synovectomy may
be performed (Fig. 13C); however, care should be taken, as
overaggressive synovial debridement may lead to a painful
postoperative hemarthrosis. Care is taken to pass a probe
under the meniscus in the vicinity of the tear and over the

Fig. 9 Arthroscopic shaver is atraumatically introduced over switching
stick

Fig. 10 Arthroscopic punch is inserted atraumatically through large
medial cannula

edge of the tibia, as a flap of torn tissue may sublux medial
to the joint, resulting in failure of the procedure if left unde-
tected. Unstable flaps of articular cartilage may be the source
of mechanical symptoms and should be debrided back to a
stable rim to prevent further propagation. Only the minimum
amount of articular cartilage is resected.

The intercondylar notch is then inspected, and the anterior
cruciate ligament (ACL) is probed. If a loose body is sus-
pected or if there is interest in decompression of an arthritic
popliteal cyst, the arthroscope can be directed under the
superior aspect of the posterior cruciate ligament (PCL) just
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a b c

Fig. 11 (A, B) Unstable tear of the medial meniscus associated with Outerbridge grade II changes of the medial femoral condyle. (C) Image
taken after debridement of unstable meniscal fragments to a stable rim of the medial meniscus

lateral to the medial femoral condyle and with modest force
directed into the posterior aspect of the knee. Frequently, the
arthroscope must be replaced with the tapered blunt stylus to
pass into this area.

The arthroscope is then directed lateral to the lateral tibial
spine, and the limb is taken into a figure-of-four position so
that the lateral compartment may be visualized. Preservation
of as much healthy lateral meniscus as possible is paramount
to the maintenance of normal knee kinematics. Visualization
of the anterior horn of the lateral meniscus may be challeng-
ing from the anterolateral portal, and, if a tear is suspected
in this area, visualization may be improved from the medial
portal.

Finally, attention is returned to the patellofemoral joint,
where debridement of unstable flaps of cartilage may
improve mechanical symptoms.

Rehabilitation

Patients are mobilized weight-bearing as tolerated immedi-
ately with crutches to wean as tolerated, and active range
of motion exercises are begun upon discharge. Patients are
instructed in quadriceps strengthening exercises to be per-
formed daily. Deep venous thrombosis (DVT) prophylaxis
includes aspirin daily, and T.E.D Covidien (Mansfield, Ma).
stockings are encouraged for 1 month after the procedure.
Patients are seen at 2–3 weeks postoperatively to review
arthroscopy findings and discuss prognosis. Patients with
extensor lag, quadriceps atrophy, or limited range of motion
are referred for formal outpatient physical therapy. Patients
should be counseled that maximal improvement in symptoms
may not be experienced until 3–4 months postoperatively.

a b c

Fig. 12 (A) Degenerative horizontal cleavage tear of the posterior horn
of the medial meniscus associated with Outerbridge grade II changes of
the medial femoral condyle and grade III changes of the tibial plateau.

After debridement of the unstable inferior flap of the tear, the (B) supe-
rior and (C) inferior surfaces of the meniscus are probed and inspected
to ensure that debridement is complete
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Complications

Complications after arthroscopic knee surgery are fortu-
nately rare and include hemarthrosis, infection, throm-
boembolic disease, nerve injury, reflex sympathetic dystro-
phy, osteonecrosis, and ligament injury [32, 33]. The most
common complication in the degenerative knee is that of
recurrent pain and swelling secondary to underlying
osteoarthritis with eventual progression to and the need for
total knee replacement. Based on the available literature, this
can be anticipated in at least 10% of this population by 2
years postoperatively [9, 12, 20, 21, 26, 30]. Though uncom-
mon, spontaneous osteonecrosis can be a quite disturbing
outcome after this procedure, with severe unrelenting pain
and a decline in function that is frequently worse than the
patient’s preoperative symptoms. Because of the potential for
this and other negative outcomes, it is important to counsel
patients that, whereas the procedure is low risk, there is a
small chance of worsening symptoms after the procedure.
In addition, pain that does not improve in 6 weeks warrants
repeat MRI scan to rule out post-arthroscopy osteonecro-
sis, which may benefit from a period of protected weight-
bearing [33].

There is significant concern for thromboembolic disease
in this frequently older population, many with concurrent
underlying venous insufficiency. Fortunately, the incidence
of symptomatic DVT and pulmonary embolism (PE) remains
quite rare. Investigations into the rate of symptomatic DVT
after arthroscopic procedures have demonstrated a rate of
approximately 0.5%. Studies using ultrasonography or other
imaging modalities at a set interval postoperatively indicate
a rate of up to 17%, most of which are asymptomatic and
localized to the calf [34].

Results

The results of arthroscopic debridement for internal derange-
ments of the knee in the setting of osteoarthritis have been
mixed but mostly favorable at short-term and intermediate-
term follow-up in the literature. Harwin reviewed the results
of arthroscopic debridement in 204 knees with osteoarthritis.
At an average of 7.4 years follow-up, he found significantly
better results in patients with a more normal mechanical
alignment, including satisfactory results in 84% of patients
with normal alignment. Older age and previous surgery were
also risk factors for a poorer outcome [26]. In a retrospec-
tive review of 36 patients undergoing arthroscopic debride-
ment, Fond et al. demonstrated improvements in pain and
function (by hospital for special surgery (HSP), New York,
N.Y. knee scores) in 88% at 2 years and in 69% at 5 years.
Risk factors for failure of arthroscopic debridement included
a greater preoperative flexion contracture and a lower
preoperative HSS score [30]. Whereas a number of retrospec-
tive studies like these have demonstrated significant benefit
for arthroscopic debridement of the osteoarthritic knee, most
are lacking validated outcomes scores for pain and function.

Other intermediate-term studies have demonstrated poorer
results for arthroscopic debridement in osteoarthritis. Dervin
et al. prospectively evaluated 126 patients undergoing arthro-
scopic meniscal and chondral debridement using Western
Ontario and McMaster Osteoarthritis Index (WOMAC), The
SF-36 is a multi-purpose, short-form health survey with
only 36 questions (SF-36) and SF-36: 44% were rated as
having had a clinically important reduction in pain, by the
WOMAC pain scale, at 2 years. Physicians were poor at pre-
dicting which patients would improve. Three variables were
significantly associated with improvement after arthroscopic

a b c

Fig. 13 (A) Degenerative tear of medial meniscus associated with
chondrocalcinosis and Outerbridge grade III changes of the medial
femoral condyle and medial plateau. (B) Note inflamed synovium at

the posterior apex of the tear. (C) After debridement of meniscus and
synovium, patient had improvement in pain and mechanical symptoms
for more than a year postoperatively
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debridement: the presence of medial joint-line tenderness,
a positive Steinman test, and the presence of an unstable
meniscal tear at arthroscopy [12]. Other longitudinal stud-
ies of administrative data sets have demonstrated that 18.4%
of 6,212 Canadian patients undergoing arthroscopic debride-
ment underwent total knee replacement (TKR) within 3
years [21]. In a prospective randomized study of arthroscopic
debridement in a population of veterans with osteoarthritis,
Moseley et al. demonstrated no benefit to debridement over
placebo surgery [20]. These results have remained controver-
sial as patients were not excluded based on previously known
risk factors for poor outcome such as malalignment and sig-
nificant joint contracture.

More recently, Aaron et al. reviewed the results of arthro-
scopic debridement in a consecutive group of 110 patients
with osteoarthritis at a mean 34 months postoperatively. They
found that 90% of patients with mild arthritis, normal align-
ment, and joint space >3 mm had significant improvement in
Knee Society pain scores when compared with patients who
had evidence of severe arthritis, malalignment, and a joint
space <2 mm (25% improved). The severity of the articu-
lar lesion as graded intraoperatively was also predictive of
outcome [9].

In the authors’ experience, arthroscopic debridement and
lavage provide short- to intermediate-term symptomatic
improvement to the majority of patients with pain and
mechanical symptoms associated with meniscal tear in the
setting of mild osteoarthritis. The results are generally bet-
ter in younger patients with normal alignment, a recent his-
tory of trauma or injury, and a shorter duration of symptoms.

Absolute contraindications include severe or multicompart-
mental disease, malalignment of more than 3–5 degrees from
the mechanical axis, the absence of mechanical symptoms
or joint-line tenderness, and significant joint contracture or
stiffness.

Clinical Pearls/Summary

Use of arthroscopy in the management of the osteoarthritic
knee remains controversial. Careful patient selection is
paramount to good results and improvement in patient
satisfaction. In the appropriate patient with osteoarthri-
tis, arthroscopy can result in sustained relief of pain and
improvement in mechanical symptoms and activity levels.
Risk factors for poor results include severe disease, contrac-
tures, malalignment, and the absence of mechanical symp-
toms, a history of injury, or joint-line tenderness.

Operative technique should emphasize avoiding any fur-
ther injury to articular surfaces, which may hasten the pro-
gression of disease. Unstable meniscal tears and loose flaps
of cartilage are debrided; however, aggressive chondroplasty
and use of marrow stimulation techniques should be avoided
in patients with significant osteoarthritis. Particular attention
is paid to subluxated flaps of meniscal tissue, which can be
a source of persistent pain if undetected. The role of joint
lavage is unknown but seems unsupported by the current
body of literature.

Case Report

Case 1

Chief Complaint and Patient History: A 55-year-old active woman with a history of mild osteoarthritis of both knees
presented 8 weeks after a mild twisting injury to the left knee, complaining of progressive medial-sided knee pain associated
with episodes of swelling, buckling, and occasional locking sensation.

Physical Exam: Physical exam demonstrated a trace effusion, medial joint-line tenderness, and pain with deep flexion.
Lachman test and ligamentous examination was negative.

Imaging: Radiographs (Fig. 14A) reveal mild medial compartment narrowing on both knees, which was worse on the
right than on the left. MRI scans (Fig. 14B, C) show degenerative changes and chondromalacia present in the medial
compartment associated with degeneration and tear of the medial meniscus.

Surgery/Treatment: Arthroscopy was performed, initially demonstrating Outerbridge grade III changes in the medial
compartment (Fig. 14D). Probing of the medial meniscus demonstrated subluxation of torn fragments of the medial menis-
cus, which were freed with the probe and debrided (Fig. 14E, F). Probing of the tibial surface and meniscus demon1strates
Outerbridge grade IV lesion under the stable rim of the medial meniscus (Fig. 14G). After arthroscopy, the patient had
complete relief of mechanical symptoms and dramatic improvement of her pain and remains satisfied 2 years after the
procedure.
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c

a b

Fig. 14 Case 1. (A) Anteroposterior radiographs of the knees demonstrate mild medial compartment narrowing of both knees, with minimal
degenerative changes. (B, C) MRI scans shows horizontal cleavage tear of the medial meniscus associated with articular cartilage degeneration
and reactive bone edema. (D) Initial arthroscopic view of the medial compartment shows Outerbridge grade III fibrillation of articular cartilage
of the femur and tibia. Torn meniscus is initially not apparent. (E) Probing of articular side of the medial meniscus reveals subluxated flap of
torn meniscus. (F, G) Resection of unstable flaps of the medial meniscus back to stable rim reveals Outerbridge grade IV changes on the tibial
plateau
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Fig. 14 (continued)
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Current Concepts in Articular Cartilage

Brian P. McKeon

Introduction

The treatment of articular cartilage (AC) lesions remains
controversial. Studies have documented a significant inci-
dence of these defects [1–3]; however, progression of chon-
dral defects and necessity of treatment are widely debated.
Certainly, symptomatic, full-thickness AC lesions are chal-
lenging to treat. Additionally, there is very little evidence-
based medicine that argues for one treatment method over
another. However, over the past decade, there has been a
tremendous surge of interest in AC. The International Car-
tilage Repair Society (ICRS) began in 1997 and has pro-
vided a forum to allow clinicians and basic scientists to
share expertise and develop ground-breaking concepts. In
the past decade, our basic science knowledge has improved
exponentially, thus laying the foundation for strategic clin-
ical concepts. With the addition of biological scaffolds and
gene therapy techniques, the future holds many promises for
patients with a symptomatic AC defect.

Since Hunter realized more than 250 years ago that AC is
a “troublesome thing and once destroyed, it is not repaired”
[4], surgeons have sought for methods to restore or regener-
ate AC, more properly termed hyaline AC. It is well estab-
lished that AC has no blood supply and thus cannot “heal”
itself. This very simple and basic principle is the sole rea-
son that true hyaline AC has not been replicated. Hunter was
correct: once AC is lost, it is gone forever. Partial-thickness
chondral defects are generally not symptomatic [5]; how-
ever, there is concern for lesion propagation. Full-thickness
chondral defects, however, can be symptomatic, and there
is evidence that these defects do further degenerate [6, 7].
The purpose of this chapter is to review the basic science
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of AC and to discuss various treatment options for chondral
defects in the knee.

Basic Science

Matrix Composition

Hyaline AC is described as a biphasic material composed
of a solid matrix and a water fluid phase. The major struc-
tural components of AC are water, collagen, proteoglycan,
and chondrocytes. AC has no vascular, neural, or lymph sup-
ply and, hence, the inability to mount an immune or vascular
response. Water constitutes approximately 70% to 80% of
the total volume of AC. Collagen accounts for 10% to 20%
of the total weight of AC, and type II collagen is the princi-
ple form in the matrix. In fact, the presence of type II colla-
gen distinguishes hyaline AC from the various repair tissues
that contain mostly type I collagen. Collagen fibrils are the
predominant matrix component that resists tensile forces and
forms a large mesh that serves to secure the large proteogly-
can aggregate molecules (Fig. 1) [8].

Proteoglycans account for 4% to 7% of the total weight of
AC. Aggrecan is the principle proteoglycan, which is com-
posed of hydrophilic carboxyl and sulfate chains that project
off a protein core. The protein core is attached to a hyaluronic
acid chain that forms the “backbone” of the huge aggrecan
molecule (Fig. 2). This construct produces a matrix-fixed
negative charge that attracts the positive charge of water. The
high proteoglycan affinity for water trapped in the mesh of
collagen produces a swollen tissue that can support signifi-
cant loads [9].

The only cell type in AC is the chondrocyte, which
accounts for less than 3% of the total volume of AC. The
chondrocyte is responsible for matrix production and func-
tions differently depending on what zone it is located in
[10]. Because of the dense matrix, there is little cell-to-
cell contact; however, the flow of synovial fluid throughout
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Fig. 1 Basic cartilage meshwork configuration
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Fig. 2 The huge aggrecan molecule that has abundant nega-
tively charged sulfate molecules that attract positively charged water
molecules. This affinity for water combined with a tight meshwork pro-
vides the “charged” hyperhydrated sponge described in the text

the matrix in response to joint load provides a chemi-
cal and mechanical environment to which the chondro-
cyte responds. In fact, chondrocyte survival depends upon
this mechanoelectrical matrix environment, which stimulates
growth factor production, paracrine effects, and electrostatic
forces [11–14]. Hyaline AC cannot survive without viable
chondrocytes.

AC Structure

Adult AC is 2–4 mm in thickness and is organized into three
zonal layers supported by a fourth calcified basement mem-
brane layer (Fig. 3). The superficial, transitional, and deep
zones feature unique chemical and biomechanical features
that allow AC to sustain 1–4 megapascals (MPa) of force up
to 2 million times per year [14].

The superficial zone is covered by the lamina splendens,
which is composed of a thin surface of collagen fibers that
help to protect the deeper zones from shear forces. The chon-
drocytes are flattened with high collagen and water content

in this zone, whereas the proteoglycan content is low. The
superficial shear forces are encountered by the transitional or
middle zone, which prepares the deeper zone for compressive
forces. The chondrocytes are spherical in appearance, and the
collagen is obliquely oriented in a crossing pattern. There is
less water but greater proteoglycan in this layer. The deep
zone consists of round chondrocytes in columns supported by
vertical collagen bundles designed to resist the compressive
loads present in the deeper layers of AC. Lastly, the calci-
fied zone acts as a biological glue, attaching the collagen-rich
deep zone to the subchondral bone. The tidemark is between
the deep zone and the calcified layer and is designed to sup-
port deep shear forces with collagen fibers arranged parallel
to the AC surface.

Biomechanics

AC exhibits a viscoelastic property that allows the tissue to
respond to stress based on the rate of loading. For instance,
while walking, AC responds in a more viscous manner; how-
ever, while running, AC can respond in a more protective
elastic manner. The cartilage matrix is hyperhydrated and
essentially acts like a mechanical sponge that allows for
absorbing tremendous compressive forces [14]. The huge
proteoglycan macromolecules confer a high fixed-negative
charge, and, therefore, AC has a very high affinity for
water [15]. The collagen fibrils secure the large proteoglycan
molecules in a tightly woven arcade that then “traps” water.
This intact macromolecular arrangement with high affinity
for water is why intact AC can sustain tremendous com-
pressive loads. The fixed-negative charge not only affects
the mechanical behavior of AC but also the electrical envi-
ronment by “charging” the tissue. A charged tissue always
supports a larger load than does the same uncharged tis-
sue [16]. Hence, the dynamic compressive loading of AC
generates a mechanoelectrical environment that influences
cartilage biosynthesis and repair and modulates chondro-
cyte activity [17]. This knowledge allows the clinician to
understand the significant biomechanical issues with partial-
thickness AC lesions and to consider a breakdown in the col-
lagen/proteoglycan matrix interaction and, hence, the loss
of ability to contain water effectively. This structural loss
of integrity is likely the reason for further deterioration and
lesion propagation.

Incidence/Natural History

In a retrospective review of 31,516 arthroscopies, Curl
et al. found that 19,827 (63%) had a chondral defect [18].
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Fig. 3 The zonal layers of articular cartilage. (From Alford JW, Cole BJ. Cartilage restoration. Am J Sports Med 2005;33:295. Copyright © 2005
American Orthopaedic Society for Sports Medicine. Reprinted by permission of SAGE Publications, Inc.)

Full-thickness articular lesions were noted in 5,988 (19%)
patients. Aroen et al. reported 11% full-thickness defects in
a review of 993 arthroscopies [19]. Villalobos et al. docu-
mented a 61.4% prevalence of articular damage in a review
of 1,309 arthroscopies. The mean age of patients was 37.3
years, and 73.8% of the lesions presented as ICRS grade 3
or 4 [3].

Although AC lesions are quite prevalent, the documen-
tation of lesion progression is limited. Moreover, there
is no evidence to support treating asymptomatic lesions,
regardless of the size. However, Sahlstrom et al. [20]
documented 100% progression of radiographic osteoarthri-
tis once Ahlback stage II (>50% joint space narrowing)
was reached. Earlier stages, including Ahlback 0 (sclero-
sis and preserved joint space) and Ahlback stage I (50%
joint space narrowing), showed 57% and 61% progression,
respectively.

Messner and Maletius [21] followed 28 patients with iso-
lated unicompartmental lesions after surgical debridement
for 14 years. Interestingly, despite most patients demon-
strating progressive radiographic abnormalities, 22 of the
28 had good or excellent results at long-term follow-up. In
a 33-year follow-up of untreated knee osteochondritis dis-
secans, Linden reported that only 2 of 23 (9%) patients
with open growth plates at the time of diagnosis had
radiographic progression, whereas 81% of mature patients
revealed progression at last follow-up [22]. It appears that
the larger the defect and the more advanced the degen-
erative changes are, the greater the likelihood of progres-
sion [23, 24]. Additionally, ligamentous or meniscal injury
can accelerate and magnify the progression of chondral
damage [25, 26].

Classification of AC Lesions

Thorough documentation and grading of chondral lesions are
necessary for treating patients with AC defects. The sim-
plest scale was described by Outerbridge [27] in 1960 from
direct observation of damaged patellas during arthrotomy
(Fig. 4A–D). Although widely accepted, the Outerbridge
grading system has size, depth, and lesion locale descriptive
limitations. Other classification systems have been proposed
[28, 29]; however, the ICRS grading system recognizes the
importance of subchondral osseous involvement and is the
most comprehensive (Fig. 5) [30].

Imaging

Standard radiographs including weight-bearing long align-
ment films are essential when evaluating a patient with a
symptomatic chondral defect. Current magnetic resonance
imaging (MRI) techniques have a high sensitivity for cru-
ciate and meniscal injury; however, there are limitations
evaluating AC. Partial-thickness lesions are particularly dif-
ficult to detect [31–33]. Potter et al. [33] reported an 87%
sensitivity and a 94% specificity in detection of AC chon-
dral defects using a specialized proton-density-weighted,
fast-spin-echo sequence. These findings were confirmed by
arthroscopy; however, the surgeons had access to the MRI
reports at the time of surgery. Table 1 depicts the ICRS-
recommended MRI protocols, which emphasize fast-spin-
echo sequences [33].
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Fig. 4 Arthroscopic representation of the Outerbridge classification defined by four grades: (A) grade I, intact soft cartilage; (B) grade II, partial-
thickness lesion <1.5 cm; (C) grade III, partial-thickness lesion >1.5 cm; (D) grade IV, exposed bone

Conventional MRI is insensitive in detection of early
chondral changes [31–34]. The increase in water and loss
of matrix equilibrium, for instance, are not necessarily
detected. The concept of molecular imaging in which a con-
trast agent diffuses into the AC and allows for calculation
of the fixed-charge density (by calculating macromolecular
quantity) [35] has gained increased interest. This particu-
lar technique, called delayed gadolinium-enhanced magnetic
resonance imaging of articular cartilage (dGEMRIC), is a
validated technique to calculate the quantity of AC proteo-
glycan content and, hence, fixed-charge density. This tech-
nique may be particularly useful in evaluating and follow-
ing various cartilage repair techniques, efficacy of therapeu-
tic approaches such as chondrosupplements, and the impact
of exercise and injury [36, 37]. For instance, serial evalua-
tions of autologous chondrocyte transplanted defects demon-
strated increased and normalized proteoglycan content and,
hence, one can infer a functioning tissue-engineered chon-
drocyte [38].

Patient Evaluation with Symptomatic
AC Defect

Initial consultation of a patient with a suspected or con-
firmed AC defect is the most important portion of the treat-
ment cycle. Inquiring about the “chief complaint” and com-
pleting a thorough history and physical can provide subtle
information such as true time frame of symptoms, a forgot-
ten injury, or even an old radiograph that was taken years
prior. Initial evaluation of a workers’ compensation patient
can be difficult, particularly assessing appropriate causal-
ity to the work injury. Focusing on the clinical presentation
and allowing the patient to describe his or her complaints
can give the clinician a real sense of the patient’s disability.
All prior surgeries should be discussed, and review of old
records including operative reports, photographs, and even
video clips is invaluable. Often, a simple arthroscopic pho-
tograph can summarize years of pain and multiple surgeries
(Fig. 6).
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Fig. 5 ICRS grading system for chondral defects. (Reprinted with kind authorization of the International Cartilage Repair Society [ICRS].
Copyright © ICRS.)

The physical can often be quite normal and may only be
related to weight-bearing activity. Examination for effusion,
muscular atrophy, multiplanar stability, crepitus, alignment,
and precise region of pain is mandatory. Standard radio-
graphs including a weight-bearing posterior-anterior view
at 45 degrees can be helpful to evaluate the region where
condylar defects most commonly occur [39]. Hip-knee-ankle
weight-bearing radiographs followed by precise measure-

ment of the mechanical axis must be performed if alignment
is a concern on initial evaluation. MRI with cartilage spe-
cific sequences [40] is necessary, and these scans should be
compared with old images if possible. MRI can provide loca-
tion of defect(s) and extent of bone involvement. Regard-
less of the AC restorative procedure used, it simply will
not endure without intact ligaments and supporting menis-
cus (Fig. 7). Cruciate and collateral ligament reconstructive
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Table 1 ICRS recommended MRI protocol for articular cartilage

Fast Spin Echo (FSE)

Proton-density-weighted FSE with fat saturation

TR: 3,000 (adjust to number of slices)
TE: 22–30 eff
ETL: 5–8
FOV: 14 cm
Slice thickness/gap: 3.5/0.5 mm
Matrix: 512 × 256
NEX: 2
Frequency direction: S/I coronal, A/P sagittal, A/P axial

Proton-density-weighted FSE without fat saturation

TR: 4,000
TE: 43
ETL: 7
FOV: 14 cm
Slice thickness/gap: 3/0 mm
Matrix: 512 × 256
NEX: 2
Frequency direction: S/I coronal, A/P sagittal, A/P axial

T2-weighted FSE with or without fat suppression

TR: 4,500
TE: 80
ETL: 8
FOV: 8 cm
Slice thickness/gap: 3.0/0 mm
Matrix 512 × 256
NEX: 2
Frequency direction: S/I coronal, A/P sagittal, A/P axial

T1-Weighted Gradient Echo

Gradient echo with fat suppression

TR:40–60
TE: 5
Flip angle: 40
FOV: 14 cm
Matrix: 256 × 160
Slab: 96 cm
Partitions: 64
NEX: 1

Gradient echo with water excitation

TR: 30
TE: 10
Flip angle: 30
FOV: 14
Slab: 96 cm
Matrix: 256 × 160
NEX: 1
Partitions: 64

Source: Reprinted with permission from the International Cartilage
Repair Society (ICRS).
TR, repetition time; TE, echo time; ETL, echo train length; FOV,
field of view; NEX, number of excitations eff, effective; S/I, superior
inferior; A/P, anterior posterior.

Fig. 6 Patient presented to the author’s clinic complaining of an unsta-
ble, painful knee. Exam and photos from a recent surgery confirmed a
varus anterior cruciate ligament (ACL)-deficient knee with no medial
meniscus. Patient was postoperative microfracture with immediate WB.
Instability, mechanical alignment, absent meniscus, and rehabilitation
are important factors that must be addressed for successful AC resur-
facing

Fig. 7 This patient presented to the author’s clinic status
postarthroscopy with subtotal medial meniscectomy and microfracture
of a large femoral chondral defect. The patient underwent a revision
microfracture of a large defect combined with meniscal allograft trans-
plant. The repair tissue has a much greater opportunity to mature with
meniscal support

surgeries are relatively straightforward. Meniscal transplan-
tation can be chondroprotective, and improved techniques
have simplified this procedure [41]. Realignment surgery can
be staged or be performed at the time of AC resurfacing. In
general, AC-resurfacing patients do not have arthritic knees;
hence, no exact guidelines have been agreed upon for ideal
femoral-tibial postoperative alignment. However, most agree
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Fig. 8 (A, B) Anteromedialization osteotomy of the tibial tubercle will
unload a lateral trochlear defect, which, in this case, was treated with
microfracture

that any significant malalignment should be treated with
an unloading osteotomy [42–44]. The author believes that
the postoperative mechanical axis should measure at least
through the opposite joint downsloping tibial spine.Patella-
femoral malalignment should be corrected with a tibial tuber-
cle osteotomy to redistribute forces across the patellofemoral
joint as well as to unload resurfaced patella or trochlear chon-
dral defects (Fig. 8A, B) [45–47].

Cartilage Restoration Treatment Options

Arthroscopic Lavage and Debridement

More than 60 years ago, Magnusson [48] described the bene-
fits of knee joint debridement to alleviate arthritic symptoms.
With the advent of arthroscopy, Jackson et al. [49] became
a proponent of arthroscopic debridement for the treatment
of a symptomatic arthritic knee. The concept entails remov-
ing impinging osteophytes, inflamed synovium, and loose
chondral debris. Hubbard [50] reported a 5-year prospec-
tive follow-up on 76 knees treated with arthroscopic debride-
ment. Two groups were randomized and treated with either
debridement or lavage. At 1 year, the debridement arm
showed 80% pain-free compared with the lavage arm with
20% relief. More importantly, at 5 years the results dete-
riorated. Other clinical trials have shown both debridement
[51, 52] and lavage [53] result in significant improvements
in knee symptoms when compared with results in nonopera-
tive controls. However, no long-term benefit can be expected
from arthroscopic debridement and lavage, specifically when
there are no localized mechanical symptoms [54]. A painful
arthritic knee with a clear history of mechanical complaints

including locking or catching and persistent synovial effu-
sions has the indications for arthroscopic debridement, chon-
droplasty, and synovectomy of the arthritic knee.

Surgical Technique

Standard arthroscopic setup and technique are used (see
Chapter 1). Marcaine (Bupivacaine HCL, AstraZeneca
(London, UK)) with epinephrine is injected prior to tourni-
quet elevation. The arthritic knee is often stiff,

and, therefore, local anesthesia with sedation is not recom-
mended. Maximum relaxation with general or spinal anes-
thesia allows for more control and easier access. Gravity
or more preferably a pump is used for inflow established
through an initial anterolateral portal. A large superolateral
or superomedial outflow is helpful for irrigation of debris.
Liberal use of accessory portals allows access to tight areas
and removal of loose bodies. A variety of shavers, burrs, and
radiofrequency (RF) wands is available to ensure access to
all compartments.

All three compartments are systematically reviewed and
treated. Unstable chondral flaps and impinging synovium
are addressed with a shaver. RF treatment of articular car-
tilage is not recommended. Only osteophytes that contribute
to loss of motion or impingement of soft tissue should be
resected. Excessive removal of osteophytes and diffuse abra-
sion arthroplasty can contribute to postoperative hematoma
and a painful, prolonged recovery. Unstable degenerative
meniscus tears should be resected conservatively. Meniscal
tissue preservation is of utmost importance while treating the
arthritic knee. The knee is irrigated and reinjected with Mar-
caine with epinephrine, and portals are closed. A compres-
sive wrap is applied and tourniquet is deflated.

Postoperative Care/Rehabilitation

Initially, partial weight-bearing (PWB) is recommended
with progression to full weight-bearing (FWB) as tolerated.
Aggressive cryotherapy and supervised physical therapy are
initiated usually by postoperative day 3. Swelling reduction,
muscle activation, and gait training are the initial goals, fol-
lowed by progressive resistive exercises. Overzealous reha-
bilitation can precipitate a significant postoperative flare in
this patient population. Therefore, communication with the
rehabilitation team is critical. Providing surgical pictures, a
video, and an operative report allows the therapist to structure
a specific program for the patient. Occasionally a postopera-
tive cortisone injection can help a persistent synovitis.
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Case Report

Case 1: Lavage/Debridement

Chief Complaint and Patient History: The patient is a 45-year-old man who is an office worker and who presents for
medial pain and swelling of his left knee. He underwent arthroscopy 8 years prior for a “cartilage” problem. The joint
occasionally swells, especially with athletics. Over the past several months, his pain has increased, affecting activities of
daily living. He received a cortisone injection from his primary-care physician 3 months ago with little relief.

Physical Exam: The patient is 6′0′′ tall and weighs 250 lb. There is minor crepitus with passive flexion and extension
and a small effusion. He has normal alignment and range of motion. Ligaments are stable, and he has equivocal meniscal
signs. Deep anteromedial discomfort is evident with palpation of the hyperflexed knee.

Imaging: See Fig. 9A, B.

a b

Fig. 9 (A, B) MRI scans demonstrates cartilage defect of medial femoral condyle (MFC) with associated bony edema. A small medial meniscal
tear may be present

Surgery/Treatment: The patient underwent arthroscopic partial meniscectomy, with chondroplasty of chondral ICRS
grade 3C defect (Fig. 10A, B).

a b

Fig. 10 (A, B) Arthroscopic views demonstrate cartilage wear of medial femoral condyle. A chondroplasty was performed with partial medial
meniscectomy
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Postoperative Care/Follow-Up: The patient progressed well with physical therapy. He returned to work on postopera-
tive day 3 to a desk position. Remaining postoperative care was relatively benign; however, patient continued to complain
of medial pain with impact activities. Weight loss and strengthening was recommended. Patient was well versed in the
surgical treatment of cartilage injuries. We discussed arthroscopic microfracture and associated rehabilitation. The patient
found the rehabilitation for this procedure to be too demanding and requested not to have this procedure.

Marrow Stimulation

The concept of penetrating the subchondral bone to allow
for release of blood, growth factors, and mesenchymal cells
into the chondral defect was popularized by Pirdie more than
50 years ago [55]. The “super clot” generated consists of a
mixed fibrous repair with type I collagen that matures over
a 12- to 16-month time frame [56]. This so-called repair
cartilage does not have the structural, physiochemical, or
biochemical properties of hyaline AC with a type II col-
lagen framework (Fig. 11A, B) [57, 58]. Abrasion arthro-
plasty, subchondral drilling, and microfracture are the three
described techniques used to penetrate the subchondral bone.
Abrasion arthroplasty uses a motorized burr to remove 1–
3 mm of subchondral bone. Excessive trauma to the under-
lying bone and thermal necrosis can potentially be more
destructive than helpful [59]. Resecting a consistent amount
of bone can be challenging, and the author does not recom-
mend this technique. A motorized smooth wire is used to per-
form subchondral drilling. Because of poor access and ther-
mal necrosis concerns, drilling is no longer recommended
as well. The microfracture technique developed by Stead-
man et al. [60] is the current preferred marrow-stimulation
method. Arthroscopic tapered awls perforate the subchondral
bone (Fig. 12).

Steadman et al. reported microfracture outcomes with an
average 11-year follow-up [61]. Eight percent of patients
reported continued improvement at 7 years. Patients younger
than 35 years had improved Tenger, Western Ontario and
McMaster Universities Osteoarthritis Index, Lysholm, and
Short Form-36 scores compared with those of the older
cohorts in this series. Mithoefer et al. [62] recently reported a
prospective evaluation of 32 athletes treated with microfrac-
ture. The mean age was 38 years, and the patients had reg-
ularly participated in high-impact, pivoting sports prior to
articular cartilage injury. At 2-year minimum follow-up, 21
(66%) patients reported good to excellent results on the Brit-
tberg scale. They concluded that lesions under 200 mm2,
preoperative symptoms of less than 1 year, and an age of
under 40 years are the ideal indications for the microfrac-
ture technique. Kreuz et al. [63] reported similar conclusions
in a recent series and concluded that results of microfrac-
ture are age-dependent. In this prospective evaluation of 85
patients, the ICRS score significantly deteriorated in patients

>40 years of age by between 18 and 36 months. Based on the
literature and the author’s own personal experience, the cur-
rent indications for microfracture are younger active patients
with smaller (<2 cm2) chondral defects.

Surgical Technique

Microfracture is very technique-dependent, and the success
is dependent on the amount of fibrocartilaginous fill of the
chondral defect. Under tourniquet control, a standard diag-
nostic arthroscopy is performed. All articular surfaces are
inspected and probed after other knee pathology is addressed,
including meniscal and ligament procedures. Defining the
extent of the lesion and debriding to a stable border is
the most important step in the technique. A ring curette
(Fig. 13) is an excellent instrument with which to remove
unstable flaps and sculpt vertical walls on the border of the
lesion. Next, it is critical to remove the calcified cartilage
layer at the base of the lesion. It has been shown in ani-
mal models that, with removal of the calcified layer, the per-
centage of defect fill significantly increases (Fig. 14) [64].
This layer consists of a heavy deposition of apatites and
normally serves as a barrier to cellular migration and nutri-
ent flow [65]. Therefore, it is theorized that the “superclot”
will adhere to the base of the defect more predictably after
removal of this barrier.

Next, the microfracture awls are used to penetrate the
subchondral bone starting at the periphery (Fig. 15). The
holes should be spaced at least 2- to 3-mm apart to avoid
connecting them. Loose debris is treated with a motorized
shaver, and the joint is thoroughly irrigated. The tourniquet
is deflated, and pump pressure is turned down to confirm sub-
chondral bleeding (Fig. 16). The knee is injected with plain
Marcaine, and wounds are closed followed by application of
a compressive wrap and hinged brace.

Postoperative Care/Rehabilitation

Compliance with a structured rehabilitation program is just
as important as the surgery itself. A preoperative discussion
is wise, if not mandatory, regarding the postoperative plan
with the patient. This is particularly important when possibly
treating occult lesions. A dedicated time frame of protected
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Fig. 11 The differences in cellular population and lack of zonal organization are apparent in this histologic comparison of (A) normal hyaline
cartilage versus (B) fibrous-based cartilage

Fig. 12 An arthroscopic awl is used to perforate the subchondral bone
during a microfracture procedure

weight-bearing combined with continuous passive motion
(CPM) demands a compliant patient.

In general, the patient remains touch-down weight-
bearing (TDWB) for 6 weeks. For uncontained defects, 8
weeks is recommended. However, for trochlear, patella, and
very posterior condylar lesions, a patient can be FWB with
the extremity locked in extension for ambulation. If the lesion
is not loaded while weight-bearing, then allowing the patient
to fully weight-bear to avoid atrophy is very advantageous
for the entire muscular sleeve and skeleton.

The use of CPM has been shown to improve the qual-
ity of repair tissue after microfracture [66, 67]. CPM pro-
vides nutrition and accelerates cellular differentiation of the
marrow mesenchymal cells into matrix-producing fibrochon-
drocytes [68]. Essentially, the better philosophy is to recom-
mend a minimum of at least 8 hours per day. Separating this
into shorter intervals can be helpful for compliance, or, alter-
natively, this can take place in the evening or at night for
patients who work or attend school.

Fig. 13 A ring curette is used to remove unstable flaps and establish
stable borders

Fig. 14 Calcified cartilage layer (white tissue covering subchondral
plate) must be removed prior to microfracture
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Fig. 15 A completed microfractured lesion demonstrates multiple per-
forations of the subchondral plate that started at the periphery of the
defect

Formal physiotherapy is recommended to assist in weight-
bearing compliance and to initiate swelling control and
protected strengthening. Wilk et al. [69] have published
a detailed postoperative program that is recommended.
Return to pivoting and impact sports can often be a dif-
ficult decision, particularly with a high-level or profes-
sional athlete. Gill et al. [70] recommend return to cutting
sports at 4 months. Often, a high-resolution MRI [40] at
4–6 months can help with return-to-play decisions. Assess-
ing degree of lesion fill and subchondral plate reactivity
can help estimate amount of maturation. Maximum tissue

Fig. 16 Release of tourniquet should reveal subchondral bleeding via
microfracture perforations

integration likely does not occur for several months, with
complete maturation not achieved until 1 year. Certainly,
a knee with no swelling combined with normal muscu-
lar activation and strength patterns is mandatory for return
to sports. The lesion size and location and the exact
demands on the knee also play a role in the decision fac-
tor. For instance, a soccer goalie may return quicker than
will a center. In summary, the combination of time from
surgery, lesion locale and size, strength of extremity, and
the particular demands on the knee should decide return to
activity.

Case Report

Case 2: Microfracture

Chief Complaint and Patient History: The patient is an 18-year-old woman with persistent left knee pain after drilling
of an osteochondritis dissecans (OCD) lesion 2 years earlier. In review of the prior surgical notes, a soft area of cartilage
was discovered in the region of the posterior lateral femoral condyle (LFC), and drilling with an 0.064 inch wire was
conducted. The patient has been experiencing worsening left knee pain and failure to return to athletics since undergoing
this procedure. All discomfort is laterally based. Moderate joint effusion is reported when physical exercise/sports are
attempted. The patient experiences pain in the knee up to a week after participation in this type of activity.

Physical Exam: The patient is 5′3′′ tall, weighs 120 lb, and has a thin build. There is no knee effusion. There is minor
synovial thickening with no instability or meniscal signs and grossly normal alignment with full range of motion. There is
minor discomfort with palpation of the LFC in the deep-flexed position.

Imaging: See Fig. 17
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Fig. 17 Sagittal MRI scan demonstrates an 18-mm osteochondral defect

Surgery/Treatment: The patient underwent an arthroscopic microfracture procedure for the LFC OCD. On first inspec-
tion, the tissue at the region of the defect appeared fibrous and delaminated. This tissue was debrided using a ring curette
and shaving instrument until stable borders were achieved. The final defect measured 22 × 20 × 4 mm (Fig. 18A–C).

a b c

Fig. 18 (A–C) Arthroscopic views of microfracture surgery

Postoperative Course/Follow-Up: The patient was placed in a hinged knee brace with TDWB restriction. A CPM
machine was used for 6 hours per day for 6 weeks. Physical therapy was initiated immediately postoperatively. Biking
and closed chain activity were initiated at 4 weeks; swimming and open chain activity were initiated at 4 months. At her
10-month follow-up appointment, the patient reported no knee pain or swelling, and physical examination was benign. A
new MRI scan was reviewed at this time (Fig. 19). At that time, full unrestricted activity was permitted.
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Fig. 19 Sagittal postoperative MRI scan 10 months after microfracture with satisfactory fibrocartilaginous fill of defect

Osteoarticular Grafting

To date, osteochondral grafting (OCG), which includes both
autogenous and allogenic sources, is the only cartilage
restoration procedure that produces true hyaline AC. The
objective is to take a normal, minimally loaded osteoarticular
composite from the knee (or donor allograft) and transfer it to
a chondral defect. This concept is not new; in fact, Judet [71]
in 1908 reported pain relief associated with transplanting
osteochondral fragments after trauma. Several animal mod-
els have demonstrated consistent survival and integration of
the transplanted grafts [72, 73]. OCG techniques, specifically
osteochondral allograft, have the longest published follow-
up compared with those of other AC resurfacing techniques
[74–76]. There are several systems available to perform
osteochondral grafting. The term mosaicplasty is reserved to
describe use of multiple smaller-diameter grafts. Mechani-
cal studies have shown superior fixation of larger traditional
osteochondral grafts (Fig. 20) versus smaller mosaic multiple
grafts [77]. Mosaicplasty, however, offers more surface area
for osseous integration and potentially improved contouring
[72, 78, 79].

Fig. 20 Intraoperative example of three 10-mm osteochondral grafts.
Because of the larger graft size, the inferior graft (lower left) was
placed slightly proud posteriorly in order to be congruent in the more
superior weight-bearing portion of this lateral femoral condyle defect.
Mosaicplasty, with smaller osteochondral grafts, could potentially offer
improved contouring
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Performing either technique of osteochondral grafting,
whether it be moasicplasty with smaller plugs or the larger-
diameter grafts, is technically demanding. Properly posi-
tioned grafts consistently integrate; however, mechanical
studies prove that graft-length mismatch is prone to failure.
Proud grafts undergo excessive motion and fissuring [80],
and depressed, poorly fitted grafts are unloaded and degener-
ate [80, 81]. In summary, regardless of the OCG technique,
a perpendicular press-fit–placed graft that is level with sur-
rounding AC will produce an optimal result [82].

Autograft

The active patient with a symptomatic condylar defect less
than 2.5 cm is the ideal candidate for an osteochondral
autograft. Limited graft availability and potential donor-
site complications restrict the autograft OCG indications
to smaller defects. Proponents of allogenic OCG note that
cell-based therapies produce inferior repair tissue that deteri-
orates over time. In a randomized, prospective trial compar-
ing osteochondral autograft and microfracture, Gudas et al.
[78] recently demonstrated that, at an average of 37.1 months
follow-up, the OCG shows significant clinical results over
those of microfracture in an athletic population. Fifty-seven
athletes with a mean age of 24.1 years were treated with
either microfracture or the mosaicplasty technique. The aver-
age size in both treatment groups was roughly 2.8 cm2, and,
at follow-up, the OCG group, according the modified hos-
pital for special surgery (HSS) and ICRS scores, showed a
96% good or excellent result compared with 52% after the
microfracture procedure. Others [79, 83] have shown similar
results and cite the repair tissue is true hyaline cartilage with
healthy subchondral bone.

In summary, the advantages of a single-stage procedure
with a relative low cost make the autograft technique attrac-
tive. However, limitations of this surgery include donor-site
morbidity, limited graft availability [77, 84, 85], and dif-
ficulty in re-creating the normal articular contour. Even a

slightly prominent graft is exposed to significant shear [86]
and chondrocyte death at the edges of the plug [87].

Surgical Technique of Autograft OCG

There are several commercially available systems to perform
OCG. Based on stability concerns and degree of lesion fill
with smaller plug sizes, the author uses the Osteochondral
Autologous Transplantation System (OATS; Arthrex Inc.,
Naples, FL). Users of the Mosaicplasty (Acufex Microsur-
gical, Inc., Mansfield, MA) and Consistent Osteochondral
Repair (COR) systems (Mitek Inc., Norwood, MA) note ben-
efits of easier contouring from smaller-diameter plugs and
shallower harvest depth, respectively.

AC Lesion Evaluation and Preparation

Standard arthroscopic setup is used, with a leg holder and
tourniquet positioned very high on the thigh. It is critical that
the knee can be ranged through a maximum arc of motion.
Arthroscopy is performed, and the AC lesion is identified and
measured with sizing tamps. In general, single-plug lesions
are performed arthroscopically as others have described [88],
whereas multiple-plug lesions are completed through a small
arthrotomy.

Donor Graft Harvest

After estimating the sizes and amount of grafts required, the
superior lateral trochlea is the initial donor site used, fol-
lowed by medial margin of trochlea and intercondylar notch.
The appropriate “donor” labeled harvester is placed in a per-
pendicular fashion over the desired AC donor site. If multiple
plugs are required, it is beneficial to gently score the chon-
dral surface to avoid converging donor grafts (Fig. 21A, B).
With the OATS system, the donor tube is driven to a depth
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Fig. 21 (A, B) Intraoperative views depicting appropriate spacing of donor osteochondral graft sites to avoid converging and harvesting incom-
plete subchondral bone



Current Concepts in Articular Cartilage 93

of 15 mm. It is mandatory to avoid toggling the system while
inserting the donor tube. Once a 15-mm depth is confirmed, a
forceful axial load and rotational force is required to release
the harvested plug. Complete osteochondral graft harvest is
confirmed and placed on a back table. Final measurements
and graft obliquity are noted to help plan for recipient-site
preparation. A measuring rod inserted in the donor site can
confirm exact depth and obliquity of graft. Each graft is har-
vested and then placed in a successive fashion.

Recipient-Site Preparation

In the case of multiple plugs, a miniarthrotomy is com-
pleted. Angled knee and Hohmann retractors are helpful
once the capsulotomy is completed. To create the recipient
socket, complete visualization is required to ensure a per-
pendicular approach. The recipient labeled tube is driven to
approximately 2 mm less than the donor graft length and
easily removed with an axial load and rotational maneuver.
With younger and firmer bone, a 1-mm discrepancy is rec-
ommended. Matching the graft obliquity resulting from the
donor harvest can be estimated using the lasered numeral
system located on the tip of the tube (Fig. 22). An equal-
diameter measuring rod is inserted into the recipient site and
then tamped to match the exact length of the donor graft. This
ensures an exact donor-recipient match.

Graft Insertion

The donor plug is gently tapped, leaving the graft a couple
of millimeters proud to assist in guiding the construct into
the recipient socket (Fig. 23). The graft should be inserted
with very soft mallet strikes to avoid AC injury [89]. A tamp
allows better visualization and should be used to complete

Fig. 22 Measuring device placed at donor site for osteochondral har-
vest using the OATS system. The laser line system is used to measure
the correct depth. (Courtesy of Arthrex, Inc., Naples, FL.)

Fig. 23 Intraoperative view depicting insertion of a donor osteochon-
dral graft into the recipient socket. The graft should be left a few
millimeters proud and completed with an oversized tamp under direct
observation

the transfer (Fig. 24). It is preferable to leave the high por-
tion of an oblique graft level with the surrounding AC. The
steps are repeated as necessary to fill the defect. Awkward or
uncovered areas can be microfractured.

Fig. 24 A tamp is used to complete the insertion of the plug and secure
proper placement
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Postoperative Care/Rehabilitation

Similar to other AC resurfacing procedures, the postoper-
ative program must be individualized [90]. The size and
location of the repair dictate progression of weight-bearing
status and degree of strengthening. In general, single-plug
OCG is TDWB for 2–3 weeks, followed by progressive
FWB to tolerance. Multiple-plug OCG remains TDWB for
4 weeks, with progression to FWB until 6 weeks. In either
case, unassisted FWB is not permitted until normal gait pat-
terns are achieved. CPM is recommended for up to 6 hours a
day for at least 3 weeks. Low-resistance stationary cycling is
allowed the first week. “Rocking” the pedals back and forth
until a full rotation is achieved can be an early rehabilitation
goal for patients. Immediate pelvic and upper-body strength-
ening is permitted. An upper-body ergonometer (UBE) is
recommended for the dedicated athlete to maintain condi-
tioning. Extremity isometric strengthening in arcs of motion
that avoid loading the graft can start to tolerance the first
week. After suture removal, a water-based program, if avail-
able, is very beneficial. At 6 weeks, closed chain strength-
ening and treadmill walking are encouraged. Accelerated
progression to sports-specific and functional training begins
around 10–12 weeks and beyond, depending upon how the
joint is reacting to increased demands. Patellofemoral OCG
generally has a longer return to sports and, like other restora-
tive procedures, has less success in returning the patient to
sports participation.

Allograft

Of all the AC restoration options, allograft OCG has the
longest clinical follow-up in the literature. Recently, Maury
et al. [91] demonstrated chondrocyte viability after 25 years
postimplantation. Similar to autogenous OCG, the allograft
composite also contains viable and functioning chondro-
cytes to support the matrix [92]. Early reports confirmed
success with fresh osteochondral allografts [93, 94]; how-
ever, they are no longer available in the United States. “Fresh
stored” osteochondral allografts are now the preferred source
because of safety and medicolegal issues. The success of
osteochondral grafting directly relates to chondrocyte viabil-
ity [92, 95]. However, the goal of maximizing chondrocyte
viability is challenged by the risk of disease transmission and
pathogen contamination. Current testing guidelines set by
the American Association of Tissue Banks generally allow
an osteochondral allograft to be available for approximately
30 days [96]. Recent literature supports use of hypothermi-
cally “fresh-stored” allografts as a source for AC resurfac-
ing [97, 98] Davidson et al. reported on 2-year outcomes
of 10 patients who received massive hypothermically stored

osteoarticular allografts for femoral condyle defects. At a
mean 40 months postimplantation, second-look arthroscopy
with biopsy confirmed the graft and native cartilage cellu-
lar density and viability as similar. All clinical measures
revealed statistical improvement at follow-up.

A prior failed restorative procedure, or a large chondral
defect (greater than 2.5 cm2), particularly with significant
bone loss, is the ideal candidate for osteochondral allograft
transplantation. Tibial-sided lesions may benefit from this
option as well.

Surgical Technique of Allograft Osteoarticular
Transplantation

Generally, all osteochondral allograft techniques use a
matched graft. However, smaller grafts (<2 cm) may be
amenable to grafting from an unmatched condyle. Simi-
lar to meniscal allograft transplantation, a matched allo-
graft is selected based on sizing using standard radiographs
with a radiolucent marker. The allograft can be implanted
in a few different ways. A sculpted free-hand shell graft is
one option that is particularly useful on the tibia because
of instrumentation access (Fig. 25). A bulk graft for mas-
sive defects including near-complete trochlear or condylar
replacement is another useful method. Both the free-hand
and matched grafts generally require supplemental internal
fixation. Finally, the most common technique is a dowel-

Fig. 25 Intraoperative view depicting the placement of a matched,
sculpted, free-hand shell allograft used for a large tibial plateau defect.
The lateral meniscus was released at the capsular junction and later
repaired. Also note an osteochondral autograft was used for a “kissing”
femoral condyle defect
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Fig. 26 Intraoperative view showing guide pin placed in the center of
the host defect and reamed to a depth of 8 mm with an appropriately
sized instrument

shaped press-fit graft technique that is performed with pre-
cise instrumentation from Arthrex, Inc. (Naples, FL).

The dowel technique (or “super” OATS) can insert allo-
graft dowels of up to 35 mm. Always inspect the graft prior
to anesthetizing the patient. The proper side and acceptable
tissue quality should be noted. After initial arthroscopic eval-
uation, a small arthrotomy can be used to perform the trans-
plant.

The entire borders of the lesion are identified, and a guide
wire is drilled in a perpendicular manner through the center
of the defect. The appropriate sizing dowel is selected, and
the recipient site is then reamed to a depth of healthy bone,
which is generally 6–10 mm (Fig. 26). Deeper grafts will
have a greater press-fit. When completed, the depth of all
four quadrants is measured, and a sterile pen is used to mark
the 12 o’clock position.

The 12 o’clock position of the delivered graft is then
marked and secured in the work station (Fig. 27). The
appropriate-size harvester is then drilled through the entire
graft. All four quadrants of the graft are then measured
and trimmed to the corresponding depth of the recipient
site. Graft-holding forceps are available to stabilize the graft
while contouring; this is followed by pulse lavage to reduce
the quantity of marrow elements. The graft is then press-fit
initially by hand and seated flush with gentle taps with an

Fig. 27 The matched hemi-condyle allograft is secured in the work
station. Note the saw guide is positioned in a manner perpendicular to
the graft. (Courtesy of Arthrex, Inc., Naples, FL.)

Fig. 28 The osteochondral allograft is seated flush with surrounding
native cartilage

oversize tamp (Fig. 28). Any evidence of graft instability
warrants supplementary fixation with either pins or screws.
The author’s preference is metal screws. The knee is then
cycled to check for stability and conformity.
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Postoperative Care/Rehabilitation

TDWB is recommended for a minimum of 8 weeks to avoid
collapse while graft incorporation occurs. CPM is used
up to 8 hours a day for the first 4 weeks, and then daily
low-resistance stationary biking is recommended. A simple

home program of quadriceps sets and heel slides is started
immediately, followed by supervised physiotherapy, includ-
ing a water-based program, when the wound is stable.
Depending upon the size of the graft, return to sports may
be up to 1 year away. Large bulk allograft recipients should
permanently avoid impact activities.

Case Report

Case 3: Osteochondral Allograft

Chief Complaint and Patient History: The patient is a 33-year-old woman who is 1 year status post–autologous chon-
drocyte transplantation (ACT) surgery for a medial femoral condyle OCD. She presents with persistent knee pain with
swelling and catching sensation. The patient underwent two cartilage procedures prior to this, including microfracture, all
of which failed to provide symptom relief. She states that the ACT surgery improved symptoms of pain and swelling for
about 6 weeks, but both symptoms have returned. The knee catches and has locked on numerous occasions.

Physical Exam: The patient is 5′7′′ tall, weighs 135 lb, and is athletic appearing. She has normal range of motion,
ligamentous exam, and alignment (confirmed by long-standing radiographs). There is a small effusion with no obvious
meniscal signs and very positive discomfort with medial condylar palpation with associated painful crepitus.

Imaging: See Fig. 29.

Fig. 29 MRI scan demonstrates region of chondral defect, with moderate reactive marrow edema

Surgery/Treatment: The patient underwent arthroscopy for assessment of autologous chondrocyte implantation (ACI)
cartilage and evaluation for an impinging intraarticular osteophyte. A well-attached and smooth chondral graft was
observed (Fig. 30A, B).

After arthroscopy, the patient underwent 3 months of physical therapy followed by a course of viscosupplementation.
This provided only minimal relief of her medial- based pain with activities of daily living. A repeat MRI was ordered.

Imaging: See Fig. 31A, B.
Surgery/Treatment: The patient underwent placement of a matched osteochondral allograft to the medial femoral

condyle via a small arthrotomy. A press-fit dowel technique was used (Fig. 32A, B).
Postoperative Care/Follow-Up: The patient was maintained TDWB for 8 weeks. Traditional physical therapy (PT) and

CPM were initiated during the first postoperative week. The patient is currently 6 months postoperative and pain-free with
activities of daily living. Light sports participation will be permitted at the 1-year mark when repeat MRI is planned.
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a b

Fig. 30 (A, B) Arthroscopy demonstrates a well-integrated chondral graft with minor fraying

a b

Fig. 31 (A, B) MRI scans demonstrate an unstable chondral defect, with significant regional bony effusion

a b

Fig. 32 Chondral defect (A) after debridement and (B) after OATS allograft. (Courtesy of Arthrex, Inc., Naples, FL.)
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Autologous Chondrocyte Transplantation

First clinically reported in 1994 [99], this controversial artic-
ular resurfacing method is the first and only technique that
uses true tissue engineering. The procedure requires two
surgeries. During the first, the articular lesion is evaluated
and normal host cartilage is harvested, followed by cell cul-
turing. The second procedure involves transplanting the cells
under a harvested periosteal patch through an arthrotomy.
The goal is to achieve a more durable “hyaline-like” repair
tissue that resembles hyaline AC. Autologous chondro-
cyte transplantation (ACT) human biopsy studies, however,
demonstrate a 10% to 67% presence of hyaline repair tissue.
Studies support that transplanted chondrocyte repair tissue is
biomechanically superior to traditional fibrocartilage-based
procedures [100, 101]. Knutsen et al. [102] recently reported
a randomized trial comparing ACT and microfracture at 5
years. They found no clinical difference in clinical scores;
however, the authors did observe that the patients with better-
quality repair tissue had no late failures comparing the 2- and
5-year results. Others have confirmed the relationship of clin-
ical success directly with the presence of hyaline-like repair
tissue [103, 104]. Several authors have documented clini-
cal success with ACT [105–107]. One recent series demon-
strated excellent results for the treatment of trochlear defects
[108], and three reports have shown success in returning ath-
letes to competition with ACT [109–111]. It seems that the
closer the repair tissue resembles normal hyaline structure,
the better the biomechanical resilience and clinical success
results will be.

Surgical Technique

Defect Evaluation and Chondral Biopsy

First-stage arthroscopy is performed, and, if chondral defect
is amenable to ACT, then a cartilage specimen is harvested.
Three acceptable nonarticulating sites are the superolateral or
superomedial trochlear ridge and the intercondylar notch. A
ring curette or gauge is used to harvest enough AC around
5 × 10 mm (equivalent to three Tic-Tac candies). In the
United States, all specimens are shipped in a sterile container
to Genzyme Biosurgery (Cambridge, MA) for cell cultur-
ing. A minimum of 30 days is required to prepare the cells.
Patients are sent to physical therapy for an aggressive preop-
erative strengthening and conditioning program in prepara-
tion for the second surgery while protecting the defect.

Arthrotomy and Defect Preparation

Patients are anesthetized supine, and a tourniquet and small
foot rest are positioned. Antibiotics are administered. A min-

Fig. 33 After debridement of the lesion to stable AC margins, the sub-
chondral internal osteophytes can be gently tamped to even the base of
the defect

imum lateral or medial parapatellar arthrotomy is performed.
Without compromising exposure, efforts should be made to
avoid dislocating the patella, which may improve quadriceps
muscle recovery. The author prefers to sublux the patella
versus eversion and dislocation. A bent Hohmann retrac-
tor placed in the notch can improve exposure. The defect is
radically debrided back to healthy vertical borders. Internal
osteophytes, often from prior microfracture, are tamped or
gently curetted to avoid destabilizing the subchondral bone
(Fig. 33). Hemostasis is very important to ensure better-
quality repair tissue. The defect is measured with a flexi-
ble ruler or templated with either sterile paper from surgical
gloves packaging or aluminum from suture packaging. The
defect is then packed with thrombin- and epinephrine-soaked
patties.

Periosteal Harvest

The tourniquet is deflated to allow for maximum defect
hemostasis, and the periosteal patch is obtained. A sepa-
rate incision at the proximal tibia is the preferred site for
periosteal harvest. In patients greater than 40 years of age or
if the tibial periosteal tissue is inadequate, the distal femoral
condyle can be a reliable source. Graft overgrowth is a known
complication and is related to periosteal thickness; there-
fore, the thinnest periosteal patch is the goal. Subsynovial
dissection and removal of all excess fascial layers is criti-
cal to help avoid this adverse event. Always harvest 2 mm
extra periosteum to allow for shrinkage while securing the
patch. Using two hands, a small elevator is used to gen-
tly elevate the periosteum (Fig. 34). The harvested patch
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Fig. 34 “Two-hand” technique for elevating the periosteum from the
proximal tibia

is checked for perforations and placed in a sterile soaked
sponge.

Periosteal Patch Suturing

The patch is brought to the defect and sewn with dyed 6-
0 Vicryl swedged on a P-1 needle (Ethicon, Johnson &
Johnson, New Brunswick, NJ). Removing half of the suture
and soaking it in sterile mineral oil to minimize trauma
to the patch is helpful. The cambium (bone side) of the
patch is secured facing the defect with interrupted and sim-
ple sutures. The completed patch should be watertight with
the suture knots on the side of the periosteum. A supe-
rior stitch is passed but not tied to allow for an angio-
catheter to fill the chamber. Additional sutures are placed
to secure the water-tight chamber, which is then sealed
with TISSEEL fibrin sealant (Baxter Healthcare Corporation,
Deerfield, IL).

Transplanting Chondrocytes

The cultured cells are then carefully aspirated with a ster-
ile 18-gauge angiocatheter. The cells are resuspended a few
times to dissolve the solid pellet and distribute the cells
evenly in the syringe. The volume of the cell aspirate is typ-
ically around 0.2–0.4 cm3. The general rule is to request
one vial per defect transplanted. The suspension is then
slowly injected into the bottom of the chamber and filled
while withdrawing the catheter (Fig. 35). The final stitch is

Fig. 35 The autologous chondrocyte cells are injected underneath a
water-tight periosteal patch

tied and layered with TISSEEL sealant. Careful irrigation
follows, and documenting the range of motion that corre-
sponds with tibia-graft (in the case of femoral graft) contact
is helpful information for the physiotherapist and follow-up
exams.

Postoperative Care/Rehabilitation

Like all AC restoration procedures, ACT is extremely indi-
vidualized and must be customized for each patient. Reg-
ular communication between physician, patient, and thera-
pist is critical to support the transplant maturation process.
Trochlear and patella lesions are weight bearing as tolarated
(WBAT) with brace locked in extension for 6 weeks. Tib-
ial and condylar lesions are TDWB for 6 weeks with a
hinged brace for protection. All patients initiate CPM and
quadriceps sets postoperative day 1. A formal physiother-
apy program starts at the end of the first week, focusing
on swelling control and range of motion. By 8 weeks, all
braces and ambulatory aids are discontinued while the pro-
gressive closed chain strengthening program is under way
[90]. Return to impact activities and running sports is per-
mitted from 4 to 12 months, depending on many variables
including the size and location of the defect. The actual sport
or activity must be considered, with cutting sports likely the
last to be recommended. MRI and biopsy studies show con-
tinued graft maturation and better-quality tissue up to 18
months [49, 112]. Hence, remaining active with progressive
joint loading appears to enhance repair and produce better
results [109, 111].
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Case Report

Case 4: Autologous Chondrocyte Transplantation

Chief Complaint and Patient History: The patient is a 27-year-old elementary school teacher who presents with right
knee pain and swelling. Initial injury more than 3 years ago was a contact injury while playing competitive soccer. Initial
recovery from this event was relatively benign, but the patient was left with a chronic joint effusion and residual right knee
pain. The patient underwent an osteochondral autograft procedure with one 8-cm plug 3 years earlier. Surgery failed to
relieve her symptoms of pain and swelling.

Physical Exam: The patient is 5′6′′ tall, weighs 145 lb, and has an antalgic gait pattern favoring her left knee. The right
knee has a small effusion with positive crepitus. There are no meniscal or ligamentous signs. There is no ipsilateral hip or
ankle pain, and normal alignment is present.

Imaging: See Fig. 36A, B.
Surgery/Treatment: The patient underwent a right knee arthroscopy with chondroplasty of medial femoral condyle

(MFC) and cartilage biopsy (Fig. 37A–C). A single osteochondral plug was observed in the MFC with no integration at
its borders. The defect appeared to have propagated and now measures 30 mm × 20 mm. Cartilage was harvested via the
superolateral trochlear groove for future ACT surgery.

Postoperative Care: The patient was placed WBAT, and physical therapy was initiated. As expected, the patient contin-
ued to experience knee joint discomfort and swelling.

Surgery/Treatment: The patient underwent ACT of the medial femoral condylar defect approximately 2 months after
her biopsy (Fig. 38A, B).

Postoperative Care: The patient maintained TDWB for 6 weeks, and CPM was used throughout this period. She con-
tinued to progress well relatively pain-free. At the 6-month mark, the patient started to experience progressive medial
knee pain and increased crepitus. The patient denied new injury and joint locking. A cycle of viscosupplementation was
performed, and physiotherapy was continued.

Imaging: Six-month follow-up (Fig. 39).
Further Treatment: The viscosupplementation provided moderate pain relief. However, the patient started to experience

moderate catching sensation with active knee movement.
Imaging: Nine-month follow-up (Fig. 40).
Surgery/Treatment: The patient underwent right knee arthroscopy with chondroplasty of MFC (Fig. 41A, B). Ninety

percent incorporation of the graft was appreciated. The remaining superior 10% existed as a flap of cartilage at the anterior
leading edge of the cartilage graft. This region was debrided, and a chondroplasty was performed. The minimally overgrown
graft noted below the defect was left alone.

Postoperative Course/Follow-Up: The patient’s mechanical symptoms were markedly improved. No further treatment
was provided.

a b

Fig. 36 (A, B) Coronal and sagittal MRI scans demonstrate bone edema at the site of osteochondral transplant, which is now devoid of cartilage
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Fig. 37 (A–C) Inspection of MFC reveals a chondral defect with failed osteochondral graft. Cartilage was harvested with use of a ring curette

a b

Fig. 38 (A, B) Defect was debrided to stable borders, and cells were inserted under the periosteum patch

Fig. 39 MRI scan 6 months after surgery demonstrates excellent incorporation of cartilage graft
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Fig. 40 MRI scan 9 months after ACT surgery demonstrates minor cartilage overgrowth at region of implanted cells

a b

Fig. 41 (A, B) Right knee arthroscopy demonstrates failure of a small portion of the graft construct

Associated Bone Deficit/Uncontained Lesions

Chondral lesions with associated bone loss greater than
8–10 mm must be addressed with bone graft. Ipsilat-
eral Gerdy’s tubercle is very accessible and an excel-
lent source of autogenous bone. In general, uncontained

large defects are bone grafted at the time of chondral
biopsy, and other defects can be treated with the “sandwich”
technique developed by Peterson [112]. With this technique,
the sclerotic bone at the base of the defect is curetted and
then drilled followed by packing of cancellous autograft to
the level of the adjacent subchondral plate. Two periosteal
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Fig. 42 Intraoperative view demonstrating the “sandwich” technique.
The first harvested periosteal patch is placed on morselized bone
graft with cambium layer up and secured with horizontal mattress
sutures

grafts are harvested, and the first is sewn-in cambium side
up with horizontal mattress sutures on the packed bone graft
(Fig. 42). The second graft is secured in a routine man-
ner, and the cells are injected between the two layers of the
periosteum, hence the “sandwich” technique.

Osteochondritis Dissecans

Osteochondritis dissecans (OCD) is a disease of the sub-
chondral bone that presents in variable sizes and locations
in the knee joint, but most commonly on the condylar sur-
faces. Many theories have been proposed as an etiology of
OCD including hereditary, traumatic, and ischemic [113].
As a result of a nonviable subchondral plate, the AC surface
begins to soften and can deteriorate to complete destruction
and entire AC loss. Often, the clinician has to deal with not
only a sizable lesion but also a deep lesion with extensive
bone loss (Fig. 43). The combination of a large and deep
defect presents the greatest challenge of all AC maladies to
the clinician.

In the presence of open growth plates, the OCD lesion is
termed a juvenile OCD (JOCD); however, the same patho-
logic process to the subchondral bone applies. It is likely

Fig. 43 Lateral radiograph reveals a large OCD of the posterior
femoral condyle, which required bone grafting and internal fixation

that most adult OCD lesions are a result of un-united JOCD,
but adult OCD may occur in and of itself [114]. OCD
of the knee has been classified based on many variables
including anatomic location and the appearance on radio-
graphs, bone scans, and MRI scans [115–117]. OCD lesions
present in many variable stages; however, the two initial
key distinctions are to assess whether the growth plates
are open and if the lesion is stable. Typically, an unstable
lesion is more symptomatic and, in the case of an adult,
almost always requires operative intervention. The arthro-
scopic classification of Ewing and Voto (grade I, intact
lesion; grade II, early cartilage separation; grade III, par-
tially detached lesion; grade IV, crater with loose body)
is straightforward and can assist in the surgical decision
process [118].

Juvenile Osteochondritis Dissecans

JOCD presents in patients aged up to15 years or when the
physis is closed. Patients often present with vague symp-
toms, and the physical examination may be normal. All juve-
niles with a painful knee should have radiographs on initial
evaluation. MRI should follow if an OCD is recognized or
suspected [119]. Most lesions appear on the posterolateral
aspect of the medial femoral condyle, with lateral condy-
lar, trochlear, and patella areas accounting for approximately
30% [120].

Nonoperative management is the preferred treatment
option for stable lesions. A period of cessation of sports,
bracing, protected weight-bearing combined with a physio-
therapy program can heal more than 50% of JOCD accord-
ing to Cahill and others [121–123]. However, 10–18 months
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were required for complete healing in Cahill’s series. Treat-
ing JOCD is a true art, and no protocol can apply to any
patient. For stable JOCD lesions, the author advocates an
individualized program based on symptoms. Initially, PWB
with a brace until symptoms have resolved is recommended.
This is followed by no impact activities for at least another 6
weeks. Around 8–12 weeks, a repeat MRI will assess heal-
ing, and, depending on MRI findings, increases in activity
are allowed. Comparative radiographs are useful, but the
author finds MRI more helpful. If the adolescent remains
asymptomatic at 3 months, gradual impact activity is per-
mitted with close follow-up. Recurrence of symptoms war-
rants repeat MRI and possible consideration of surgical
intervention, or another round of activity modification can
be attempted.

Surgical options for a stable symptomatic defect are
either antegrade or retrograde drilling [124, 125]. Both
methods create channels for revascularization and decom-
press the subchondral bone to allow for healing. Unsta-
ble OCD lesions are treated in a similar fashion to adult
OCD lesions.

Adult Osteochondritis Dissecans

Symptomatic adult OCD lesions almost always require oper-
ative intervention. Like JOCD, the first priority is to establish
stability of the fragment. Grade I lesions defined by intact
cartilage but soft surface can be treated with simple stabiliza-
tion. A variety of methods including bioabsorbable or metal
pins and screws have been reported with good success [126–
129]. In the unusual case of a stable symptomatic OCD in
the adult, the author will use a bioabsorbable device such
as the poly-lactic acid smart nail (Arthrex Inc., Naples, FL).
Because of both personal and reported issues with use of
bioabsorbable fixation in the setting of a unstable OCD fixa-
tion [130, 131], the author currently only uses metal fixation
in these cases.

The unstable OCD or JOCD lesion can be approached
in the same fashion. Many authors confirm success with
various surgical methods for OCD stabilization [127–133].
Others have reported favorable results with other resurfac-
ing treatment options discussed in this chapter including
ACT, mosaicplasty, and allograft [106, 132, 133]. Preserv-
ing the OCD fragment should be the first priority. Often,
this is a difficult decision; however, if there is at least 2 mm
of acceptable bone, then the author recommends to pro-
ceed with fixation with autogenous bone graft (Fig. 44).
If a portion of the fragment can be saved, then a hybrid
method combining OCD fixation with a restoration proce-
dure should be performed (Fig. 45). Removal of the fragment
alone can lead to arthrosis [134]; hence, proceeding with

Fig. 44 Intraoperative view depicts a bone grafted and reduced,
unstable OCD with pins positioned in preparation for cannulated
screws

Fig. 45 Intraoperative view demonstrates hybrid treatment of a OCD.
The nonviable portion of the OCD was replaced with a single osteo-
chondral graft

a restorative procedure, at least in the younger population,
must be considered. The author advocates miniarthrotomy,
autogenous bone grafting, and internal metal fixation for all
unstable OCD.
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Case Report

Case 5: Osteochondritis Dissecans

Chief Complaint/Patient History: The patient is a 17-year-old male athlete who has been experiencing left knee pain and
crepitus for the past 6 years. Over the past few months, he has had several locking episodes. He attributes his symptoms
to a football collision during which the knee impacted an opposing player. Five years ago, he underwent a microfracture
procedure. It appears that he was rehabilitated appropriately, including a period of non-weight bearing (NWB). This surgery
failed to provide any symptom relief. The patient is a division I collegiate hockey prospect and now experiences the majority
of pain when skating in the knee-flexed position. The knee swells after hockey participation.

Physical Exam: The patient is 5′11′′ tall, weighs 210 lb, and is a muscular male. There is small effusion and no meniscal
joint-line tenderness. Alignment and ligament testing are normal. There is minor quadriceps atrophy with a 15-degree loss
of flexion compared with the opposite knee. There is obvious posterior pain and catching sensation with deep flexion.

Imaging: See Fig. 46A, B.
Surgery/Treatment: The patient underwent a diagnostic arthroscopy and subsequent reduction and internal fixation of

a lateral femoral condyle OCD via arthrotomy (Fig. 47A–D). Bone autograft was harvested from the proximal tibia and
used. At the time, the author was using bioabsorbable screws for OCD fixation.

Postoperative Care/Follow-Up: The patient used TDWB for the initial 6-week postoperative period. CPM was initiated
immediately, and traditional physiotherapy was initiated a week later. The patient continued to progress over the next 4
months. Despite recommendations from the author to refrain from competitive skating, the patient returned at 41/2 months.
At the 51/2-month mark, he collided with an opponent at high speed, resulting in a direct impact to a flexed knee. This
resulted in a dramatic knee effusion and pain (Fig. 48A, B).

Surgery/Treatment: The patient underwent left knee arthroscopy for removal of chondral fragments and loose screws
(Fig. 49A–D). The bone graft had incorporated, which left the patient with a bleeding subchondral plate. Essentially, this
was the equivalent of an abrasion chondroplasty.

Postoperative Care/Follow-Up: The patient was placed PWB with brace locked in extension to avoid loading graft for 6
weeks. Functional activity was progressed over the course of 2 months to include biking and elliptical trainer. At 5 months,
free skating with no competition or impact was initiated. The knee at this point was essentially benign on exam with the
exception of minor crepitus, and no effusion was appreciated. After 8 months, the patient returned to competitive skating,
and there are no new issues to date.

a b

Fig. 46 (A, B) MRI views demonstrate an osteochondral flap that is 2.3 cm in length
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a b

c d

Fig. 47 (A–D) Diagnostic arthroscopy demonstrating the chondral defect and subsequent open grafting and open reduction and internal fixation
(ORIF) of fragment using four bioabsorbable screws

a b

Fig. 48 (A, B) Posttraumatic MRI views demonstrate displaced chondral fragment located within the inferior aspect of the patellofemoral joint
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Fig. 49 (A–D) Intraoperative arthroscopic views demonstrate absent chondral surface of a posterior lateral OCD. The chondral fragments and
screw remnants were removed. A crater at the region of the defect demonstrated healthy bleeding bone. The subchondral bone graft remained
intact

Future of Cartilage Repair

There is no doubt that the autologous chondrocyte tissue
engineered scaffolds that have become available for clin-
ical use in Europe will eventually replace our techniques
available in the United States. Gobbi et al. [135] reported
excellent results with treatment of normally troublesome
patellofemoral defects with a hyaluronan-based scaffold
seeded with autologous chondrocytes. This mesh-like scaf-
fold can be inserted arthroscopically or through a very small
arthrotomy. The scaffold has bioadhesive properties; hence,
no suturing is required. Twenty-four–month MRI follow-ups
and second-look biopsies in six cases revealed “nearly nor-
mal” results. Hundreds of other bioscaffolds with added bio-
materials are being studied throughout the world. The 2007
ICRS meeting in Warsaw, Poland, introduced several novel
cell-seeded scaffolds, which confirms the resilient nature of
the chondrocyte [40].

Summary

AC injuries will continue to challenge the orthopaedic disci-
pline. However, recent awareness of the incidence and nat-
ural history has led to an explosion of research efforts to
search for the ideal resurfacing method. Coordinated efforts
between clinicians and basic scientists have brought this
common goal within our grasp in the future. Cell-based
repairs (ACT) appear to be the basis for the next gen-
eration of repair. However, a completely integrated repair
tissue with hyaline differentiation has yet to be achieved.
Delivery of important chondrogenic factors via gene trans-
fer techniques may overcome important biological obsta-
cles required to produce a true hyaline repair. Despite these
shortcomings, current options discussed in this chapter can
produce an acceptable clinical result in a properly selected
patient.
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Patellofemoral Disorders

Jeffrey T. Spang and John P. Fulkerson

Introduction

Patients presenting with patellofemoral pain represent a
challenging population in any orthopaedic practice. Most
patients can be successfully managed with a systematic non-
operative program. Patient selection is the key to achiev-
ing successful surgical outcomes. A thorough understanding
of patellofemoral anatomy coupled with a complete patient
history and physical will increase the chances of success
with arthroscopic intervention. A variety of pathologic con-
ditions exist in the patellofemoral joint, including cartilage
disease, malalignment, instability, arthritis, and soft tissue
disorders. Arthroscopy may be the first line of surgical treat-
ment for a complicated problem or the definitive solution to
a complex issue. A clear preoperative understanding of the
potential pathology that might be encountered at the time of
arthroscopy will assist in correctly applying one of several
arthroscopic surgical procedures.

Anatomy

The goal of the surgeon treating anterior knee pain should
be to understand the main structural sources of pain (syn-
ovium, retinaculum, nerves, muscle, and subchondral bone)
in the setting of the complex mechanics of the patellofemoral
joint. When the balance of the patellofemoral joint is dis-
turbed, nerve damage and pain may result. Fulkerson et al.
first described retinacular small nerve neuromatous degener-
ation as an important cause of anterior knee pain [1]. Biedert
et al. [2] later confirmed that free nerve endings are con-
centrated in the patellar tendon, retinacular tissue, synovial
tissues, and fat pad and can be a significant source of pain
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in the anterior knee by elaborating neurokinins. Subchon-
dral bone has also been described as richly innervated [3].
Excessive pressure or tension on any of these structures can
lead to patellofemoral problems, which may require arthro-
scopic evaluation. The anatomy of the patellofemoral joint
must be viewed as a system in motion with loads increas-
ing and decreasing on different structures through the knee
flexion cycle.

Both active and passive restraints provide the balance
required for normal patellofemoral tracking. The rectus
femoris and vastus intermedius muscles act along the femoral
axis, and the vastus lateralis and vastus medialis act in
oblique planes to exert medial and lateral forces on the
patella [4]. Passive restraints contributing to a properly bal-
anced patella include the medial and lateral retinaculum and
the patellar tendon (Figs. 1 and 2). The lateral retinaculum

Fig. 1 Forces that must be in balance for proper patellar alignment.
(Modified from Fulkerson JP. Patellofemoral realignment: principles
and guidelines. In Fulkerson JP (ed.), Common Patellofemoral Prob-
lems. Rosemont, IL: American Academy of Orthopaedic Surgeons,
2005, pp. 11–17. Modified with permission.)
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Fig. 2 Effect of imbalance of the lateral retinacular tissues and the
possibility of force redistribution with lateral release. (Modified from
Fulkerson JP. Patellofemoral realignment: principles and guidelines. In
Fulkerson JP (ed.), Common Patellofemoral Problems. Rosemont, IL:
American Academy of Orthopaedic Surgeons, 2005, pp. 11–17. Modi-
fied with permission.)

is a complex structure with two major components: the deep
transverse retinaculum and the superficial oblique retinacu-
lum [5]. The medial retinaculum is composed of the medial
meniscopatellar ligament and the medial patellofemoral lig-
ament (MPFL) [6–8]. The medial structures, in particular the
MPFL, provide the critical restraint to lateral patellar move-
ment while the patella sits out of the trochlea during the early
stages of flexion [9]. During early knee flexion, the MPFL
acts to draw the patella into the trochlea. Once the patella
is contained by the trochlea, tension on the MPFL decreases
with further flexion [10]. The majority of patellofemoral sta-
bility is derived from the bony surroundings of the trochlea
after about 30–45 degrees of knee flexion. If the trochlea
is dysplastic, the lateral condyle does not adequately con-
tain the patella, and the demands on the medial retinacu-
lar structures will increase. Excessive hip internal rotation
can also lead to increased forces acting on the static medial
restraints. With the trauma of a dislocation or over time in the
malaligned individual, the MPFL may become biomechani-
cally unsound and fail to deliver the patella adequately into
the trochlea.

Different areas of the patella contact the femur during
flexion. At the start of flexion, the inferior pole of the patella
contacts the trochlea. With increasing flexion of the knee, the
area of patella femoral contact moves more proximally on
the patella [4]. As flexion reaches 120 degrees, only the most

medial and lateral aspects of the patella contact the femoral
condyles. Increasing flexion also increases the area of contact
between the patella and the trochlea.

Before attempting an arthroscopic intervention, the
orthopaedist must understand the broader concept of the bal-
anced forces at work on the patella through the range of
motion. Not unlike the shoulder, patellar stability is provided
by both bony and ligamentous restraints, with supplemental
support from muscular actions. The arthroscope is a powerful
tool that may be used to restore balance to patellar tracking
and improve tissue homeostasis.

Patient History

As with any history, the main focus should be the patient’s
perception of the disability. Important questions include the
quality of pain experienced, the frequency, and any inciting
events. It is critical to establish whether the pain resulted
from a specific injury or spontaneously appeared [11]. Spe-
cific traumatic events should be explored in detail to establish
their relationship to current symptoms. Blunt trauma may, for
example, be the inciting cause of cartilage destruction that
causes ongoing pain.

Once basic details have been obtained, patellofemoral
symptoms may be broadly grouped into two categories: pain
and pain with symptomatic instability [3]. Whereas pain
generally accompanies patellar instability, the fundamental
pathologic event associated with patellar instability is sub-
luxation or dislocation of the patella. Instability events may
require a reduction or may spontaneously reduce, but the
common thread is a movement of the patella off the artic-
ulation with the femur, most often toward the lateral side.
Such events are typically associated with weight-bearing
and torsional trauma, but they may require less precipitating
mechanical circumstances with recurrent events. It is impor-
tant to rule out secondary causes of “knee giving way” such
as quadriceps inhibition secondary to pain, deconditioning,
or effusion, which may masquerade as instability [12]. Other
common causes of anterior knee pain should be explored
before focusing on the patellofemoral joint. Both patellar and
quadriceps tendonitis can be mistaken for more complicated
diagnostic entities, but a focused soft tissue examination of
the knee should expose these problems.

Once instability has been ruled out as the primary prob-
lem, the clinician’s attention may turn to other causes
of patellofemoral pain. Ongoing pain is often ascribed to
malalignment within the patellofemoral system, but a care-
ful examiner should be able to discover how increasing
demands may have stressed a system that previously was
quite capable of functioning without pain. If no discrete
injury can be established, recent increases in activity levels
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should be explored as potential causes of overuse phenom-
ena. In such an overuse scenario, the examiner must estab-
lish if the pain or disability was present prior to the increase
in functional demands. Equally important is the recognition
of patellofemoral pain that arrives as an entirely new problem
related to new demands on the joint.

The location of the pain is also a vital component of cor-
rect diagnosis, and research has shown that patient-generated
“pain maps” may help narrow the anatomic focus of any
examination [13]. Listening carefully to the patient will yield
vital information. Is the pain vague and diffuse or sharp and
well localized? Is the pain “deep” or behind the patella? Is it
intermittent or constant? To what extent does activity influ-
ence the pain? If the pain is associated with activity, it is
important to gather as much detail as possible about the activ-
ity in questions (i.e., flexion angle of the knee that elicits
maximum pain, pain after running, pain while coming down
stairs but not up, etc.) [11].

Another vital component of a complete history is review
of prior surgical procedures. Such procedures may be
patellofemoral related (lateral release; chondroplasty) or they
may be general knee procedures (anterior cruciate ligament
[ACL] reconstruction with patellar tendon graft; meniscec-
tomy). It is important to establish the type of pain and dis-
ability that existed before any surgical procedures and to
further define how symptoms changed after a procedure,
especially if prior surgical procedures were targeted at the
patellofemoral joint. Prior operative notes and any available
presurgical imaging can be invaluable in assessing a postop-
erative patient.

Finally, be aware of other medical issues that may mani-
fest as patellofemoral joint or anterior knee pain. Considera-
tion must be given to inflammatory arthropathies, metabolic
disorders, and infections such as Lyme disease that may mas-
querade as knee pain [12]. At the close of the history, patient
expectations about desired activities and work requirements
should be explored to ensure that both patient and surgeon
maintain realistic goals.

Physical Examination

Recommended references for the patellofemoral
exam include the clinical approaches to patients with
patellofemoral disorders written by Post [3, 12]. Impor-
tant points regarding the general examination include the
following:

1. The primary goal is to appreciate factors that influence
articular and retinacular forces and alignment.

2. Physical exam maneuvers often have no “normal” value,
so assessing the contralateral (if asymptomatic) leg pro-
vides a valuable reference.

3. Measurable malalignment may or may not be a key fac-
tor in the specific disorder experienced by the patient.
Malalignment may exist asymptomatically and may be
important only in the presence of injury, repetitive over-
load, or neuromuscular decompensation.

With these principles in mind, a careful physical exami-
nation is the primary tool in detecting pathology that may be
amenable to arthroscopic intervention.

Observation of the knee may reveal skin changes, calluses
from kneeling, surgical scars, or alterations of skin color.
Standing alignment of the legs should be viewed from both
the front and back of the patient, taking care to evaluate
foot pronation [11]. Excessive pronation may contribute to
patellofemoral malalignment [14]. Gait patterns should be
evaluated while visualizing the entire limb. While the patient
is standing, core stability and hip strength may be assessed.
Weakness of the pelvic stabilizers and hip external rotators
has been implicated in functional internal rotation of the
femur, which can contribute to patellar maltracking and pain.
Asking the patient to lift the unaffected limb off the ground
and then perform a simple one-legged squat can reveal exces-
sive hip internal rotation and pelvic instability [7, 11, 15].
Once corrected, these muscle imbalances may dramatically
improve symptoms. A step-down, step-up test may be con-
ducted in the office with a standing stool. The patient should
step-down and then step-up with the unaffected knee first,
then reverse the order. Pain in the affected leg in early flex-
ion may indicate a distal pole lesion, contacting the femur as
the patella enters the trochlea.

Once the patient is supine, palpation of the knee can reveal
hypersensitivity. It is especially important to explore prior
surgical areas for potential neuromas. Examine the knee in
both the flexed and extended positions. View the patella as
the knee flexes to determine if it centralizes early in flexion.
Palpation of the patella during flexion and extension of the
knee can detect crepitation that is linked to pain. A painful
plica may be palpated during these cycles, particularly on
the medial side [16]. If cartilage lesions are suspected, the
patella may be loaded with the knee in any fixed position of
flexion to try and determine the location of damage. If the
pain is greater near extension, this may indicate a lesion in
the inferior pole of the patella, whereas pain with loading of
the patella in greater flexion may indicate a proximal patellar
lesion [17]. Patients with a history of prior lateral release or
prior medial soft tissue procedures should be carefully eval-
uated for medial subluxation. With the knee extended, dis-
place the patella medially. Flex the knee while maintaining a
medially directed force. In cases of medial subluxation, this
produces a disabling, painful reaction [18].



116 J.T. Spang and J.P. Fulkerson

The lateral retinacular structures should be thoroughly
evaluated. Patella mobility should be carefully examined,
with emphasis on patellar tilt. In general, the lateral patella
border should be free enough to be elevated above the neutral
axis of the knee (parallel to the floor for the supine patient).
The iliotibial band should be palpated, and the patient may be
placed in the lateral position to adequately assess the band as
the knee is flexed and extended.

The competency of the medial retinacular structures may
be examined throughout the range of motion. The extended
leg is brought into flexion while a mild laterally directed
force is applied to the patella. If the MPFL is intact, the
examiner should feel the pull of the patella as it is directed
into the trochlear groove by the MPFL in early flexion. Lack
of this medially directed force on the patella during early
flexion indicates a disruption of tissue homeostasis surround-
ing the patella. Once discovered, this medial laxity should
be carefully compared with lateral retinacular tightness and
overall limb alignment (Q angle and tibial tubercle–trochlear
groove) [19] to assess the current forces at work on the
patellofemoral joint.

A prone examination is required during any initial meet-
ing. With the pelvis stabilized, the knees should be max-
imally flexed in order to determine joint flexibility. For
those patients with excessive quadriceps tightness and lim-
ited mobility, a sustained stretching program can bring symp-
tomatic relief.

In general, the clinician should attempt to understand
the balance, or lack thereof, surrounding the affected knee.
Determining which restraints are deficient or overly tight
allows a rational approach to stabilization and restoration
of balance. Ultimately, this may require releasing tight
restraints and restoring appropriate stability surgically [11].

Imaging

Each patient should have a weight-bearing posterior-anterior
radiograph in slight flexion, a precise lateral radiograph (pos-
terior condyles overlapped), and an axial radiograph in 30–45
degrees of flexion [11, 12]. The axial and lateral views pro-
vide valuable information, and correct technique must be
employed. Axial views in an extreme degree of flexion will
draw the patella into the trochlea, missing more subtle insta-
bilities that may be present. Criteria for normal alignment
have been well established [20–22]. Briefly, the Merchant
congruence angle as later studied by Aglietti et al. [20] at
45 degrees of flexion is abnormal if it is >6 degrees in males
and >2 degrees in females. In addition to congruence, axial
radiographs are useful in identifying subluxation, joint space
narrowing, osteophytes, and other patellar deformities [12].

A proper lateral radiograph can reveal trochlear dysplasia
and rotational patellar malalignment [23–25].

Further evaluation of patella alignment may be accom-
plished by computed tomography (CT) at increasing angles
of knee flexion (0 degrees, 15 degrees, 30 degrees, and 45
degrees). Midpatellar transverse images will allow a compar-
ison of patellar location within the trochlea and evaluation of
the tibial tubercle [19]. This information may be helpful in
determining the need for an open realignment procedure. It
can be very helpful also to establish the medial-lateral tomo-
graphic distance between the tibial tubercle (TT) and the
trochlear groove (TG) and thus determine the TT-TG index.
A TT-TG index >15 is generally accepted as abnormal.

Magnetic resonance imaging (MRI) capabilities have
increased, allowing evaluation of cartilage surfaces and an
assessment of subchondral bone. Soft tissue contributors to
anterior knee pain may be visible, such as irritated synovium,
excessive scarring from prior procedures, or other intraartic-
ular pathology presenting as patellofemoral pain. Post cau-
tions that higher-level radiographic studies such as CT and
MRI “are most valuable when used to confirm and refine the
clinical impression” [12].

Operative Techniques

Lateral Release

Indications

Indications for lateral release remain controversial [26]. A
survey of international surgeons with a specific interest in
patellofemoral surgery noted most surgeons performed iso-
lated lateral release less than 10 times a year [27]. With
the advent of arthroscopy, lateral release was used to treat
generic anterior knee pain, patella instability, and osteoarthri-
tis of the patellofemoral joint. Results for such broad appli-
cations were disappointing [28]. Lateral release has the best
reported results when patients have clear tightness of the
lateral retinacular tissues and evidence of excessive pres-
sure on the lateral patellofemoral joint as defined by Ficat,
but not instability or severe patellofemoral osteoarthritis
[29–32]. Physical examination should support the diagnosis
by confirming the inability to evert the patella to neutral from
the lateral side, restricted medial mobility due to lateral reti-
nacular tightness, and radiographic confirmation of excessive
lateral tilt [32–34]. With the advent of improved MRI capa-
bilities, bone edema visible on the lateral femur and on the
lateral facet of the patella or cartilage compromise on the lat-
eral facet of the patella can help confirm clinical suspicions
[35]. Otherwise, radiographs, CT, or MRI should be used
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Fig. 3 Patellar tilt visible at arthroscopy

Fig. 4 Patellar tilt visible on preoperative MRI scan

confirm excessive tilt of the patella (Figs. 3 and 4). Of the
clinically available reports, one of the longest follow-up stud-
ies reported 70% satisfaction in patients with isolated lateral
release who did not have patellofemoral instability or major
cartilage lesions at the time of surgery, whereas patients with
either of those two confounding factors reported only 50%
satisfaction [36].

Lateral release may also be employed as an adjunct tech-
nique. If severe cartilage disease is to be treated on either
the lateral patella or lateral trochlea, lateral release may be
considered as an additional step to offload the damaged area.
Lateral release is also an important addition if arthroscopic
medial imbrication is to be attempted. When considering
a medial tightening procedure, a surgeon should critically
assess the need for a lateral release to offload pressure on

the lateral side while allowing appropriate balancing of the
medial tissues.

Contraindications

In contemplating an arthroscopic approach to the
patellofemoral joint, it is critical to understand the lim-
itations of arthroscopy, and the treatment of patella
instability with a simple arthroscopic lateral release seems
to be contraindicated. A review by Lattermann et al. [28]
concluded that isolated lateral release (an arthroscopic-only
approach to patella instability) “has little or no role in the
treatment of acute or chronic patella instability.” This review
cited studies by Aglietti et al. [37] and Dainer et al. [38], who
showed generally poor outcomes in patients with instability
treated by lateral release alone. Other authors have reported
the results of lateral release alone in the treatment of patellar
instability, also with disappointing results [39].

In addition, patients with hypermobility of the patella
(excessive medial and lateral translation of the patella; evi-
dence of generalized ligamentous laxity) have been reported
to have poor results with lateral release [26, 40].

Technique

Patient positioning in the supine position with the leg
extended on the operating room table will allow good mobil-
ity and visualization for an anticipated lateral release. The
arthroscope may be inserted through an inferior-medial por-
tal to begin the procedure, allowing better assessment of
patellar positioning and the lateral structures during initial
arthroscopic evaluation. It is possible to complete a diagnos-
tic arthroscopy with visualization of the patellofemoral joint,
medial joint space, notch, and lateral joint space through the
initial medial portal. Attention can then be returned to the
patellofemoral joint. The knee should be flexed and extended
to ensure a complete view of patella tracking. Excessive lat-
eral contact and tight lateral retinacular tissues should be
confirmed, even with fluid insufflation of the joint. Careful
examination of the cartilage on both major patella facets and
the trochlea is important to predict outcomes (Figs. 5 and 6).
Basic research has shown that lateral release does not sig-
nificantly decrease contact forces in the patellofemoral joint,
but it does shift the contact areas more medial [41]. Thus,
it is important to document the status of the surface for the
medial trochlea and patella. Needle localization may be used
to create an inferior-lateral portal to ensure proper access
to the lateral tissues. Electrocautery of some type, including
radiofrequency or conventional Bovie, is helpful in minimiz-
ing bleeding during the procedure. Although a tourniquet is
applied, slow and careful use of electrocautery can obviate
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Fig. 5 Cartilage fissuring without fragmentation

Fig. 6 Global patella and trochlear cartilage wear

the need for routine tourniquet use while ensuring proper
homeostasis postoperatively. Ideally, the release should begin
at the proximal pole of the patella, taking care to avoid the
vastus lateralis insertion (Fig. 7). Release is complete when
the subcutaneous fat is visible. The surgeon should concen-
trate in one small area with limited need to move the arthro-
scope during the release. This will allow timely cautery as
vessels are encountered. Once the subcutaneous fat is visu-
alized, the release may be carried inferiorly. Intermittent and
careful application of the electrocautery is required to ensure
heat does not penetrate to the skin level. Care should be taken
to release inferiorly enough to ensure that the inferior pole of
the patella is not tethered by tissue bands.

Fig. 7 Lateral release to proximal pole of patella

Once the release is completed, a repeat flexion-extension
cycle may be visualized to ensure adequate mobilization of
the lateral patella. A standard Merchant axial radiograph or
postoperative CT should reveal correction of abnormal patel-
lar tilt after lateral release (Fig. 8A, B).

Patella Tilt Angle (PTA) = 0° Patella Tilt Angle (PTA) = 17°

Fig. 8 (A) Preoperative CT scan showing patellar tilt. (B) Postoper-
ative CT scan showing improved patellar tilt. (From Shea KP, Fulker-
son JP. Preoperative computed tomography scanning and arthroscopy
in predicting outcome after lateral retinacular release. Arthroscopy
1992;8:327–334. Copyright © 1992 Arthroscopy Association of North
America. Reprinted with permission of Elsevier.)
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Rehabilitation

Rehabilitation for lateral release procedures attempts to
respect the soft tissue healing while encouraging appropriate
range of motion. An early follow-up visit allows assessment
of postoperative swelling and tissue reaction. Aspiration of
any inhibitory hemarthrosis is helpful. During this time,
the patient may gradually move quickly to full weight-
bearing as comfort allows. When the soft tissue swelling is
reduced, the patient should start gentle bicycle exercise. As
motion improves, the patient should transition to a more for-
mal physical therapy regimen that increases to full flexion.
Strengthening exercises for the quadriceps should start on
day 1. An aggressive strengthening program may be begun
once full motion is obtained and motion does not cause
inhibitory lateral-sided discomfort.

Complications

Hemarthrosis after lateral release has been reported at
rates ranging from 0 to 42%. A recent review noted most
series have reported rates of <10% [26, 42–44]. Another
review from Digiulio and Donaldson noted an incidence of
4.5% [45]. Careful attention to homeostasis with appropri-
ate “post-release” visualization will limit this complication.
Routine use of tourniquet without removal prior to end of
procedure may result in missed vessel transaction and inade-
quate homeostasis.

Incomplete release of the inferior tissues can result in con-
tinued lateral tilt and inadequate symptom relief. Care should
be taken to visualize the inferior tissues through the medial
portal. Instruments may be inserted through the inferior-
lateral portal to confirm no tissue bands exist connecting the
lateral retinaculum and the inferior patella.

Excessive release may lead to the devastating problem of
medial patellar instability [11, 46]. Release should ideally
end at the proximal pole of the patella, taking care to pre-
serve the vastus lateralis. In addition, preoperative screening
should prevent the patient with patella hypermobility from
receiving a procedure that may increase patella imbalance.
Aggressive release also has resulted in at least one report of
quadriceps rupture [47].

Excessive pain may be present if medial articular lesions
on the patella or the trochlea were not recognized at the time
of lateral release. Increasing contact forces on areas of dam-
aged cartilage are possible if a lateral release is performed in
the setting of notable medial patellofemoral disease.

Although the use of an electrocautery device is recom-
mended, reports of skin burns secondary to lateral release
have been reported [48]. Careful and intermittent use of
cautery is advisable.

Cartilage Procedures

Indications for Chondroplasty

The cartilage of the patella and trochlea are easily accessi-
ble for the arthroscopist; thus the temptation to operate is
great. Patients who have failed a comprehensive nonopera-
tive management based on their symptoms and history may
benefit from arthroscopic examination and a cartilage pro-
cedure. As with many patellofemoral problems, a restrained
approach to cartilage debridement is warranted. In a review
of arthroscopic treatment of the patellofemoral joint with
severe articular disease, Lee and Kelly advocated careful
debridement [49]. They recommended not converting partial-
thickness lesions to full-thickness lesions, removal of car-
tilage flaps only if they appear unstable, and maintenance
of the subchondral plate except in the case of small lesions
with an intact surrounding rim. This moderate approach is a
reasonable theme when approaching patellofemoral articular
disease.

Those patients with a distinct traumatic event should have
clinical evidence of cartilage damage (positive compression
test at a reproducible degree of knee flexion) and should ide-
ally have imaging studies that corroborate the clinician’s sus-
picion of cartilage damage. MRI may be particularly help-
ful in diagnosing discrete lesions of the patellofemoral joint.
Debridement of loose bodies created by the trauma and treat-
ment of cartilage damage may be helpful (Fig. 9). In one
report, those patients with traumatic cartilage damage and

Fig. 9 Posttraumatic lesion trochlea
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reported Outerbridge grade II or III lesions of the patella
benefited from arthroscopic debridement. Good or excellent
results were reported in 58% of the group, and all but 4 of 36
patients thought the surgery was beneficial [50]. One group
reported on 37 patients with supposed atraumatic osteochon-
dritis dissecans of the patellofemoral joint (24 patella, 13
trochlea), but the study did not report on the results of treat-
ment [51].

Patients with evidence of long-standing lateral compres-
sion syndrome or patellar maltracking may have physi-
cal findings consistent with retro–patellar cartilage damage.
Painful crepitus through range of motion, pain with a simu-
lated step-up or step-down, and MRI evidence of unhealthy
cartilage may warrant arthroscopic examination and treat-
ment. In comparison with their above-reported results for
traumatic patella lesions, Federico and Reider [50] reported a
good to excellent outcome rate of 41% in patients with atrau-
matic Outerbridge II or III lesions of the patella. Again, when
combined with the traumatic group, all but 4 of 36 patients
believed the surgery provided some benefits. Other authors
have advocated use of radiofrequency probes for cartilage
debridement of the patellofemoral joint [52, 53], with at least
one randomized comparison with mechanical debridement
favoring radiofrequency ablation [52]. Although radiofre-
quency probes have been studied in the basic science and
clinical area [54–56], their safety and efficacy over the long
term is not yet ensured.

For those patients with long-standing patellofemoral dis-
ease, clear osteoarthritis may be noted on axial radiographs.
If the pain is debilitating, arthroscopic debridement in combi-
nation with a lateral release for objective tilt and lateral tether
is a viable, minimally invasive option for symptom reduction
of primarily lateral facet disease [57].

Technique for Chondroplasty

Starting with an inferior-medial portal in the extended leg
is an excellent arthroscopic approach to the patellofemoral
joint. From this portal, an evaluation of all knee compart-
ments can be accomplished, ruling out other intraarticular
pathology. Once this has been accomplished, a thorough
arthroscopic assessment of the patella and trochlea is pos-
sible with both static (stationary in any flexion angle) and
dynamic (knee flexion-extension to evaluate congruence
and tracking) positioning. Typically, the lateral facet of the
patella and the lateral condyle are the areas of interest, but the
inferior-medial viewing portal allows excellent visualization
of the entire joint. A probe is a vital instrument in assessing
the state of the cartilage. If softened cartilage is encountered,
a probe will help determine if it is stable (Fig. 10). If the car-
tilage in question does not have large fissures and is in fact in

Fig. 10 Soft cartilage tested with arthroscopic probe

continuity with the surrounding cartilage rim, it is preferable
to leave this barrier in place.

If debridement is required, needle localization may be
used to create either inferior or superior-lateral portals. This
should allow good access for any debridement or chon-
droplasty procedure. Occasionally, the superior-medial por-
tal can be used for instrument passage. Keep in mind that
the arthroscope can also be shifted to any portal quickly and
easily with the use of a switching stick to move the cannula
quickly and efficiently. This allows different angles of visual-
ization and instrumentation to carry out a thorough treatment
of the patella. Be sure to maximize debridement and instru-
mentation with the arthroscope in one position before chang-

Fig. 11 Chondroplasty of distal patella
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ing portals in order to avoid repeated instrument insertion
and soft tissue trauma (Fig. 11). It can be helpful to have an
assistant stabilize or tilt the patella to improve access when
the knee is fully extended. Keeping in mind the “less is more”
theory of cartilage debridement, concentrate on removing all
loose cartilage fragments and creating stable borders for any
treated lesion.

Rehabilitation for Chondroplasty

Chondroplasty is a well-tolerated procedure that in most
cases has a relatively benign postoperative course. Although
occasional effusions may arise in the immediate postoper-
ative period, there are no major contraindications to move-
ment or weight-bearing in the postoperative period. Imme-
diate range of motion and full weight-bearing may begin in
the postoperative period, with caution to limit the range of
motion to a nonpainful arc. After 3–5 days of limited motion,
a more aggressive focus on increasing range of motion may
be undertaken. After 1 week, patients should strive to have
full extension and flexion of 90 degrees. Strengthening exer-
cises may be begun once 90 degrees of flexion is comfort-
ably achieved. A short course of focused physical therapy
can help with patient instruction for strengthening and range
of motion after the initial postoperative visit.

Indications for Microfracture

When cartilage damage is suspected, MRI may indicate a dis-
crete area of damage on the patella or the trochlea. Encoun-
tering discrete cartilage lesions in the patellofemoral joint is
uncommon, but different options do exist. Although reports
continue to be published about the success of autologous
chondrocyte implantation [58, 59], other larger-scale studies
do not yet show an overwhelming benefit when compared
with microfracture [60, 61]. Therefore, it remains reasonable
to treat discrete cartilage lesions of intermediate size (about
1.5 cm × 1.5 cm) in the trochlea with microfracture as a first
line of treatment.

Discrete lesions on the patella present a more challenging
dilemma. Appropriate preparation of a suitable microfrac-
ture bed with vertical walls is difficult on the patella, and
obtaining the correct angle for microfracture entry is chal-
lenging. Coupled with the strength of the subchondral bone,
microfracture for the patella is technically demanding. It may
be advisable to simply remove all loose cartilage back to
a stable rim. If a marrow stimulation procedure is desired,
drilling of the subchondral bone may be considered. Ulti-
mately, the patient’s postoperative course may indicate the
need for a more involved procedure (autologous chondro-
cyte implantations (ACI), Osteochondral autograft transfer
system (OATS), allograft plug) for discrete cartilage lesions.

Technique for Microfracture

The theory and techniques for microfracture have been
reviewed in detail by Steadman et al. [62] Particular attention
must be paid to achieving a stable rim in the trochlear region.
Ring curettes and small osteotomes can be helpful in trying
to achieve the vertical, stable rim of healthy cartilage asso-
ciated with good outcomes (Fig. 12). When the time comes
for a microfracture on the lateral side, consideration should
be given to a lateral release to offload the affected area. This
course of action is not automatic, and it is only recommended
if the surgeon believes excessive lateral tightness exists. If
excessive lateral retinacular tightness is confirmed on pre-
operative exam, and intraoperative examination confirms the
affected area will likely continue to see excessive articular
forces, then lateral release may be added to a microfracture
technique. There are no reliable results in the literature about
microfracture of the patella.

Rehabilitation for Microfracture

The rehabilitation for microfracture has been a source of
debate in the orthopaedic literature [62, 63]. In general,
the authors recommend range of motion in the immediate
postoperative period and touch-down weight-bearing only.
Crutches are a requirement in order to limit load across the
knee. Physical therapy may be begun to increase motion,
with a focus on achieving 90 degrees of flexion in the first
few weeks. After 4 weeks, partial weight-bearing is allowed
and full knee flexion may be sought. If required, additional
strengthening programs may begin at this point. At 6 weeks,

Fig. 12 Microfracture of the trochlea
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all limitations to weight-bearing are removed, and the patient
may be instructed in a final strengthening program and
weight-bearing tolerated.

Complications for Chondroplasty and Microfracture

Routine complications associated with arthroscopy such as
infection [64–66] or thrombosis [67] may be anticipated.
Aggressive debridement has been reported to cause cystic
degeneration of the patella in at least one report [68]. The
most likely negative outcome from a cartilage debridement
or marrow stimulation procedure is likely to be continued
symptoms. Careful surgical technique should assure the sur-
geon that he or she may proceed with the confidence that he
or she will not increase postoperative symptoms.

Medial Retinacular Imbrication

Indications

The decision to approach patella malalignment or instability
arthroscopically must be carefully considered. Recent atten-
tion has focused on the MPFL as the main source of medial
balance for the patella [8, 10]. For patients with disruption of
this medial restraint, arthroscopic MPFL/medial retinacular
tightening may be considered. Important physical exam find-
ings would include a lax MPFL with knee flexion and normal
bony alignment. Bicos et al. noted that MPFL reconstruction
should not be seen as a tether designed to compensate for
extreme bony malalignment (noted as a TT-TG of >20 mm,
where the TT-TG is a CT comparison of the tibial tuber-
cle and trochlear groove on overlying images) [10]. Con-
sideration of the natural course of the MPFL (from its ori-
gin just distal to the adductor tubercle to its insertion on the
intersection of the proximal and middle thirds of the medial
patella) is important when considering arthroscopic tighten-
ing procedures. Overzealous imbrication of the medial tis-
sues may upset the natural balance of the MPFL (tightest
at 30 degrees of flexion, then progressively lax) and lead to
medial joint overload [69]. Tom and Fulkerson reported that
patients who have experienced dislocations often have heal-
ing of the MPFL after injury [70]. They reported that more
than 90% of patients examined with use of an open medial
patellar approach had objective healing of the MPFL and
were therefore candidates for MPFL advancement or imbri-
cation rather than tendon graft reconstruction. Thus, patients
who have suffered a dislocation and have lost the medial
restraint may, in fact, have sufficient tissue to imbricate in
the correct anatomic alignment of the native MPFL. Multi-
ple authors have reported case series of arthroscopic medial

imbrication using some type of suture. All have reported
good short-term clinical results, with failure rates roughly
approximating most open technique reports [71–75]. Among
those reports, Shoettle et al. was the only group that did not
routinely add a lateral release along with the medial tighten-
ing procedure [75]. At least one group has reported on the
successful combination of lateral release with medial ther-
mal tissue shrinkage [76], but the authors of this chapter do
not advocate this. Another group has reported on the repair
of the MPFL using suture anchors into the patella [77].

If a patient does not have bony malalignment, arthroscopy
must establish viable tissues exist for tightening in the medial
retinaculum. In addition, the patella insertion of the tissues
must not be compromised or any tightening procedure will
not extend to the medial patella. When combined with an
appropriate lateral release, medial imbrication of the retinac-
ulum in the line of the native MPFL appears to restore patella
stability in select cases. Our approach is to use less invasive
options first and save open tendon graft reconstruction of the
MPFL for failures and more severe cases.

Technique

A thorough arthroscopic examination should include the sta-
tus of the medial tissues. Ideally, a band in the appropriate
anatomic direction of the MPFL should be visualized at the
time of arthroscopy. If considered, a lateral release should
be performed prior to beginning medial imbrication. The
medial tissue may be lightly roughed by a shaver without
suction or a rasp to stimulate a healing response. A spinal
needle can be introduced from the medial side through the
medial MPFL remnant and into the joint. An absorbable
PDS, Ethicon, located in Summit, NJ suture may be passed
into the joint. With the addition of a small stab incision on
the medial knee, a penetrating device may be introduced
to grasp the free end of the suture and retrieve it outside
of the knee (Fig. 13). Tissue between the medial entry of
each suture limb should be released so the suture will be
tied directly on the capsule. At this point, additional sutures
may be placed prior to final tying in order to adjust tension
(Fig. 14). Alternatively, the surgeon may take one free end of
the already passed suture and direct it again through a care-
fully directed spinal needle above the previous loop of suture.
The surgeon may again use a penetrator to grasp the free
suture end below the first loop in order to create a cruciform
suture.

This process may be repeated, taking care to stay in
the anatomic course of the native MPFL. Tension may be
adjusted by differential tying, and visualization of patellar
tracking should provide instant feedback as to the appropri-
ateness of the tension. Each suture should be tied over the
capsule at the close of the procedure.
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Fig. 13 Grasping medial suture with tissue penetrator

Fig. 14 Completed medial imbrication

Rehabilitation

Medial imbrication rehabilitation relies on soft tissue heal-
ing and limited postoperative motion to achieve optimal tis-
sue healing. The protocol is very similar to the lateral release
plan, and medial imbrication is often paired with lateral
release, but initially patients remain in a knee immobilizer
for 2–3 weeks to allow soft tissue healing. Partial weight-
bearing is tolerated with advance to full weight-bearing as
pain allows. After the healing period, patients begin by flex-
ing the knee to 90 degrees once daily to maintain mobil-
ity. As motion and comfort increase, formal physical therapy
may begin with the goal of restoring normal motion. After
5–6 weeks, a formal strengthening program may begin, along
with proprioceptive training, core stability, and full weight-
bearing.

Complications

Medial tissue imbrication has been reported without major
complications. The most common complication is failure of
the repair. Failure of medial imbrication should be mini-
mized by careful evaluation of the patella after both a lat-
eral release and medial imbrication. Examination of patellar
tracking with and without joint insufflation should allow the
surgeon to critically asses the amount of stability afforded
by the procedure. This should allow fine tuning with addi-
tion or subtraction of imbrication stitches to achieve adequate
medial-lateral balance in early flexion. If arthroscopic medial
stabilization is not sufficient, the surgeon must be ready and
able to proceed with an appropriate MPFL reconstruction in
an open fashion.

It is clear that overtightening the medial tissues is
possible; thus care must be taken to achieve the goal
of restoring patellar stability in early flexion without
excessive tightening. Again, the ability to review and
adjust tension using arthroscopic visualization of multi-
ple flexion-extension cycles is paramount. If notable car-
tilage damage exists on the medial facet of the patella
(not uncommon after dislocation) or the medial trochlea,
extra care must be taken not to overload these damaged
surfaces.

Entrapment or damage to the branches of the saphenous
vein and nerve are possible, depending on the technique used
for imbrication. Such complications may be avoided by con-
centrating the sutures over a small area in line with the MPFL
and only slightly medial to the patella.

Clinical Pearls

Evaluating Patients with Prior Surgical History

Patients with anterior knee pain have often had prior sur-
gical procedures, sometimes well removed from the cur-
rent visit. It bears repeating that critical information that
changes the treatment plan can be contained in prior oper-
ative reports and arthroscopic images. Often explaining to
the patient the value of prior surgical information can pro-
vide the stimulus needed for the patient to assist with
record recovery in a proactive manner. A comprehensive
soft tissue examination of the peripatellar regions often
will reveal a postarthroscopy portal neuroma. Special atten-
tion should be paid to the areas surrounding portal scars.
This postoperative complication of arthroscopy often is
neglected in the patient who initially presented with anterior
knee pain.
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Limiting Bleeding After Lateral Release

After the majority of the lateral release has been completed,
additional operating time to ensure adequate homeostasis can
prevent may problems. A small area of the release can be
viewed with the arthroscope, and the electrocautery device
should be left in the visual field. Inflow of fluid into the joint
may be stopped, and fluid may be slowly released out of the
joint. If done carefully, small bleeding vessels will present
themselves. Outflow may be stopped, and the well-positioned
electrocautery can cauterize any vessels in the field of view.
Inflow may be reapplied, the knee reinsufflated, and the pro-
cess repeated. Typically, a few cycles are required to achieve
complete homeostasis. Although this process does extend
the surgical time, its potential benefits are well worth the
investment.

Evaluating the Medial Knee Capsule when
Considering Medial Imbrication

The techniques described above require a healed medial cap-
sule with a biomechanically present, but lengthened, MPFL.
In order for arthroscopic medial imbrication to be effec-

tive, the medial tissue must insert on the medial patella
and maintain its longitudinal orientation. During the initial
arthroscopy, the medial patella should be carefully examined.
Often, a complete medial capsular failure may be noted with
increasing exposure of the medial patella and a ballooning of
the medial capsule. In these cases, medial imbrication will
not deliver the desired medial pull on the patella. More com-
monly, a thickening of the medial capsule as in the shoulder
can still be visualized, with a clear attachment to the medial
patella. In this case, medial imbrication may be considered.

Summary

The technical skills required for effective patellofemoral
joint arthroscopic surgery are well within the grasp of any
surgeon with arthroscopic experience. Far more important
is a better understanding of the possible causes of pain in
the anterior knee and the appropriate application of surgical
techniques. The forces acting on the patella and the soft tis-
sues of the anterior knee can be changed with the application
of careful arthroscopic techniques. A comprehensive phys-
ical exam, when supplemented by good imaging (includ-
ing MRI), can help the surgeon target procedures to specific
pain-generating regions and improve outcomes.

Case Report

Case 1: Chondroplasty

Chief Complaint and Patient History: A 37-year-old woman presents with long-term (15-year) vague anterior knee
pain. She is active as a recreational tennis player, but recent pain has limited her play. Recent increasing symptoms include
problems climbing stairs and an increase in painful crepitus with walking. She is no longer able to complete a tennis match.
She localizes the worst of the pain to the middle of the knee “on the inside.” She reports no recent trauma and has not had
prior surgery. No effusions are reported. She has undergone 3 weeks of well-designed physical therapy and has had two
trials of prescribed nonsteroidal medications in the past 3 months.

Physical Exam: Physical exam reveals a mild limp with walking, good core stability, and normal leg alignment. Pal-
pation of the anterior knee yields no areas of discrete pain. Prone knee flexion is mildly limited on the affected side (Fig.
15A). The patella is stable and tracks well through a complete range of motion. The lateral retinaculum is mildly tight,
but the patella may be tilted to neutral or parallel to the floor. Patella compression at different angles of knee flexion is
markedly positive, with painful crepitus in early flexion that resolves after 45 degrees of flexion (Fig. 15B). The step-down
test causes notable pain when the affected side remains on the stool in early flexion.

Imaging: Radiographs in the office setting are normal. MRI scan brought by the patient to the office does not show
discrete pathology. A CT scan shows mild patellar tilt (Fig. 15C).

Surgery/Treatment: The decision to proceed to operative treatment comes from the physical exam findings that indicate
a distal patella lesion. Given the recent increase in pain with stairs and the positive step-down test, this anatomic location
is considered the prime target area. The lack of recent trauma and the progressive and long-term nature of the patient’s
anterior knee pain make a cartilage/wear lesion more likely. Findings at the time of arthroscopic evaluation included a
grade III lesion of the distal pole of the patella (2 cm × 2 cm) that was debrided back to stable cartilage (Fig. 15D).
The patient experienced a significant, although not complete, reduction in symptoms that allowed a return to the desired
activities with occasional nonsteroidal drug use for pain reduction.
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Fig. 15 Case 1. (A) Slightly limited knee flexion. (B) Compression elicits specific pain at specific flexion angle. (C) CT scan with minimal tilt.
(D) Chondroplasty of distal patella
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Surgical Management of Anterior Cruciate Ligament Injuries

Mark E. Steiner

Introduction

An anterior cruciate ligament (ACL) injury produces an
athletic disability that is the most common knee injury to
require a ligament reconstruction. Recent research has con-
tributed to a better understanding of all aspects of this injury,
but it is particularly in the areas of kinematics, graft place-
ment, and graft fixation that the greatest improvements have
occurred. Controversy abounds in the treatment of this injury,
partly due to the difficulty in assessing results of treatment,
but an understanding of the controversies is necessary in
order to make informed treatment plans. This chapter will
address the most current methodologies for ACL injury care
relevant to the surgeon and team physician.

Anatomy

The ACL has an average length between 31 mm [1] and
38 mm [2] along its anterior border, but the ligament has
an hourglass shape, and this shape defies simple length and
width measurements. Further complicating a description of
the ligament is the observation that the ligament is composed
of two bands [3]. Whereas it is not a unanimous opinion
that two bands exist, most observers have reported two bands
and labeled them based on their tibial attachments: anterome-
dial band and posterolateral band [4]. A magnetic resonance
imaging (MRI) analysis reported the anteromedial band as

This chapter was written concurrently with an article on the same topic
published in the American Journal of Sports Medicine. Though the
article and this chapter are similar in scope, they are markedly different
and neither was used as a source for the other.

M.E. Steiner (�)
Orthopaedic Sports Medicine, Department of Orthopaedic Surgery,
New England Baptist Hospital, Harvard Medical School, Tufts
Medical School, Boston, Massachusetts

27 mm in length and the posterolateral band as 22 mm in
length [5]. The two bands are best appreciated when the knee
is flexed when the posterolateral band rotates inferior and lat-
eral to the more isometric anterior band.

The alignment of the overall ligament and its component
bands is affected by knee flexion angle. In the coronal plane
with the knee close to full extension, MRI images reveal a
19-degree angle between the ligament and the tibial shaft
[5–7]; however, flexion increases this angle, and a coronal
angle of 42 degrees has been recorded when the knee is
flexed 90 degrees [8]. In the sagittal plane, MRI measure-
ments with the knee in extension record a 35-degree angle
between the central axis of the ACL and the tibial shaft [5,
7] and a 47-degree angle for just the posterolateral band.
Biomechanical models dictate a greater angle between the
ACL and the tibial shaft with increased knee flexion [9], and
a measurement of 55 degrees between the central axis of the
ACL and the tibial shaft with the knee flexed 90 degrees
has been reported [8]. Because reconstructive procedures are
generally performed with the knee in flexion, it is the align-
ment of the ACL when the knee is flexed that is most relevant.

What is particularly striking about the ACL is its large
femoral and tibial attachment areas relative to its midsection.
The insertion areas have been reported to be 3.5 times the
size of the mid-ligament cross-sectional area [4]. This has
significant implications for reconstructive procedures, during
which tendon grafts with uniform diameters are implanted to
replace a ligament with a very different gross appearance.
Curiously, biomechanical models often depict the ligament
as composed of bands when in fact the ligament is shaped
like an hourglass.

For the surgeon, a thorough understanding of the femoral
and tibial insertions of the ACL is particularly important
because a common cause for reconstructive failure is place-
ment of the graft outside these insertions [10–13]. Anatomic
placement of grafts has been identified as a key to improved
surgical outcomes [6].

The tibial insertion of the ACL lies on the intercondylar
eminence between the medial and lateral tubercles; however,
it does not attach to either the medial or lateral tubercles
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Fig. 1 The tibial insertion of the ACL is drawn with its average length
and width measurements. Also shown are the distances to the PCL
notch and medial tibial plateau articular cartilage. (From Steiner ME,
Murray MM, Rodeo SA. Strategies to improve anterior cruciate lig-
ament healing and graft placement. Am J Sports Med 2008;36:176–
189. Copyright © American Orthopaedic Society for Sports Medicine.
Reprinted with permission of Sage Publications. Based on data from
Heming JF, Rand J, Steiner ME. Anatomic limitations of transtibial
drilling in ACL reconstruction. Am J Sports Med 2007;35:1708–1715.
Copyright © American Orthopaedic Society for Sports Medicine. Used
with permission of Sage Publications.)

[2, 8, 14]. Although the peak of the medial eminence in some
cases is difficult to identify, it has been observed that the
entire footprint of the ACL is anterior to this point [15, 16].
The oval attachment, as seen in Fig. 1, which has an approx-
imate length of 18 mm and an approximate width of 10 mm,
is reflective of anatomic studies (Fig. 1) [1, 8, 14].

Whereas general agreement exists on the size and shape of
the tibial insertion, debate still occurs over a reliable method
to use to identify the anterior and posterior boundaries. Mor-
gan et al. placed the center of the tibial footprint 7 mm ante-
rior to the posterior cruciate ligament (PCL) at the level of the
intercondylar eminence [17]. However, this would place the
posterior border of the ACL practically adjacent to the most
posterior margin of the tibial plateau. Recently, attempts have
been made to reference the tibial insertion to the indenta-
tion on the posterior tibial plateau occupied by the PCL.
This notch has been described as the posterior fovea, retro-
eminence ridge, or PCL notch [8, 18].

Colombet et al. placed the center of the tibial insertion
19 mm anterior to the PCL notch [18], whereas Heming et al.
placed the center 15 mm anterior to the PCL notch [8]. The
implication here is as follows: ACL reconstructions looking
for a tunnel in the center of the tibial insertion need to direct a
guide pin approximately 10 mm more anterior than the loca-
tion suggested by Morgan et al. [17]. Because grafts usu-
ally lie in the posterolateral region of a tibial tunnel, tunnels

should be located slightly anterior and medial to the final des-
tination of the graft [19].

Radiographically, the tibial insertion has been described
relative to the boundaries of the tibial plateau. The center of
the insertion has been reported by Amis and Jakob as 43%
of the distance from the anterior to the posterior margin of
the tibial plateau [20]. Other measurements have been similar
[16]. The medial-lateral center of the tibial insertion averages
44% of the width of the plateau from the medial tibial cortex
[1, 16, 20, 21]. These parameters are used by image-guided
surgical guidance systems to identify the location of the tibial
tunnel.

The femoral insertion has been measured by multiple
authors [1, 2, 8, 14, 18], and there has been some variabil-
ity; but consolidating the results would place the length at
18 mm, width 10 mm, and separation from the posterior
articular cartilage of at most 4 mm (Fig. 2) [8]. The ante-
rior border of the ligament’s insertion can be variable, but
it has been observed to lie directly posterior to a ridge on
the medial aspect of the lateral condyle termed the resi-
dent’s ridge. Viewed in the sagittal plane, the long axis of the
femoral insertion is rotated 25–30 degrees to the long axis

Fig. 2 The femoral insertion of the ACL is drawn with its average
length and width measurements. The long axis of the insertion lies at
a 28.8-degree angle to the shaft of the femur in the sagittal plane, and
the posterior border lies no more than 4 mm from the articular carti-
lage of the femoral condyle. (From Steiner ME, Murray MM, Rodeo
SA. Strategies to improve anterior cruciate ligament healing and graft
placement. Am J Sports Med 2008;36:176–189. Copyright © American
Orthopaedic Society for Sports Medicine. Reprinted with permission of
Sage Publications. Based on data from Heming JF, Rand J, Steiner ME.
Anatomic limitations of transtibial drilling in ACL reconstruction. Am J
Sports Med 2007;35:1708–1715. Copyright © American Orthopaedic
Society for Sports Medicine. Used with permission of Sage Publica-
tions.)
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of the femur reflecting its congruity to the posterior border
of the femoral condyle (Fig. 2). The femoral insertion has
separate insertion sites for the anteromedial and posterolat-
eral bands of the ACL. A transverse partition of the femoral
insertion into a slightly larger proximal attachment region for
the anteromedial band and slightly smaller distal region for
the posterolateral band can be made [14, 18].

Visualizing the femoral insertion during an arthroscopic
procedure can be a challenge. Generally, the overhang of
articular cartilage at the anterior border of the notch obscures
the posterior notch, and a notchplasty is necessary to gain a
view of the ACL insertion. Some surgeons prefer to visu-
alize the notch from a central or anteromedial portal, but
this can crowd the instrumentation. Further compromising an
appreciation of the insertion’s relationship to the surround-
ing anatomy is the variable appearance of the notch based
on knee flexion. The top of the notch on average is paral-
lel to the tibia when the knee is flexed 55 degrees [22], and,
in this position, the best view of the posterior notch is pro-
vided. When a knee is flexed beyond 55 degrees, the top of
the notch appears to angle down toward the tibial plateau and
obscure visualization of the posterior notch. Therefore, the
relative position of the femoral insertion relative to the notch
changes with flexion. The anteromedial band will be at the
top of the notch regardless of knee flexion, but the postero-
lateral band appears to rotate anteriorly and laterally with
knee flexion. Even more complexity enters because of the
inconsistency in the shape of the arch of the intercondylar
notch. Thus, in some knees, it can be extremely challeng-
ing to identify and place an anatomically correct femoral
tunnel.

To identify the proximal-distal position of a femoral tun-
nel during ACL reconstruction, it is common to characterize
the femoral position as it relates to the face of a clock [8, 23,
24]. Whereas this method can be useful, it requires two con-
ditions to be exact: (1) the flexion angle of the knee must be
given; (2) a transverse axis for the clock face must be indi-
cated. However, many clock-face descriptions of the femoral
ACL insertion have been presented without these condi-
tions being met. In a laboratory setting with the knee flexed
90 degrees and with a clock face referenced to the posterior
femoral condyles, the footprint of the femoral ACL insertion
has been established (Fig. 3). However, visualizing the top
of the notch and posterior border of the femoral condyles is
difficult arthroscopically. A practical method is to image the
apex of the notch and the lowest point on the lateral wall
at the margin of the articular cartilage with the knee flexed
90 degrees. Viewed in this fashion, the center of the femoral
origin is halfway between the apex of the notch and the edge
of the articular cartilage at the base of the notch.

A radiographic description of the femoral insertion
generally has been based on a quadrant division of the lat-
eral wall of the notch [25]. By this convention, the cen-

Fig. 3 The insertion of the ACL along the lateral wall of the inter-
condylar notch is depicted using the analogy of a clock face with
the 3–9 o’clock axis aligned with the posterior femoral condyles and
the knee flexed 90 degrees. Viewed in this fashion, the insertion lies
between approximately 10:15 and 11:20. A practical approach is to
place the center of the femoral insertion halfway between the apex of
the notch and the articular cartilage margin at the bottom of the lateral
wall. (From Steiner ME, Murray MM, Rodeo SA. Strategies to improve
anterior cruciate ligament healing and graft placement. Am J Sports
Med 2008;36:176–189. Copyright © American Orthopaedic Society
for Sports Medicine. Reprinted with permission of Sage Publications.
Based on data from Heming JF, Rand J, Steiner ME. Anatomic limi-
tations of transtibial drilling in ACL reconstruction. Am J Sports Med
2007;35:1708–1715. Copyright © American Orthopaedic Society for
Sports Medicine. Used with permission of Sage Publications.)

ter of the femoral ACL insertion was determined relative to
the anterior-posterior length of the lateral condyle and the
proximal-distal height of the notch. The center of the ACL
was approximately 25% of the anterior-posterior distance
from the posterior condyle and 28.5% of the proximal-distal
distance from the top of the notch [26]. Lateral radiographs
of the knee are very hard to interpret for proximal-distal posi-
tion of the femoral tunnel, and generally only tunnel location
in the anterior-posterior direction can be clearly identified
[10, 27].

Biomechanics

The strength or ultimate load of the ACL has been reported
to be as high as 2,160 N, with a stiffness of 242 N/mm
when specimens between the ages of 22 and 35 years were
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tested [28]. Age diminishes the strength of the ligament both
within its substance and at its insertions. The strength of
the ligament is affected by how it is tensioned. There is
the greatest strength when all fibers are tensioned in line
with the ligament, but, if the ligament is distracted at an
angle to its fibers, then it has less strength. This has impli-
cations for injury mechanisms where it is noted that a valgus
combined with anterior motions is more prone to injure the
ligament.

The ACL is well known to be the primary restraint to ante-
rior translation of the knee. The increase in anterior trans-
lation secondary to an ACL injury is greatest at 30 degrees
flexion, but it can sometimes be documented at flexion angles
up to 90 degrees [29, 30]. Measurements have varied, but, in
a clinical setting, an increase of more than 3 mm in anterior
translation has been used as a diagnostic determinant for a
significant ACL injury [31].

Recently, there has been a particular interest in the inter-
action of internal rotation and anterior translation in the
ACL-deficient knee and particularly whether changes in graft
placements or the use of two-stranded grafts are necessary to
control abnormal rotation [32]. In laboratory studies, cutting
the ACL can increase maximum internal rotation of the tibia
up to approximately 4 degrees [33, 34]. There is also a cou-
pled anterior translation with the application of a combined
internal rotation-valgus torque [24]. Although the increase in
internal rotation produced by an ACL injury is small relative
to the absolute internal rotation of the knee (an approximate
20% increase), it is particularly the interaction of internal
rotation and anterior translation in the ACL-deficient knee
that is most interesting. There is evidence that ACL-injured
and ACL-reconstructed knees demonstrate abnormalities in
axial rotation during functional activities [35–39]. However,
the implications of these studies are controversial, and it may
be simply that restoring a normal limit to anterior transla-
tion will result in normal functional axial rotation to the knee
[40]. The ACL does not affect the limit of external rotation,
but it does act as a secondary restraint to varus and valgus
rotations.

In the ACL-deficient knee, the tracking of the patella
is also affected secondary to increased anterior translation.
This occurs because an unopposed quadriceps force trans-
lates the tibia anteriorly at flexion angles under 60 degrees,
and this results in a dynamic anterior translation of the tib-
ial tubercle. The normal internal rotation with anterior trans-
lation is also lost when the ACL is torn. The net effect
is a lateral translation and lateral tilt of the patella in the
ACL-deficient knee when the quadriceps is contracted. This
abnormal patellar tracking may return to normal when the
ACL is reconstructed. Therefore, patellofemoral symptoms
in ACL-injured and ACL-reconstructed knees may relate to
altered patellar tracking [41, 42].

Diagnosis and Imaging

The history of an ACL injury is that of an acute giving
way of the knee often secondary to a deceleration and rota-
tion motion. Most often, the injury is an isolated noncontact
event, and patients will report a “pop” or sense of something
giving way in the knee. The isometric or eccentric contrac-
tion of the quadriceps while the knee is flexed secondary to
the body’s inertia can cause the ACL to rupture [43]. It is
important to identify contact injuries because they will often
involve the collateral ligaments. The other common injuries
in which the history can mimic an ACL injury are a patellar
dislocation, an acute severe meniscus tear with a displaced
fragment, and large articular chondral injuries. PCL tears can
occur rarely in a noncontact situation, and quadriceps and
patellar tendon injuries can have acute giving way and dis-
ability.

The sine qua non to the diagnosis of an ACL tear is a pos-
itive Lachman test. There are multiple methods to perform
the test, but relaxing the thigh on the edge of a table and
securing the patient’s lower leg between the examiner’s legs
encourages relaxation of the thigh [44]. The lack of an end
point indicates an ACL injury, but this finding requires good
muscle relaxation. Often, the knee can be examined with-
out spasm in the first hour after injury before a hemarthrosis
develops. The pivot-shift test will also be positive in com-
parison with the opposite normal knee, but this test provokes
more pain and is usually less reliable except in the first hour
after injury or after swelling diminishes and motion returns
to the knee.

A positive MRI finding of an ACL tear includes the loss
of continuity of the ligament and a change in the direction of
the ligament’s fibers. However, the ligament runs obliquely
across the knee, and sometimes the full length of the lig-
ament cannot be well visualized. Additional information is
provided by measuring the angle between the ACL and the
shaft of the tibia. On sagittal images, the normal ACL lies
at a 45-degree angle or less to the axis of the tibial shaft.
However, a torn ACL falls down in the notch and subtends
a greater angle [7]. Geographic bone bruises also are seen
in more than 80% of knees with acute ACL injuries. Most
of these lesions will be in the posterior lateral tibial plateau
and midlateral femoral condyle. Long-term articular carti-
lage injury has been documented when there is a disruption
or depression of the cortical surface. Most patients have res-
olution of these bone bruises over several months, and they
do not experience long-term consequences [45–48].

Instrumented laxity testing is useful to document abnor-
mal anterior translation of the injured knee compared
with the anterior translation of the normal knee, but it is
infrequently used in routine clinical practice. A 3-mm or
greater difference in anterior translation using the KT1000
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(MedMetric Corporation, San Diego, CA) with a maximum
manual anterior force is highly correlated with ACL injury.
In general, a knee with 3–5 mm increased translation will
have a pivot glide motion, and knees with greater than 5 mm
increased anterior translation will have a frank 2+ pivot shift
with a “clunk” when the tibia reduces. It has been proposed
that knees with greater than 5 mm increased anterior trans-
lation or a 2+ pivot shift do poorly with conservative care
[19, 49]. Although instrumented laxity testing is critical to
the reporting of results, it has been demonstrated that the
clinical examination is equal to instrumented laxity testing
in diagnostic accuracy [31].

Meniscal and Chondral Injuries

The majority of patients sustain associated meniscus and
chondral injuries at the time of an ACL injury, but, fortu-
nately, most of these are minor and do not need treatment
[19, 48]. Chondral injuries seen as bone bruises on MRI have
ultrastructural injury and may rarely need microfracture or
very rarely cartilage restoration surgery. However, the regen-
erative capacities of the cartilage to these acute injuries miti-
gates against overly aggressive treatment in the acute setting.
The chronic ACL-injured knee may acquire full-thickness
cartilage injuries that require more definitive treatment.

Similar to chondral injuries, most meniscus tears are sta-
ble and do not need repair or resection. The meniscus tear in
the ACL-injured knee is classically a vertical tear in either
the medial or lateral meniscus within several millimeters of
the peripheral rim where there is a blood supply to pro-
mote healing. Those that are less than 1–1.5 cm in length
and that extend no more than halfway through the menis-
cus do not need treatment. The tears that are posterior to the
popliteus can be treated without resection and often do well
[50]. Occasionally, trephination with a spinal needle has been
employed in these small tears to increase vascularity and
promote healing. The availability of recent meniscal repair
technologies that do not require a posterior incision has pro-
moted an increased number of meniscus repairs. Healing
rates of meniscus tears associated with ACL tears are clearly
higher than those of isolated meniscus tears that are often
degenerative.

The injured knee with a locked bucket-handle menis-
cus is a special case, and it needs treatment tailored to the
demands of the patient and the physiology of the knee. In
an acute-injury setting with a knee that is quite stiff, there
is the option to repair the meniscus only, then rehabilitate
the knee to regain motion, and then perform the ACL recon-
struction after approximately 8 weeks. This approach min-
imizes the concern with loss of motion. An alternative is
to try an approximate 2-week period of rehabilitation with

protected weight-bearing to regain motion prior to combined
ACL reconstruction and meniscus repair. This latter alter-
native is often used in the chronic ACL-injured knee that
presents with a locked meniscus tear. Caution should be used
because prolonged weight-bearing on a displaced meniscus
will damage the fragment and impair the potential to repair
the meniscus subsequently.

The loss of the meniscus, particularly on the medial side,
diminishes the capacity of dynamic joint compression to sta-
bilize the knee. In addition, the loss of the medial meniscus
will further increase anterior translation in the ACL-deficient
knee. This has implications for ACL reconstructions because
medial meniscus–deficient knees will place increased forces
on a graft in the healing process, and the rehabilitation pro-
gram may need to be adjusted accordingly.

Indications for Reconstruction

The primary reason to reconstruct the ACL is to provide an
individual with a greater capacity to cut, pivot, and quickly
decelerate. It has been well documented that an athlete with
a stable knee (absence of an abnormal pivot-shift test) after
reconstructive surgery will be able to participate in vigorous
sports without increased risk of meniscus tears or episodes of
giving way [49, 51–53]. Interestingly, Kocher et al. reported
that the absence of a pivot shift was the clinical sign that had
the highest correlation with the patient’s subjective rating of
his or her knee after reconstruction [52]. Therefore, an athlete
who competes in level 1 sports (jumping, pivoting, hard cut-
ting sports, e.g., basketball, football, and soccer) will need
an ACL reconstruction if they are to return to those sports
[54]. Particularly vulnerable is an athlete with an acute ACL
injury in the midst of a season who attempts to return in the
same season with an abbreviated rehabilitation or without a
brace. This approach is not endorsed because there is an asso-
ciated high incidence of giving way and subsequent meniscus
tears [55].

A second group for reconstruction consists of those who
have returned to moderate activities after an ACL tear only
to have recurrent episodes of giving way, resulting in menis-
cus tears, pain, and repeated effusions. These knees have
stretched secondary restraints from repeated injuries and
can be quite unstable. If the medial meniscus has been
resected, anterior translation is further increased. This group
with symptomatic chronic ACL-deficient knees will require
reconstruction.

This analysis leaves a large number of ACL-deficient
patients who cannot be categorized as athletes competing in
level 1 sports or individuals with significant chronic instabil-
ity. Bracing, improved proprioception, and muscle strength-
ening have been found to help some of these patients cope
with their injury if their activity level is moderated. It is
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believed that this group will not suffer meniscus tears or
develop significant arthrosis, provided they do not have
episodes of giving way or effusions. Thus, the question arises
in counseling patients of whether to pursue ACL reconstruc-
tion or to recommend moderating activities. Certainly, if a
person has a job or participates in a sport that requires hard
deceleration and pivoting, then an ACL reconstruction is nec-
essary; otherwise, it is good care to rehabilitate the knee and
reevaluate the function periodically. Evidence suggests that
it takes at least 6 months from the original injury for mus-
cle and neurologic control mechanisms to improve to allow
individuals to resume moderate activities [56].

There are also groups that consist of patients who may
require an ACL reconstructive procedure because of spe-
cial circumstances. This includes those with open physes,
because children are inherently active and will damage their
knees further if stability is not returned to the joint. Another
group consists of those with persistent anterior knee pain
after ACL injury that is related to quadriceps weakness and
dynamic anterior tibial translation during activities. This lat-
ter motion can result in patellar tilt. In some cases, knee sta-
bility is required to diminish this anterior pain [41]. There is
also a group with hypermobility: individuals in this group
have lax secondary restraints that have large pivot-shift
motions after the ACL is injured. This group will often have
instability with even daily activities and will require surgical
intervention.

Lax secondary restraints can occur with the original
injury, and, if these associated injuries result in a greater pivot
shift, then an ACL reconstruction will be required. There are
no firm criteria on which to base this decision with collat-
eral ligament injuries. Clearly, there are patients for whom
an isolated ACL reconstruction will fail because of collateral
ligament injuries, and the decision to reconstruct or reef these
collateral structures is based on the severity of the pivot-shift
motion that occurs. An isolated ACL reconstruction will not
be adequate in some of these cases.

Partial tears that will heal and result in a stable knee
must be differentiated from partial tears that represent a crit-
ical injury that will result in instability when the individ-
ual returns to vigorous activity. Unfortunately, many MRI
reports identify partially torn ligaments because of uncer-
tainty in the imaging process. A partial tear that can be
treated conservatively often will have only a mild effusion
associated with the original injury and a firm end point on the
Lachman test at all points in the rehabilitation process. There
are also knees that will redevelop an end point to a Lachman
test in the weeks after injury as the torn ACL scars to the
PCL. These knees may be acceptable for moderate activities,
but they are not truly knees with partial tears and they will
not stand up to level 1 sports. It is said that an ACL torn less
than 50% will generally not require reconstruction and will
function well. This may be so, but it is very difficult even dur-

ing arthroscopy to evaluate the entirety of the ligament when
only its anterior aspect can be visualized.

Timing of Surgery

In the first days after ACL injury, patients have varying
degrees of pain, limited motion, and quadriceps inhibition
secondary to hemarthrosis, associated injuries, inflammation,
and neurogenically mediated muscle inhibition [57]. Patients
sometimes incorrectly associate the immediate morbidity of
the ACL injury with the long-term disability of the injury
and therefore acutely desire an ACL reconstruction to relieve
the early pain and limited function of the knee. Particularly,
the dynamic instability engendered by quadriceps inhibition
can result in “giving way” episodes that may be confused
with the true pivot-shift instability of an ACL-deficient knee.
Also, athletes often request early surgery to commence the
rehabilitation process. Unfortunately, early surgery increases
the risk of arthrofibrosis and associated comorbidities includ-
ing patellofemoral pain. Complicating the issue is the occa-
sional patient who may have a retracted ACL stump that
impinges in the intercondylar notch that prevents full exten-
sion (Fig. 4). Rarely, such a patient will require a prelim-
inary arthroscopy to debride this stump, thereby removing
this impediment to full motion before proceeding with ACL
reconstruction.

There are no established preoperative motion or muscle
function criteria to permit reconstructive surgery, but cer-
tainly full extension with a good quadriceps contraction and
close to full flexion is desirable. Often in the acute setting,
it is difficult to perform a quadriceps setting maneuver and
to hyperextend the knee from a supine position, but a patient

Fig. 4 The retracted stump of the native ACL as visualized arthro-
scopically 6 weeks after injury. A slow return of extension or the loss
of extension after injury may indicate impingement of a retracted ACL
stump
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who can perform this maneuver will have the best opportu-
nity to regain full extension after surgery. It has been reported
particularly in skiers that several days of vigorous rehabilita-
tion including use of constant passive motion can permit an
early reconstructive surgery with a small incidence of long-
term arthrofibrosis. However, this very early surgery group of
patients may require subsequent procedures before regaining
full function.

In general, the inflammation after injury mirrors that seen
in other joints and tissues after injury. Often, it takes at least
3 weeks for motion and quadriceps strength to return and
truly 8 weeks for the knee to look close to normal. Some
athletes, for example interior lineman in football, seem to
particularly have a prolonged loss of motion with injury, and
they may need extensive rehabilitation prior to surgery.

Graft Options

Each patient needs to know his or her graft options and be
guided through the graft choice process. However, patients
and surgeons have to contend with the reality that inside
and outside the medical community there are advocates for
various grafts, and the dilemma of which graft to use may
be based on such outside influences. Given the small differ-
ences in results between different grafts, a choice based on
the advice of peers, coaches, or others may have little long-
term impact. This is supported by the reality that support
exists for all the commonly used grafts for almost any clini-
cal situation. It is a common teaching that graft choice is rel-
atively unimportant, and concerns with graft placement and
graft fixation are more important. However, there are differ-
ences between grafts as they impact muscle strength, range
of motion, healing, stability, pain, cost, and potential for dis-
ease transmission.

Hamstring tendons were the first reported graft to recon-
struct the ACL, and they continue to be a very popular graft
[58, 59]. The pes anserinus anatomy varies between patients,
and particularly the semitendinosus fascial attachments to the
crural fascia can make harvesting this tendon a challenge
for the inexperienced. Postoperative soreness in the poste-
rior thigh and lower leg in the first weeks after surgery can
be a burden after hamstring harvest, but rarely does this have
a long-term effect. “Strains” in the area of harvest can occur
with an accidental eccentric stretch in the first weeks after
surgery, and patients should be advised of this possibility and
that it can be disabling for 2 or 3 weeks. Hamstring curls
should be avoided for the first 8 weeks after harvest.

Clinically, patients feel their hamstring deficit has
resolved by 4 to 6 months after reconstruction, but isokinetic
testing will reveal slight deficits in knee flexion torque for up
to 1 year, but only very rarely will a patient continue have

long-term discomfort in the hamstring area. After harvesting
the gracilis and semitendinosus tendons, MRI studies have
documented healing of these muscles to the semimembra-
nosus and posterior knee fascia. Knee flexion torques ulti-
mately return to normal, but a small loss of internal rotation
torque can be measured because the muscles never reattach
to the anteromedial tibia [60]. It has been conjectured that a
soccer player who requires internal rotation strength to kick
the ball will be affected by this loss, and it is debated whether
competitive sprinters may have some functional weakness
after hamstring harvest. These are concerns based on indi-
vidual observations.

It is generally accepted that a four-strand gracilis-
semitendinosus graft functions better than a two-strand semi-
tendinosus graft, but this necessitates tensioning all four
strands equally at the time of fixation [61, 62]. The size of
the graft is related to the height, weight, and thigh circum-
ference of the patient, and, although there is variability, four-
strand grafts are virtually always between 7 and 10 mm in
diameter [63]. An individual with a smaller graft does not
seem to have a compromised result.

The central third patellar tendon bone-tendon-bone graft
is reported to still be the most commonly used graft in the
United States, but concerns with its morbidity have dimin-
ished its use. Most patients will have discomfort if they kneel
on the distal pole of the patella after its harvest, but rarely
does this cause a functional deficit. Most athletes will have
symptoms referable to the harvest area for 6 to 9 months after
surgery, and it is common for them to ice this area when first
returning to sports. Only rarely will there be permanent sore-
ness in the proximal harvest site [25, 64]. It is incumbent
upon the surgeon to initiate an accelerated rehabilitation pro-
gram if a patellar tendon graft is used, and this includes the
avoidance of bracing, use of constant passive motion in the
first few weeks, and an emphasis on regaining quadriceps
function and full knee motion early after surgery. Particu-
larly in high school and college athletes who are aggressively
rehabilitated, this graft can be very successful. Care should
be taken to not overtension the graft and to place the knee in
full extension at the time of fixation. There has been evidence
that patellar tendon grafts predispose the knee to arthrosis
over hamstring tendon grafts, but this may not be the case if
the knees are properly rehabilitated in the first weeks after
surgery.

Quadriceps strength is impaired in virtually all ACL-
injured patients as a response to the loss of afferent nerves
from the native ACL, and 0.25-inch to 0.5-inch thigh atro-
phy is commonly documented with or without ACL recon-
struction. Use of the patellar tendon graft accentuates this
quadriceps atrophy, and it takes more than a year from
surgery to regain close to normal strength. To minimize
the impact of ipsilateral harvest on quadriceps strength and
to speed recovery, it has been proposed that the graft be
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harvested from the contralateral side [65]. Though logical,
this approach creates a bilateral disability that can increase
the ramifications of a complication.

In the young athlete who will aggressively rehabilitate his
or her knee and in an individual with a very loose knee, the
patellar tendon continues to be a good choice. The highly
rigid fixation afforded by metal interference screws limits
any stretching at the fixation site in the first weeks after
surgery. There is evidence that this graft has the fastest incor-
poration into the intraosseous tunnel with rapid bone-to-bone
healing.

A partial-thickness quadriceps tendon graft with or with-
out a bone plug from the proximal patella is another auto-
graft option. It is common to harvest a graft with a thickness
of 7 mm, width of 10 mm, and length of a least 7 cm [66].
Unfortunately, there is some painful morbidity with use of
this graft, and it has not become popular probably because
of this fact. Pain may be related to harvesting technique,
and clearly, removing a full-thickness graft is more disabling
than the 7-mm partial-thickness harvest required for an ACL
reconstruction. If an autograft option is needed and the patel-
lar tendon and hamstrings are not preferred, then this pro-
vides a good alternative.

Allografts have become more popular in the past few years
because of their good clinical results and modest surgical
morbidity. Operating times are reduced with allografts ver-
sus autografts, and many patients are struck with the mini-
mal morbidity of the procedure. Unfortunately, there are no
good comparative studies between autografts and allografts,
and generally there has been a selection bias whereby older,
less athletic patients tend to be the group choosing allografts.
This may be a reflection of concerns with disease transmis-
sion and a desire to minimize these risks in the young or a
clinical impression supported by some animal data that allo-
grafts heal more slowly than do autografts and they may have
higher failure rates in young aggressive athletes.

The risk of disease transmission with allografts must be
explained to patients and the history of infections associ-
ated with allograft use recounted. There was a case of HIV
transmission more than 25 years ago and some cases of hep-
atitis C transmission to patients through use of allografts
[51]. There is also documentation of multiple bacterial infec-
tions (approximately 40) that can be traced to allograft use.
Patients should be informed that this represents the numera-
tor of the equation, and data suggest that perhaps 40,000 allo-
grafts are used per year for knee reconstructions in the United
States, so the chances of contracting an infection are very,
very small. It is strongly suggested that hospitals procure
grafts from an accredited tissue bank, and surgeons should
know the proprietary processing method used to render grafts
statistically sterile.

The tibialis tendon allograft has become very popular
and possibly replaced the patellar tendon allograft in usage

because it allows smaller tunnels, greater options for fixation,
and no dependence on allograft bone quality. Particularly, the
common availability of only bisected patellar tendon grafts
can result in bone plugs of poor quality.

Unfortunately, there is limited clinical data comparing the
tibialis allografts with patellar tendon allografts, and ulti-
mately graft placement and fixation may be the major vari-
ables explaining results. Interestingly, the many studies doc-
umenting success with allografts have reviewed the use of
bone-tendon-bone allografts.

It is a concern that irradiation is still used to terminally
sterilize some allografts, because even low doses (1–2.5
Mrad) diminish the biomechanical properties of the graft
[67]. Laboratory data have supported the practice of pre-
tensioning irradiated allografts to remove crimp and more
closely restore the grafts to a state of “nonirradiated” stiff-
ness.

Healing is slower with allografts, and often surgeons slow
the rehabilitation protocol slightly when they are used. Inter-
estingly, allografts are often used for revisions where there
may be stretched secondary restraints that will place greater
tension on the reconstructed graft. It would perhaps be more
logical to use a patellar tendon autograft in revision surgery
because this graft allows a strong and stiff fixation. However,
the possible prior use of this graft and the desire to minimize
surgical morbidity often results in use of an allograft for a
revision.

The two variables most commonly sited for choosing one
graft over another are concerns with the extensor mechanism
and concerns with limited range of motion. There is a clin-
ical sense that allografts will produce the least stress to the
knee and will be preferred when motion concerns are great-
est, that hamstring grafts would be intermediate in their effect
on motion, and that patellar tendon autografts would theo-
retically pose the greatest risk to the return of full motion.
There is logic to this approach and some evidence to support
the observation, but patient variability is great and the art of
medicine is discerning when these concerns are real and if
they should affect the choice of a particular graft.

Reconstruction Technique

The patient’s operative leg is either positioned in a leg holder
with the foot of the bed flexed down or positioned with a
side post to the bed and the foot of the bed up. The leg
holder method facilitates the application of varus and val-
gus torques to accomplish meniscal procedures, but it pre-
vents full flexion of the knee, which compromises drilling
through an anteromedial portal. If the foot of the bed is kept
up, padded posts can be used to stabilize the knee in flexion
and facilitate the application of valgus torque. One post is
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placed lateral to the thigh, and another is placed across the
bed to buttress the foot. These posts can be positioned to sta-
bilize the knee in slightly less than 90 degrees of flexion.

A tourniquet is not necessary, but operation times are
reduced if a tourniquet is used, particularly during the tunnel-
reaming portion of the procedure. There is evidence that
quadriceps weakness in the first weeks after surgery is less
if tourniquet times are kept to under 1 hour [68].

The notchplasty provides several benefits: visualiza-
tion of the ACL femoral attachment, prevention of graft
impingement on the roof of the notch, and prevention of
graft abrasion on the lateral wall of the notch [69, 70]. A
well-chosen anteromedial portal should provide easy access
to the notch without traumatizing the anteromedial condyle.
Generally, an abrader is used to clear approximately 2–3 mm
of the lateral and superior walls. Care is taken not to resect
the lateral wall deep within the notch to prevent lateralization
of the graft. Extending the knee while the notch is visualized
provides a perspective on the potential for impingement and
may direct the surgeon on how much bone to remove. A rare
complication to avoid is the resection of the anterior notch
to a point where the patella will fall into the notch when
the knee is fully flexed and result in patellar crepitus. Knees
that are chronic ACL-deficient will have developed spurring
or bossing at the anterior notch and will need a greater
resection.

Tunnel placement is the critical key to ACL surgery
[71–76]. Whereas some knees are forgiving because the roof
of the notch is more horizontal and open anteriorly, other
knees will require very well placed tunnels for the surgery to
succeed. If the transtibial drilling technique is used, this com-
promises tunnel placement, and in some knees the tunnels
may not be satisfactory [77, 78]. The tibial tunnel should exit
on the tibial articular surface slightly medial to the anatomic
center of the insertion site (Fig. 5). Slight medialization of the
tibial tunnel will prevent the graft from abrading on the lat-
eral wall of the notch. The center of the tibial insertion should
be approximately 15 mm anterior to the PCL notch, and the
posterior border of the tunnel should be anterior to the peak
of the medial tibial eminence. Transtibial drilling may result
in a posterior tibial tunnel that could lead to a more vertical
graft [79].

The portal used to introduce the drill guide affects the
ability to start the tunnel on the anterior tibia, and an auxil-
iary anteromedial portal can be made slightly superior to the
articular surface to introduce the drill guide. The tunnel can
be started just medial to the tibial tubercle where the bone
quality is best and the drill guide angle chosen to create a
tunnel that has a 30-mm minimum length. A starting point
too far medial may jeopardize the medial tibial articular sur-
face when it enters the joint [80]. If a patellar tendon graft is
used, consideration should be given to graft-tunnel mismatch
where the bone plug extends out the tibial tunnel. A help-

Fig. 5 A reamed tibial tunnel visualized arthroscopically. The tunnel
is placed slightly medial in the footprint with its center approximately
15 mm anterior to the PCL fossa. The medial tibial eminence also serves
as a landmark based on the observation that the posterior border of the
ACL inserts anterior to the peak of the medial tibial eminence

ful method is to measure the distance between the two bone
plugs on the patellar tendon graft and set the drill guide angle
approximately 7 degrees greater than this measurement [81].
It should be remembered that the portal used to introduce the
aiming arm of the drill guide and the inclination in which the
guide is held will strongly affect this method. Use of a lower
anteromedial portal and holding the aiming arm horizontal
will tend to lengthen the tibial tunnel. Still, a patellar tendon
graft with more than 55 mm in length between the bone plugs
is difficult to position to facilitate intraosseous tibial fixation.

Once the tibial tunnel guide pin is placed, a helpful tech-
nique to move the tunnel slightly is to first ream with a small
reamer, 6 mm for example. The guide pin can then be manu-
ally replaced eccentrically in the small tunnel and the tun-
nel reamed again with the appropriate-sized reamer. This
method can fine-tune the placement of the tunnel by a few
millimeters.

Placement of the femoral tunnel is challenging because
the visualization of the notch varies based on the angle of
knee flexion. Tunnel placements based on clock-face descrip-
tions of the notch are imprecise unless a reference is pro-
vided for the 3–9 o’clock axis. A practical method to place
the femoral tunnel based on cadaveric observations is to first
position the knee in 90 degrees of flexion. Two points are
then identified: first, the apex of the notch, and second, the
lowest point on the lateral wall. The point halfway between
these two points is the anatomic center of the ACL (Fig. 6).

An auxiliary anteromedial portal is necessary to drill
the femoral tunnel because the standard anteromedial por-
tal is generally too superior and medial to provide the cor-
rect access for pin placement and reaming. The auxiliary
anteromedial portal is placed just superior to the medial
meniscus and lateral to the medial condyle to avoid femoral
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Fig. 6 The femoral footprint of the ACL visualized arthroscopically
(oval outline imposed on the image). The insertion is on the lateral wall
of the intercondylar notch. When visualized arthroscopically from the
anterolateral portal, the center of the insertion is approximately halfway
between the apex of the notch and the lowest point on the lateral wall

Fig. 7 A trial placement of a spinal needle can identify the correct
position of an auxiliary anteromedial portal. This portal should be just
above the anterior horn of the medial meniscus and directed toward the
femoral insertion. It must be correctly located to avoid articular injury
to the medial condyle during the reaming process. In this revision pro-
cedure, there is ample room for a new femoral tunnel on the lateral wall
away from the prior femoral tunnel that lies high in the notch

articular injury during reaming (Fig. 7). In the anteromedial
drilling method, a 7-mm over-the-top drill guide is intro-
duced to place a guide pin at the anatomic center of the
ACL (Fig. 8). While maintaining pressure on the guide pin
to ensure it does not move, the knee is flexed to more than
125 degrees. This is challenging because visualization of
the notch is impaired at greater flexion angles. This is sec-
ondary to displacement of the fat pad back into the notch
and because, at higher flexion angles, the roof of the notch
angles directly down to the tibial plateau. Once the knee

Fig. 8 The correct placement of an offset guide for guide-pin place-
ment is shown arthroscopically. The tunnel should be located halfway
between the apex of the notch and the lowest point on the lateral wall.
This is a view with the knee flexed approximately 90 degrees, but the
knee must be flexed more than 125 degrees during guide-wire place-
ment and during reaming to prevent broaching the posterior femoral
cortex

Fig. 9 A femoral tunnel centered in the ACL insertion on the lateral
wall of the intercondylar notch

is maximally flexed, the guide pin is drilled out through
the lateral thigh and then reamed with the appropriate-
sized reamer. A graft passing suture is attached to the base
of the guide pin and pulled out the lateral thigh, then
pulled down through the tibial tunnel to facilitate graft
passage. At this point, the knee can be extended again
to 90 degrees and the placement of the tunnel evaluated
(Fig. 9).
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The graft is then passed across the knee using the passing
suture and secured on the femoral side either with a cross
pin, button, or intraosseous method. Tensioning and fixa-
tion of the graft on the tibial side is critical and dependent
on the type of graft, method of fixation, and laxity of the
knee. Most grafts when placed by this method will lengthen
with knee extension and have a capacity therefore to restrict
extension not because of impingement but because of exces-
sive tension. Practically, this is important for patellar tendon
grafts because the bone-to-bone fixation of patellar grafts
results in a stiff construct that may not lengthen sufficiently to
allow extension. Therefore, it is suggested that patellar ten-
don grafts be tensioned and secured in close to full exten-
sion. Hamstring and allograft tendons exhibit slightly greater
viscoelastic creep, and they may be tensioned in some knee
flexion to provide a graft with greater tension. Generally, for
revision procedures, greater tension is required in the graft
and some greater knee flexion is helpful.

Tensioning of multistranded grafts requires that all strands
be tensioned equally to obtain the full strength of the graft
[62]. A practical method to accomplish this is to tie the
sutures together at the ends of each tendon graft, thereby
creating essentially a loop attached to both ends. For a two-
strand graft, tension can be applied equally to each strand
by pulling on this loop. For a four-strand graft, first the
sutures at the ends of each tendon are tied together to cre-
ate two independent loops. Then a separate suture is passed
through the two loops and tied to itself. Pulling on this last
suture between the two tendon loops equally tensions all four
strands.

If the transtibial drilling method is used, then compro-
mises must be made in the positioning of the tibial tunnel
to facilitate an acceptable femoral tunnel (Fig. 10). Starting
further medial on the tibia will slightly lower the femoral
tunnel when drilled transtibial, but another critical variable
is the length of the tibial tunnel. In general, a transtib-

Fig. 10 A switching stick placed through the tibial tunnel identifies a
point where the transtibial drilling method would place a femoral tun-
nel. The point identified is high in the intercondylar notch and outside
the footprint of the ACL

ial tunnel should begin close to the joint line – a prac-
tical method would be 20 mm below the joint line – to
facilitate femoral tunnel drilling. The drill guide angle for
this might be as little as 40 degrees. The tibial tunnel may
require positioning in the posterior tibial footprint as another
compromise.

After fixation, the graft should be checked for tension,
impingement, and alignment (Fig. 11A, B). Patellar tendon
grafts may appear slightly lax if secured with the knee in
extension, but this is expected and often no retensioning is
necessary to produce a knee with symmetric laxity to the
other side. If tension has been lost in soft tissue grafts, they

a b

Fig. 11 Two graft placements produced by different drilling methods
are compared. In (A), a more horizontal hamstring graft has been placed
in a femoral tunnel produced by anteromedial drilling, whereas in (B),

a more vertical patellar tendon graft has been placed in a femoral tunnel
produced by transtibial drilling.
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can be retensioned and resecured. Care should be taken to
check for abrasion of the graft on the lateral wall or impinge-
ment on the roof of the notch. A rasp passed through the
anteromedial portal can provide further notch resection if it
is necessary.

Rehabilitation

Before surgery, the goal of full extension and good flexion
should be underscored with the patient and the important role
of a quadriceps contraction to regain extension explained.
A strong quadriceps contraction can translate the patella
superiorly to stretch the parapatellar tissues and thereby
minimize many of the injurious compressive forces on the
patella. Whereas excessive quadriceps strengthening in the
first 8 weeks can cause chondral injuries, such overtraining
should be differentiated from the necessity of leg raises and
knee extensions with light weights (1–2 kg) and use of a sta-
tionary bike. Graft fixation must allow full extension with
a good quadriceps contraction immediately after surgery.
At the first postoperative visit, the goal of motion and par-
ticularly full extension can be taught again and the ability
to do a short arc squat promoting a quadriceps contraction
demonstrated.

Flexion is facilitated by use of a continuous passive
motion (CPM) machine for the first 2 weeks after surgery.
The appropriate time and motion settings for the CPM
machine should be less than would be used for a cartilage
restorative procedure, because excessive use of the CPM
machine can contribute to hemarthrosis in the first days after
surgery. An initial setting of 0–30 degrees for two 30-minute
sessions per day is a good beginning, and, if this is tolerated,
the flexion angle and time in the machine can be increased
based on comfort.

Bracing after surgery has not been shown to have an
impact on results, but it is a good method to slow the
overzealous patient and physical therapist in some situa-
tions. The disadvantage of bracing is its weight and gen-
eral encumbrance, which may limit motion. Crutches may
be the best device to limit excessive activity in the first few
weeks after surgery. A weight-bearing as-tolerated regimen
with an adherence to crutch use in the first 2 weeks after
surgery will promote normal full knee extension and limit
excessive loads produced by a rapid gait. In the occasional
patient with questionable graft fixation or in a revision situa-
tion in which added protection is necessary, the extended use
of the crutches for up to 4 weeks can be useful. It should be
explained that crutches are used to limit forces and to encour-
age normal gait mechanics and not for patient comfort.

The first 8 weeks after surgery is a time for graft-to-
bone healing, and vigorous resistance training should be
minimized. This is particularly a concern when an allograft
is used because there is often minimal postoperative pain.

When the goals of full motion and a good quadriceps con-
traction are met, it is helpful to use a stationary bicycle as
an excellent method to regain knee function without overly
stressing the reconstruction. If a hamstring graft is used, knee
flexion curls should be avoided until 8 weeks after surgery to
prevent injury to the graft harvest site.

The 2- to 4-month period after surgery is a time for
vigorous strengthening provided the patellofemoral joint is
asymptomatic and the parapatellar tissues have regained rea-
sonable flexibility. Jogging and running can begin at 3 to 4
months based on the patient’s progress, and full sports at 6
months. It should be remembered that patients heal at differ-
ent rates, and good proprioception, balance, and strength may
not return for up to 12 months or longer in some cases. A
strength and conditioning program that underscores sports-
specific training beginning at 3 to 4 months is an excellent
method to return an athlete to competition.

Complications

Infection, deep vein thrombosis, loss of motion,
patellofemoral pain, and general pain syndromes are
the major complications that can significantly diminish the
results of ACL surgery. Particularly for infection and deep
vein thrombosis, the early diagnosis of these problems can
minimize their morbidity.

The diagnosis of intraarticular infection is challenging
because some patients will have postoperative temperature
elevations even up to 102◦F in association with a painful
hemarthrosis that may look like an infection in the first 5
days after surgery. Generally, this benign elevated temper-
ature and pain condition will start to resolve by the fifth
postoperative day. The clinical signs of infection 5 days or
more after surgery include increased pain, diminished abil-
ity to bear weight, loss of motion, and the persistence of a
large effusion. The practical approach is to aspirate a knee if
these features are present and send the fluid for a cell count,
Gram stain, and culture, protein, glucose, and crystal analy-
sis. Blood work is helpful but sometimes difficult to interpret.
Generally, an erythrocyte sedimentation rate (ESR) up to 50
will be observed in the first 2 weeks after surgery; then it
will slowly return to normal by 2 to 3 postoperative weeks.
Certainly, a knee should be aspirated when a concern arises.

The debate over leaving the graft in place or removing it
if an infection is present is based on personal experience and
anecdotal reports. If there has been a delay in the diagnosis
or if the knee is not responding to an initial arthroscopy and
lavage, then removal of the graft should be strongly consid-
ered. There is evidence that early graft removal and prompt
eradication of infection will diminish the arthrosis that can
occur after infection [82]. A revision ACL reconstruction can
be performed when antibiotic treatment is completed and the
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markers for inflammation (ESR and C-polysaccharide reac-
tive protein (CRP)) have returned to normal.

Deep vein thrombosis and pulmonary embolism do occur
after ACL reconstructions, and preventative measures should
be used. Women taking birth control pills should be strongly
encouraged to stop these before surgery and for several
weeks after surgery. Aspirin prophylaxis should be routinely
used unless there are contraindications. During surgery, the
well leg should be padded and the operative leg prevented
from dangling in the leg holder. Techniques to support the
lower leg during surgery rather than have it hang with pres-
sure from the leg holder on the posterior thigh include sup-
porting the foot in a basin or directly supporting the foot
with the surgeon’s thigh. Often, a deep vein thrombosis will
present with a patient noticing a loss of ability to bear weight
because of calf pain a few days after surgery. A venous ultra-
sound can make the diagnosis, and appropriate care should
be initiated. Patients are at risk for deep vein thrombosis for
at least several weeks after surgery, and they should be cau-
tioned of this risk if prolonged travel is contemplated.

Loss of motion problems occur but they are less common
over the past two decades because of a greater emphasis on
obtaining normal motion prior to surgery [57, 83]. Loss of
motion problems are also diminished by proper graft place-
ment and proper graft tension. An improperly placed graft
can result in loss of motion, and it may have a poor biome-
chanical axis to resist anterior translation (Fig. 12).

Patellar tendon graft tensioning is particularly critical
because the graft is stiff and because of quadriceps inhibition
that can occur after its harvest. Caution should be exercised
to not overtension a patellar tendon graft, and attempts to
posteriorly translate the tibia and fix the patellar tendon graft
with the knee in flexion may result in a flexion contracture.
The one exception to this approach may be revision proce-
dures in which graft motion within previously used tunnels
may preclude rigid fixation.

If loss of extension does occur, it is best to let the inflam-
mation of surgery resolve before attempting any remedies in
the operating room. A good physical therapist who empha-
sizes early extension and the addition of electrical stimula-
tion to generate a strong quadriceps contraction can obviate
the problem. If motion is improving, it may be better to allow
the healing process to evolve, and often knees will regain the
last degrees of extension over several months. If there is a
greater loss of motion or if little improvement is seen, then
waiting at least 2 or 3 months is advisable. Arthroscopy may
then be helpful to clear the notch of scar combined with a
manipulation of the knee into extension and flexion. Rarely,
a cylinder cast may be used to hold the knee in extension
for 10–14 days. The thigh portion of the cast is applied first
and allowed to harden before the knee is held in extension,
and the lower portion of the cast is applied. This is a very
rare occurrence and may need to be combined with an open
debridement of infrapatellar scar if patella infera is identi-

Fig. 12 A CT scan of a failed ACL reconstruction demonstrates a steep
(22-degree) inclination of the intercondylar roof, which predisposes the
graft to impingement when the knee is brought into extension. An aver-
age inclination of the roof relative to the femoral shaft is 36 degrees.
In this failed reconstruction, significant osteolysis surrounds the tibial
tunnel. A tibial tunnel placed further posterior and a femoral tunnel
placed further posterior and lower would be necessary with this type
of anatomy.

fied. Flexion is generally easier to recover by simply manip-
ulating the knee. Very rarely, a knee with severe loss of
motion secondary to poor graft placements may require graft
removal and prolonged rehabilitation (see Case 2 later in
this chapter).

Unfortunately, patellofemoral pain is a common occur-
rence with ACL injuries, and it may be combined with
loss of motion. The etiology for patellofemoral pain may
relate to quadriceps inhibition that can be quite striking
in some individuals when afferent nerves within the ACL
are disrupted. Another factor is the altered patellar track-
ing with a quadriceps contraction in the ACL-deficient knee
near extension. The dynamic anterior translation of the tibia
may redirect the patella laterally to change patellar contact
forces and result in anterior knee pain. Lastly, the general
inflammation of the joint can result in decreased patellar
mobility and increased patellar compression forces. Some-
times all three of these factors – quadriceps inhibition,
altered patellar tracking, and increased patellar pressures
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– are present, and it can be quite challenging to treat. Hope-
fully, these problems can be identified before surgery and a
rehabilitation program initiated to improve the knee before
reconstruction. A lucid explanation of the etiology for the
patellofemoral pain will dampen the intuitive desire of many
patients to proceed with the surgery to alleviate their symp-
toms. Unfortunately, a further stress to the knee of a surgical
reconstruction may exacerbate patellofemoral pain and loss
of motion. The one exception is the patient with a full range
of motion and patellofemoral pain secondary to quadriceps
inhibition relating to the dynamic tibial translation. In some
cases, an ACL reconstruction in this setting is warranted pro-
vided the surgeon and patient are confident that full motion
can be achieved after surgery. Whereas a painful knee may
be limiting, a painful stiff knee may be disabling.

Clinical Pearls

Visualization of anatomy is the key to all surgery whether
open or arthroscopic, and, in ACL surgery, this principle
particularly applies to obtaining a good visualization of the
intercondylar notch. This is particularly important for refer-
encing the locations of the tibial and femoral tunnels. Inter-
estingly, the best visualization of the notch is provided when
the knee is flexed approximately 60 degrees. In this position,
the roof of the notch is parallel to the tibial plateau, and an
excellent view is afforded from anterior to posterior. Extend-
ing the knee from this position allows the surgeon to visual-
ize the possible tibial tunnel locations relative to the top and
lateral wall of the intercondylar notch. Referencing the notch
to the tibial plateau in this manner combined with an under-
standing of the tibial footprint anatomy are the key compo-
nents to proper tibial tunnel placement.

A simple method to improve the tibial tunnel location, if
the first guide pin placement is as close to the desired position
but not ideal, is to first ream over the guide pin with a reamer
slightly smaller than the desired diameter. The guide pin can
then be removed and repositioned by hand eccentrically in

the tunnel toward the desired direction and impacted into the
roof of the notch to secure its position. This second guide pin
placement is then over-reamed to the appropriate diameter to
place the tunnel in an ideal position.

Tensioning of grafts is an art based on the surgeon’s under-
standing of the knee’s laxity combined with an intuitive sense
of how well the patient will regain quadriceps strength after
surgery. Furthermore, in almost all reconstructions, grafts
will come under greater tension with knee extension. Based
on these understandings, the following generalizations can be
made for graft tensioning: (a) Patellar tendon grafts are stiff,
and these grafts should be tensioned with the knee in close
to full extension; (b) hamstring tendon and allograft replace-
ments will stretch despite equal tensioning of all limbs, so
some slight flexion of the knee is appropriate when these
grafts are secured; (c) lastly, most revision surgeries are in
knees with some secondary collateral ligament laxity and
in knees with less than ideal tunnel to graft apposition, so
in revision surgeries grafts should be tensioned with greater
force and with the knee flexed approximately 30 degrees.

Summary

ACL surgery has evolved over the past few years secondary
to a better understanding of ACL insertional anatomy and
secondary to a better understanding of graft placement effect
on knee stability. Femoral tunnels should be placed in the
center of the femoral footprint, and tibial tunnels should
be placed as anterior as possible in the footprint, provided
impingement on the roof and lateral wall of the notch does
not occur. The choice of graft is controversial and unre-
solved. In rehabilitation, all agree that full motion should
be regained rapidly to avoid the clear disability of pro-
longed stiffness. Lastly, despite our best efforts, the ACL-
reconstructed knee appears to never be a normal knee, but a
good ACL reconstruction can allow athletes to return fully
to their sports, and, if the menisci are intact and if there is
no residual stiffness, the chance of arthritis in the future is
minimal.

Case Reports

Case 1

Chief Complaint and Patient History: A 27-year-old man presented 5 days after a direct contact valgus injury sustained
in a flag football game. He wished to return to level 1 sports and desired urgent surgical care to remedy his condition.

Physical Exam: He had a fair quadriceps contraction, moderate knee effusion, and range of motion from 20 to 65
degrees. His examination was notable for an intact extensor mechanism, a positive Lachman test, and 5 mm greater medial
joint-line opening on valgus stress in flexion compared with that of the opposite knee.

Imaging: His MRI scan was consistent with a grade 2–3 medial collateral ligament (MCL) sprain, a lateral meniscus
tear, and an ACL tear (Fig. 13A).
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Fig. 13 Case 1. (A) The MRI scan demonstrates bone contusion predominately of the lateral femoral condyle and lateral tibial plateau consistent
with ACL and MCL injuries. The MCL identified by the red arrow is discontinuous in some areas, representing a grade 3 injury. There is also
a displaced fragment of the lateral meniscus identified by the yellow arrow. (B) At the time of surgery, it is demonstrated that the knee had
regained very close to full extension. (C) It required 8 weeks of rehabilitation to regain close to full flexion in this case. Flexion is often the
slowest motion to return after an MCL injury. The inflammation at the sight of injury limits the extensibility of the healing tissues, and motion
is lost because the ligament must lengthen to allow flexion.

Surgery/Treatment: Concerns with arthrofibrosis were explained, and he was referred to physical therapy, but he
returned in 2 weeks with motion only slightly improved from that at his initial examination. His knee was aspirated for
50 mL of serosanguineous fluid. A home CPM machine was prescribed, and a physical therapy program was prescribed
that included electrical stimulation to the quadriceps. After 8 weeks, he had regained all but several degrees of extension
and flexion (Fig. 13B). At this point, he underwent an allograft ACL reconstruction and partial lateral meniscectomy, and
over several months he regained the last degrees of extension and flexion (Fig. 13C). At the time of surgery, his medial
compartment did not open more than normal, and he was judged to be stable to valgus stress.

Discussion: This case underscores the vulnerability to motion loss with direct contact injuries of the ACL and MCL.
Some knees will have a significant period of inflammation that will require an understanding by the patient of the rationale
for postponing reconstruction. Very few of these knees will require surgery on the MCL because the ligament will usually
heal well, and concerns are greater for permanent loss of motion rather than for valgus instability. This type of case provides
a relative indication for use of an allograft and the avoidance of a patellar tendon graft to avoid concerns with arthrofibrosis
and loss of motion.

Case 2

Chief Complaint and Patient History: A 17-year-old girl who was the outstanding player and captain of her high school
basketball team presented 11 months after a hamstring graft ACL reconstruction with loss of motion. The ACL was ruptured
in a noncontact basketball injury, and she underwent reconstruction 10 days later. It was unknown what her motion was
before surgery, but she underwent a manipulation 3 weeks after surgery and an arthroscopy 8 weeks after surgery to help
regain motion. The reconstruction technique employed transtibial drilling of the femoral tunnel and fixation with a femoral
cortical button and a tibial bioabsorbable screw. Postoperatively, she worked with a physical therapist for several months,
but her range of motion did not improve beyond 15–110 degrees of flexion. She was coping with her injury and had even
returned to basketball, but she was limited in her capabilities.
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Fig. 14 Case 2. (A) The sagittal MRI scan demonstrates a graft that appears posteriorly placed on the tibia to prevent impingement but a
femoral tunnel located in the third quadrant from anterior to posterior along Blumensaat’s line. (B) The coronal-plane MRI scan demonstrates
an almost vertical graft. (C, D) More than a year after the patient’s initial surgery, there was an approximate 15-degree flexion contracture, and
full flexion was limited to 110 degrees. (E) A vertical graft was identified at arthroscopy and verified by the ability to visualize the entire lateral
wall of the notch. (F) After graft removal, the femoral tunnel is seen to lie outside the anatomic insertion of the native ACL. The native ACL
inserts on the lateral wall of the ACL notch.
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Physical Exam: Her examination revealed no tenderness, no effusion, and a good quadriceps contraction, but 0.5-inch
of thigh atrophy. Medial-lateral patellar mobility was slightly limited compared with that of the opposite side.

Imaging: Radiographs revealed only mild infrapatellar contracture. The MRI scan demonstrated a vertical graft that had
a femoral tunnel positioned in the third quadrant from anterior to posterior along Blumensaat’s line (Fig. 14A, B).

Treatment/Surgery: After much discussion, it was resolved that she would finish her senior basketball season before
addressing the limited motion of her knee. She returned in 3 months with an examination unchanged from that at pre-
sentation. At surgery, the knee could be manipulated only a few degrees beyond her preoperative motion, and, during
arthroscopy, a vertical graft was identified that did not impinge in the notch (Fig. 14C–E). It had been preoperatively dis-
cussed with the patient that removal of the graft would probably be necessary to regain motion, and this was done, revealing
a femoral tunnel near the top of the notch (Fig. 14F). Also, a medial parapatellar incision scar was excised from beneath
the patellar tendon down to the tibial tubercle. Her patellar mobility was judged as satisfactory at this point, and further
releases were not performed. Postoperatively, she began use of a CPM machine, and physical therapy was initiated, and by
8 months her extension deficit was 5 degrees and her flexion had increased to 130 degrees.

Discussion: In this case, a contributing factor to the loss of motion was the vertical graft placed somewhat anteriorly
in the notch. The tibial tunnel was placed posteriorly on the tibial plateau to prevent graft impingement, but the graft had
healed with such tension and in such a vertical position that motion could not be regained. The recalcitrant stiffness of the
knee despite manipulation was a major factor in the decision to remove the graft. This case underscores the concerns with
poor graft placement. There was no impingement, but a vertical graft was placed that probably contributed to the loss of
motion.

Case 3

Chief Complaint and Patient History: A 42-year-old woman presented with functional knee instability after two failed
allograft ACL reconstructions.

Physical Exam: On examination, she had close to full extension and flexion and only minimally increased valgus, varus,
and posterolateral rotation compared with that of her contralateral normal knee.

Imaging: The MRI scan demonstrated significant lysis around the tibial and femoral tunnels measuring more than 20 mm
in diameter for both tunnels (Fig. 15A).

Surgery/Treatment: It was elected to primarily graft the defects at a preliminary procedure prior to a revision recon-
structive procedure. At surgery, her tibial tunnel was cleared of soft tissue by first reaming the tibial tunnel, then curetting
the fibrous tissue from the tunnel. The femoral tunnel had been drilled using the transtibial method; therefore, it could
be cleared of old graft and scar through the tibial tunnel using a curette and shaver. The defect in the lateral wall of
the notch created by the femoral tunnel precluded any chance of proper graft placement or fixation (Fig. 15B). A gen-
erous quantity of autologous cancellous bone was harvested from the ipsilateral iliac crest and inserted through a metal
cannula into the femoral tunnel (Fig. 15C). The tibial tunnel was filled by placing an instrument over the intraarticular
opening of the tibial tunnel, then grafting the tibial tunnel from its extraarticular end. Six months was provided for the
graft to heal within the tunnels prior to reconstruction with an autologous patellar tendon graft. At revision surgery, the
tunnels were reamed through bone that was indistinguishable from normal bone, and the fixation with metal interference
screws was very good. Three years after surgery, the knee continued to be functionally stable with an intact graft by
examination.

Discussion: Particularly after two failed ACL reconstructions with allografts, there will be osteolysis in the tunnels.
In order to have the best probability of graft incorporation, staged autograft bone grafting then patellar tendon autograft
reconstruction were used to provide the best potential for healing.

Case 4

Chief Complaint and Patient History: A 25-year-old graduate student presented with knee instability 4 years after an
ACL reconstruction was performed with a hamstring graft using the transtibial drilling method. The patient had minor
trauma to the knee during an exercise class and felt a “pop,” then experienced instability in the knee. The patient denied
concerns with swelling or significant pain in the knee prior to the recent injury.
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Fig. 15 Case 3. (A) Sagittal MRI image demonstrates image after two failed allograft ACL reconstructions using the transtibial drilling method,
there have been two failures with extensive osteolysis in both tunnels measuring more than 20 mm in diameter. (B) At the bone grafting surgery,
the femoral tunnel is seen after removing the remnants of the graft and fibrous tissue from the femoral tunnel. The size of the defect precludes
the correct placement and fixation of a new graft; therefore, autologous bone grafting is necessary. (C) A generous quantity of bone graft has
been packed into the femoral tunnel through a cannula placed through the tibial tunnel. The femoral tunnel appears to lie too high in the notch
for ideal reconstructive technique.

Physical Exam: On examination, she had a positive Lachman test with approximately 6 mm of increased anterior
translation compared with that of the opposite knee and a grade 2 pivot-shift test.

Imaging: The radiographs and MRI scan revealed a ruptured graft and a tibial tunnel through the medial tibial articular
surface (Fig. 16A–C).

Surgery/Treatment: At the time of a revision ACL reconstruction, it was noted that indeed the tibial tunnel did traverse
the medial tibial articular surface, and abrasion of the graft on the medial femoral condyle had occurred (Fig. 16D).
However, the femoral tunnel was within the anatomic footprint of the ACL located halfway between the top of the notch
and the lowest point on the lateral wall (Fig. 16E). The tibial interference screw was easily removed, but the staples were not
symptomatic and therefore were not removed. The revision was performed using a tibialis tendon allograft placed through
an anatomic tibial tunnel that did not contact the prior tunnel. This new tunnel was started close to the tibial tubercle. The
previous femoral tunnel was reused and re-reamed from an auxiliary anteromedial portal (Fig. 16F).

Discussion: This case illustrates the difficulty coordinating tibial and femoral tunnels using the transtibial drilling
method, particularly if the tibial tunnel is started from the posteromedial tibia. The femoral tunnel was ideally placed,
but it was drilled through a tibial tunnel drilled medial to the anatomic footprint. Despite the medial tibial tunnel place-
ment, the patient experienced minimal symptoms prior to graft rupture.

Case 5

Chief Complaint and Patient History: A 26-year-old man presented with a chief complaint of instability in his right knee
for the past year. He had undergone a hamstring ACL reconstruction in the same knee 3 years prior to his presentation, but
he sustained an injury 1 year after the reconstruction after which his knee was unstable. Despite the instability, he continued
to play basketball and had repeated effusions.
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Fig. 16 Case 4. (A) The anterior radiograph demonstrates the tibial tunnel traversing the medial tibial articular surface and having an oblique
angle to the tibial plateau of approximately 50 degrees. This inclination of the tibial tunnel will help for transtibial drilling of a correct femoral
tunnel, but it places the tibial tunnel through the tibial articular surface. (B) The lateral radiograph demonstrates a tibial tunnel that starts approx-
imately halfway between the tibial tubercle and posteromedial tibia and a femoral tunnel located in the posterior quadrant along Blumensaat’s
line. (C) The anterior MRI scan delineates the medial position of the tibial tunnel relative to the intercondylar notch. (D) The arthroscopic image
of the tibial tunnel demonstrates its location slightly within the tibial articular plateau and some evidence of abrasion on the medial femoral
condyle. (E) The arthroscopic image of the femoral tunnel demonstrates a tunnel located within the anatomic femoral footprint of the ACL and
without extensive osteolysis. (F) A tibialis allograft has been placed in the previous femoral tunnel and secured with a bioabsorbable interference
screw after re-reaming the tunnel from an auxiliary anteromedial portal.

Physical Exam: His examination was significant for a positive Lachman test without an end point and a grade 2 pivot-
shift test.

Imaging: His radiographs and MRI scan were consistent with a prior reconstruction using a transverse femoral pin
technique and a new medial meniscus tear (Fig. 17A, B).

Surgery/Treatment: At revision reconstruction, a new tibial tunnel could be placed anterior to the prior tibial tunnel
that had been placed very close to the PCL (Fig. 17C, D). Drilling through an anteromedial portal, a new femoral tunnel
could be placed in the anatomic insertion of the ACL with an apparent 3-mm bone bridge between the prior misplaced
femoral tunnel and the new tunnel that was located essentially out of the femoral footprint (Fig. 17E, F).

Discussion: This case illustrates the challenge of placing correct tunnels using transtibial drilling and the femoral cross-
pin technique. This method will tend to create graft impingement on the PCL because of the need to place the tibial tunnel
posterior to avoid notch impingement anteriorly. Despite these maneuvers, a graft may still be more vertical than ideal and
be susceptible to failure. A revision procedure in this situation can be accomplished by placing a new tibial tunnel anterior
to the prior tunnel and a new femoral tunnel inferior to the prior tunnel.
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Fig. 17 Case 5. (A) The anterior radiograph demonstrates mild disuse osteopenia and a tibial tunnel at an angle of 60 degrees to the tibial
plateau. Angulation of the tibial tunnel at less than 70 degrees to the tibial plateau may help to correctly place a femoral tunnel using the
transtibial drilling method. (B) The lateral radiograph demonstrates osteopenia and a femoral tunnel placed correctly in the posterior quadrant
along Blumensaat’s line. (C) The arthroscopic image of the prior tibial tunnel placed very close to the PCL and probably posterior to the
anatomic tibial insertion of the ACL. (D) The arthroscopic image of the revision tibial tunnel placed completely anterior to the prior tunnel and
within the anatomic ACL tibial footprint. (E) The original femoral tunnel and remnant of the prior graft reveal a graft placed too superior in
the intercondylar notch. (F) The revision graft has been placed in a new anatomic femoral tunnel separated from the original femoral tunnel by
several millimeters.
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Posterior Cruciate Ligament and Posterolateral
Corner Reconstruction

Gregory C. Fanelli, Craig Edson, Kristin N. Reinheimer, and Daniel J. Tomaszewski

Introduction

Much has been learned and written about the anterior cru-
ciate ligament (ACL). Interest in the posterior cruciate liga-
ment (PCL) is increasing, and more articles are appearing in
the literature. The natural history of PCL tears has not been
well defined. The general consensus has been that isolated
PCL tears do well when treated nonoperatively, and multiple
ligament injuries about the knee should be surgically stabi-
lized [1–3].

The benign natural history of the isolated PCL tear has
been challenged recently [4–6]. Trickey, in 1980, calling the
PCL the central pivot point of the knee, recommended early
surgical treatment of all PCL tears [6].

Dandy and Pusey studied 20 patients treated conserva-
tively for a mean interval of 7.2 years and found that 14 con-
tinued to have pain while walking, whereas 9 had episodes
of giving way [4].

Keller et al. studied 40 patients with isolated PCL tears
treated nonoperatively [5]. At an average follow-up interval
of 6 years from the time of injury, 90% continued to expe-
rience pain, and 65% noted that their activity level was lim-
ited despite excellent muscle strength. Additionally, 65% of
patients had radiographic evidence of degenerative changes
that increased in severity as the time interval from injury
increased [5]. This supports Trickey’s earlier recommenda-
tion that PCL tears should be treated early surgically [6].

The purpose of this chapter is to review the anatomy and
biomechanics of the PCL and posterolateral corner (PLC),
describe the authors’ surgical technique, present the authors’
results of PCL-posterolateral reconstruction, and briefly dis-
cuss rehabilitation after PCL surgery.

G.C. Fanelli (�)
Department of Orthopaedic Surgery, Geisinger Clinic, Danville,
Pennsylvania

PCL Anatomy and Biomechanics

The PCL has been considered by some to be the strongest
knee ligament [7]. More recent studies indicate that the ACL
and PCL are of approximately equal strength [8–10]. The
PCL is the primary restraint to posterior tibial translation at
the knee and plays an integral part in knee joint stability.

The PCL is named because of its posterior insertion on
the tibia [11, 12]. PCL fibers are more vertically aligned than
those of the oblique ACL fibers. The PCL originates on the
posterolateral aspect of the medial femoral condyle where its
attachment is in the form of a segment of a circle. The tibial
attachment of the PCL is situated in a depression between the
two tibial plateaus. This attachment in the PCL fossa extends
for a few millimeters below the tibial articular surface [13].

Synovial tissue reflected from the posterior capsule covers
the ligament on its medial, lateral, and anterior surfaces. Dis-
tally, the posterior portion of the PCL blends with the poste-
rior capsule and periosteum. Strictly anatomically speaking,
the PCL is extraarticular while lying within its own synovial
sheath [12].

Girgis et al. found in cadaver and fresh knee dissections
that the PCL averaged 38 mm in length and 13 mm in width,
whereas the ACL averaged 38 mm in length and 11 mm in
width [13].

The PCL has been shown to consist of two major insepa-
rable bundles. The anterior bundle makes up the bulk of the
ligament and is tight in flexion and lax in extension. The pos-
terior bundle is much thinner, and these fibers are tight in
extension and lax in flexion. In reality, there is a gradually
changing pattern of fiber tension going from anterior to pos-
terior as the knee is extended [11–14]. Recent studies sug-
gest that the PCL consists of four fiber regions: anterior, cen-
tral, posterior longitudinal, and posterior oblique. These fiber
regions are based on fiber orientation and osseous attachment
sites, with the anterior and central groups composing approx-
imately 85% of the PCL bulk [15].

The fiber regions should not be confused with the
meniscofemoral ligaments, which are distinct and separate
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structures. In approximately 70% of knees, an accessory
meniscofemoral ligament is present [13, 16]. The anterior
meniscofemoral ligament of Humphry lies anterior to the
PCL, arising from the posterior horn of the lateral meniscus,
and inserting on the femur with the PCL. It is approximately
one third the diameter of the PCL. The posterior menis-
cofemoral ligament of Wrisberg arises as a continuation of
the posterior horn of the lateral meniscus and is closely asso-
ciated with the PCL. It has been measured to be up to one
half the diameter of the PCL [16]. There are no attachments
between the PCL and the medial meniscus.

The majority of the blood supply to the PCL stems from
the middle geniculate artery, a branch of the popliteal artery
[17]. The middle genicular artery also supplies the synovial
sheath, which itself is a major contributor of nourishment to
the PCL [18, 19]. Capsular vessels also supply the base of the
PCL via branches from the popliteal and inferior genicular
arteries [19].

Katonis et al. observed three types of nerve endings in the
PCL in a histologic study [20]. They observed Ruffini cor-
puscles (type I, pressure receptors), Vater-Pacini corpuscles
(type II, velocity receptors), and free nerve endings (type IV,
pain receptors). They further postulated that damage to the
PCL not only creates a mechanical disturbance but a central
neurologic one as well. This is most likely secondary to lack
of feedback mechanisms [20].

The PCL is the primary restraint to posterior tibial trans-
lation at all flexion angles >30 degrees [21, 22]. It provides
95% of the total restraining force for the straight posterior
drawer [21]. Gollehon et al. found in a biomechanical study
of cadaveric knees that isolated sectioning of the PCL did
not affect varus or external rotation of the tibia at any posi-
tion of knee flexion [22]. As expected, isolated sectioning
of the PCL increased posterior tibial translation with a pos-
teriorly directed force at all angles of flexion (maximum at
90 degrees). Sectioning of the lateral collateral ligament and
the posterolateral complex, while leaving the PCL intact,
resulted in small but significant increases in posterior trans-
lation at all angles of flexion (maximal at 30 degrees) [22].

As the knee progresses from flexion to extension, the
tibia externally rotates relative to the femur. This has been
traditionally called the “screw-home” mechanism of the
knee. Possible hypotheses of this mechanism include bony
anatomy and relative lengths of the cruciates [23]. Van Dom-
melen and Fowler suggested that the PCL plays an impor-
tant role in the screw-home mechanism because of variable
region taughtness at different flexion angles [12].

Covey and Sapega have conducted a biomechanical study
of cadavers to determine the effects of normal knee joint
motion and loading on end-to-end fiber length behavior
of the four fiber regions. They found obvious differences
in taughtness of the region when comparing passive joint
motion with simulated quadriceps force. This data may

help in determining optimum graft placement and post–PCL
reconstruction rehabilitation programs [24].

Posterolateral Corner Anatomy
and Biomechanics

The posterolateral corner consists of the lateral collat-
eral ligament, the arcuate ligament, the popliteus tendon,
the popliteofibular ligament, the short lateral ligament, the
fabellofibular ligament, and the posterolateral capsule. The
fibular attachment of the popliteus tendon, the popliteofibu-
lar ligament, is a common supporting structure of the pos-
terolateral corner of the knee. This structure reinforces the
posterolateral capsule. Its oblique anatomic orientation indi-
cates that it may act as a static restraint to varus and external
rotation movements [25].

The posterolateral corner structures serve to resist varus
stress, posterior tibial translation near full extension, and
external rotation of the tibia relative to the femur. Section-
ing of the posterolateral corner structures results in small
increases in posterior tibial translation but also in major
increases in varus rotation and external tibial rotation [25].

Incidence of PCL and Posterolateral
Corner Injuries

The incidence of PCL injuries has been reported to be in the
range of 1% to 40% of acute knee injuries [2, 26–31]. This
appears to be patient population dependent, and PCL injury
occurs more frequently in trauma patients than in athletic
injury patients [28, 29]. The authors have reported the inci-
dence of PCL injuries in acute knee injuries from their own
tertiary care regional trauma center [32]. The authors have
shown a 38% incidence of PCL tears in acute knee injuries
from the authors’ center. The two most frequent combined
PCL injuries were ACL-PCL injuries (45.9%) and PCL–
posterolateral corner injuries (41.2%). PCL–posterolateral
corner injuries are the second most frequently encountered
multiple ligament injuries of the knee involving the PCL [2,
28, 29, 32].

Clinical Presentation

Patients with PCL-posterolateral instability in the chronic sit-
uation will present with a functionally unstable knee. Symp-
toms will include hyperextension instability, posterolateral
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knee pain, and different degrees of a varus thrust when ambu-
lating. Depending on the degree of instability, peroneal nerve
symptoms also may be present [33]. Physical examination
features of an isolated PCL instability include the following:

• Abnormal posterior laxity less than 5–10 mm (tibial step-
off is still palpable).

• No abnormal varus.
• Abnormal external rotation of the tibia on the femur <10

degrees compared with the uninvolved side tested with the
knee at 30 and 90 degrees of flexion.

Physical examination features of combined PCL-
posterolateral instability include the following:

• Abnormal posterior laxity >5–10 mm. Tibial step-off is
flat or negative.

• Abnormal varus rotation at 30 degrees of knee flexion
(variable).

• Abnormal external rotation thigh foot angle of >10
degrees compared with the normal lower extremity tested
at 30 and 90 degrees of knee flexion.

• Positive external rotation recurvatum test (variable).
• Positive posterolateral drawer test.
• Positive reversed pivot-shift test (variable).

Treatment

The surgical treatment principles for PCL-posterolateral
instability are to correct the abnormal motion by address-
ing all the injured ligaments [34–48]. PCL reconstruction
is performed as an arthroscopically assisted procedure using
either autograft or allograft. The authors believe that the suc-
cess for posterolateral reconstruction consists in creating a
strong “posterolateral post” of autograft or allograft tissue
to re-create the function of the popliteofibular ligament. In
acute cases, the authors perform a direct repair of all injured
posterolateral structures and augment this repair with a “pos-
terolateral post” of soft tissue to reinforce the primary repair.
Chronic posterolateral instability is addressed by capsular
repair, if possible, and by reconstructing the function of all
the injured posterolateral and lateral structures. Graft choices
for the posterolateral reconstruction include free graft pro-
cedures, split biceps tendon transfer, biceps tendon trans-
fer, and capsular advancement procedures. Certain cases of
chronic PCL-posterolateral instability may require high tib-
ial valgus osteotomy to correct bony varus deformity prior
to ligament reconstruction. Failure to correct the bony varus
deformity exposes the ligament reconstruction to high ten-

sile loads, increasing the risk of ligament reconstruction
failure [25].

Surgical Indications

The authors’ indications for surgical treatment of acute
PCL injuries include insertion site avulsions, tibial step-off
decreased 5 mm or greater, and PCL tears combined with
other structural injuries. The authors’ indications for surgical
treatment of chronic PCL injuries are when an isolated PCL
tear becomes symptomatic or when progressive functional
instability develops.

Surgical Timing

Surgical timing of acute PCL–posterolateral corner injuries
depends upon the grade of the lateral side injury (A, B,
or C) and/or presence or absence of a bony avulsion of
the lateral ligament complex. The authors’ preferred tim-
ing for PCL–posterolateral corner tears is to allow capsu-
lar sealing to occur over 2–3 weeks, followed by arthro-
scopic PCL reconstruction and posterolateral corner primary
repair/reconstruction. The use of strong graft material in the
posterolateral corner independently or to augment primary
repair is essential for the success of this procedure. Cases of
bony avulsion or fibular head avulsion are repaired acutely,
and arthroscopic PCL reconstruction is performed 2–6 weeks
later.

Surgical Technique

PCL surgical reconstructions may be unsuccessful because
of failure to recognize and treat associated ligament insta-
bilities (posterolateral instability and posteromedial instabil-
ity), failure to treat varus osseous malalignment, and incor-
rect tunnel placement [49–51]. The keys to successful PCL
reconstruction are to identify and treat all pathology, use
strong graft material, accurately place tunnels in anatomic
insertion sites, minimize graft bending, use a mechanical
graft-tensioning device, use primary and back-up graft fix-
ation, and employ the appropriate postoperative rehabilita-
tion program. Adherence to these technical points results
in successful single-bundle and double-bundle arthroscopic
transtibial tunnel PCL reconstruction documented with stress
radiography, arthrometer, knee ligament rating scales, and
patient satisfaction measurements [35, 36, 40, 48, 52–56].
The purpose of this chapter is to describe the authors’
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surgical techniques for arthroscopic transtibial tunnel PCL
reconstruction and posterolateral reconstruction.

Graft Selection

The authors’ preferred graft source for PCL and
posterolateral reconstruction is allograft tissue. The
anterolateral bundle of the PCL is reconstructed with
Achilles’ tendon allograft, and the posteromedial bundle
of the PCL is reconstructed with tibialis anterior allograft
tissue. Posterolateral reconstruction is performed with
semitendinosus allograft for fibular-based reconstructions
combined with a posterolateral capsular shift procedure.
Fibular head and tibia-based posterolateral reconstructions
are performed with a split Achilles’ tendon allograft, or
semitendinosus allograft for the fibular arm and a tibialis
anterior allograft for the tibial arm, also combined with a
posterolateral capsular shift procedure.

PCL Reconstruction Surgical Technique

The patient is positioned on the operating table in the supine
position, and the surgical and nonsurgical knees are exam-
ined under general or regional anesthesia. A tourniquet is
applied to the operative extremity, and the surgical leg is
prepped and draped in a sterile fashion. Allograft tissue is
prepared prior to beginning the surgical procedure, and auto-
graft tissue is harvested prior to beginning the arthroscopic
portion of the procedure. Standard arthroscopic knee portals
are used. The joint is thoroughly evaluated arthroscopically,
and the PCL is evaluated using the three-zone arthroscopic
technique [35]. The PCL tear is identified, and the residual
stump of the PCL is debrided with hand tools and the syn-
ovial shaver.

An extracapsular posteromedial safety incision approxi-
mately 1.5–2.0 cm long is created [35, 36, 40, 48, 52–58].
The crural fascia is incised longitudinally, taking precautions
to protect the neurovascular structures. The interval is devel-
oped between the medial head of the gastrocnemius muscle
and the posterior capsule of the knee joint, which is ante-
rior. The surgeon’s gloved finger is positioned so that the
neurovascular structures are posterior to the finger, and the
posterior aspect of the joint capsule is anterior to the sur-
geon’s finger. This technique enables the surgeon to moni-
tor surgical instruments such as the over-the-top PCL instru-
ments and the PCL-ACL drill guide as they are positioned in
the posterior aspect of the knee. The surgeon’s finger in the
posteromedial safety incision also confirms accurate place-
ment of the guide wire prior to tibial tunnel drilling in the

Fig. 1 The surgeon is able to palpate the posterior aspect of the tibia
through the extracapsular extraarticular posteromedial safety incision.
This enables the surgeon to accurately position guide wires, create the
tibial tunnel, and to protect the neurovascular structures. (Illustration
courtesy of Biomet Sports Medicine, Inc., Warsaw, IN.)

medial-lateral and proximal-distal directions (Fig. 1). This is
the same anatomic surgical interval that is used in the tibial
inlay posterior approach.

The curved over-the-top PCL instruments are used to care-
fully lyse adhesions in the posterior aspect of the knee and to
elevate the posterior knee joint capsule away from the tibial
ridge on the posterior aspect of the tibia. This capsular eleva-
tion enhances correct drill guide and tibial tunnel placement
(Fig. 2).

The arm of the drill guide (Biomet Sports Medicine, War-
saw, IN) is inserted into the knee through the inferomedial
patellar portal and positioned in the PCL fossa on the pos-
terior tibia (Fig. 3). The bullet portion of the drill guide
contacts the anteromedial aspect of the proximal tibia
approximately 1 cm below the tibial tubercle, at a point mid-
way between the tibial crest anteriorly and the posterome-
dial border of the tibia. This drill guide positioning creates a
tibial tunnel that is relatively vertically oriented and has its
posterior exit point in the inferior and lateral aspect of the
PCL tibial anatomic insertion site. This positioning creates
an angle of graft orientation such that the graft will turn two
very smooth 45-degree angles on the posterior aspect of the
tibia, eliminating the “killer turn” of 90-degree graft angle
bending (Fig. 4).

The tip of the guide in the posterior aspect of the tibia is
confirmed with the surgeon’s finger through the extracapsular
posteromedial safety incision. Intraoperative anteroposterior
and lateral x-rays also may be used, as well as arthroscopic



PCL and Posterolateral Corner Reconstruction 157

Fig. 2 Posterior capsular elevation using the Arthrotek Biomet Sports
Medicine PCL instruments. (Illustration courtesy of Biomet Sports
Medicine, Inc., Warsaw, IN.)

Fig. 3 Arthrotek Biomet Sports Medicine PCL-ACL Drill Guide posi-
tioned to place guide wire in preparation for creation of the transtib-
ial PCL tibial tunnel. (Illustration courtesy of Biomet Sports Medicine,
Inc., Warsaw, IN.)

visualization to confirm drill guide and guide pin placement.
A blunt spade-tipped guide wire is drilled from anterior to
posterior and can be visualized with the arthroscope, in addi-
tion to being palpated with the finger in the posteromedial
safety incision. The authors consider the finger in the pos-

Fig. 4 Illustration demonstrating the desired turning angles the PCL
graft will make after the creation of the tibial tunnel. (Illustration cour-
tesy of Biomet Sports Medicine, Inc., Warsaw, IN.)

teromedial safety incision the most important step for accu-
racy and safety.

The appropriately sized standard cannulated reamer is
used to create the tibial tunnel. The closed curved PCL
curette may be positioned to cup the tip of the guide wire.
The arthroscope, when positioned in the posteromedial por-
tal, may visualize the guide wire being captured by the
curette and may help in protecting the neurovascular struc-
tures in addition to the surgeon’s finger in the posterome-
dial safety incision. The surgeon’s finger in the posterome-
dial safety incision is monitoring the position of the guide
wire. The standard cannulated drill is advanced to the pos-
terior cortex of the tibia. The drill chuck is then disengaged
from the drill, and completion of the tibial tunnel reaming
is performed by hand. This gives an additional margin of
safety for completion of the tibial tunnel. The tunnel edges
are chamfered and rasped with the PCL-ACL system rasp.

The PCL-ACL drill guide is positioned to create the
femoral tunnel. The arm of the guide is introduced through
the inferomedial patellar portal and is positioned such that
the guide wire will exit through the center of the stump of the
anterolateral bundle of the PCL (Fig. 5). The spade-tipped
guide wire is drilled through the guide, and just as it begins
to emerge through the center of the stump of the PCL antero-
lateral bundle, the drill guide is disengaged. The accuracy of
the placement of the wire is confirmed arthroscopically with
probing and visualization. Care must be taken to ensure the
patellofemoral joint has not been violated by arthroscopically
examining the patellofemoral joint prior to drilling and that
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Fig. 5 The Biomet Sports Medicine PCL-ACL Drill Guide is posi-
tioned to drill the guide wire from outside-in. The guide wire begins
at a point halfway between the medial femoral epicondyle and the
medial femoral condyle trochlea articular margin, approximately 2 to
3 cm proximal to the medial femoral condyle distal articular margin,
and exits through the center of the stump of the anterolateral bundle of
the PCL stump. (Illustration courtesy of Biomet Sports Medicine, Inc.,
Warsaw, IN.)

there is adequate distance between the femoral tunnel and
the medial femoral condyle articular surface. The appropri-
ately sized standard cannulated reamer is used to create the
femoral tunnel. A curette is used to cap the tip of the guide
wire so that there is no inadvertent advancement of the guide
wire, which may damage the ACL or articular surface. As
the reamer is about to penetrate interiorly, the reamer is dis-
engaged from the drill, and the final reaming is completed by
hand. This adds an additional margin of safety. The reaming
debris is evacuated with a synovial shaver to minimize fat
pad inflammatory response with subsequent risk of arthrofi-
brosis. The tunnel edges are chamfered and rasped.

When the double-bundle PCL reconstruction is per-
formed, the PCL-ACL drill guide is positioned to create the
second femoral tunnel. The arm of the guide is introduced
through the inferomedial patellar portal and is positioned
such that the guide wire will exit through the center of the
stump of the posteromedial bundle of the PCL. The blunt
spade-tipped guide wire is drilled through the guide, and,
just as it begins to emerge through the center of the stump of
the PCL posteromedial bundle, the drill guide is disengaged.
The accuracy of the placement of the wire is confirmed
arthroscopically with probing and visualization. Care must
be taken to ensure that there will be an adequate bone bridge
(approximately 5 mm) between the two femoral tunnels prior
to drilling. This is accomplished using the calibrated probe
and direct arthroscopic visualization. The appropriately sized
standard cannulated reamer is used to create the posterome-
dial bundle femoral tunnel. A curette is used to cap the tip
of the guide wire so there is no inadvertent advancement

of the guide wire, which may damage the ACL or articu-
lar surface. The tunnel is reamed in identical fashion to the
anterolateral (AL) bundle.

The PCL single-bundle or double-bundle femoral tun-
nels can be made from inside-out using the double-bundle
aimers (Biomet Sports Medicine). Inserting the appropriately
sized double-bundle aimer through a low anterolateral patel-
lar arthroscopic portal creates the PCL anterolateral bun-
dle femoral tunnel. The double-bundle aimer is positioned
directly on the footprint of the femoral anterolateral bun-
dle PCL insertion site. The appropriately sized guide wire
is drilled through the aimer, through the bone, and out a
small skin incision. Care is taken to ensure there is no com-
promise of the articular surface. The double-bundle aimer
is removed, and an acorn reamer is used to endoscopically
drill from inside-out the anterolateral PCL femoral tunnel.
When the surgeon chooses to perform a double-bundle dou-
ble femoral tunnel PCL reconstruction, the same process is
repeated for the posteromedial bundle of the PCL. Care must
be taken to ensure that there will be an adequate bone bridge
(approximately 5 mm) between the two femoral tunnels prior
to drilling. This is accomplished using the calibrated probe
and direct arthroscopic visualization (Fig. 6A, B).

Retrieving the graft can be facilitated by a suture passer.
One such device is the Magellan suture-passing device
(Biomet Sports Medicine). The suture-passing device is
introduced through the tibial tunnel and into the knee joint
and is retrieved through the femoral tunnel with an arthro-
scopic grasping tool. The traction sutures of the graft mate-
rial are attached to the loop of the suture-passing device, and
the PCL graft material is pulled into position.

Fixation of the PCL substitute is accomplished with pri-
mary and backup fixation on both the femoral and tibial
sides. The authors’ most commonly used graft source for
PCL reconstruction is the Achilles’ tendon allograft alone
for single-bundle reconstructions and Achilles’ tendon and
tibialis anterior allografts for double-bundle reconstructions,
although other allografts and autografts may be used as pre-
ferred by an individual surgeon. Femoral fixation is accom-
plished with cortical suspensory back-up fixation using
polyethylene ligament fixation buttons and aperture opening
fixation using bioabsorbable interference screws. The graft-
tensioning boot (Biomet Sports Medicine) is applied to the
traction sutures of the graft material on its distal end and
tensioned to restore the anatomic tibial step-off. The knee
is cycled through several sets of 25 full flexion-extension
cycles for graft pretensioning and settling (Fig. 7). The PCL
reconstruction graft is tensioned in physiologic knee flex-
ion ranges. Graft fixation is achieved with primary aper-
ture opening fixation using the bioabsorbable interference
screw and back-up fixation with a ligament fixation but-
ton, or screw and post or screw and spiked ligament washer
assembly (Fig. 8).
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a b

Fig. 6 (A) Biomet Sports Medicine Double Bundle Aimer positioned
to drill a guide wire for creation of the PCL posteromedial bundle
femoral tunnel through the low anterolateral patellar portal. (Illustra-
tion courtesy of Biomet Sports Medicine, Inc. Warsaw, IN.) (B) Endo-

scopic acorn reamer is used to create the PCL posteromedial bundle
through the low anterolateral patellar portal. (Illustration courtesy of
Biomet Sports Medicine, Inc., Warsaw, IN.)

Fig. 7 Biomet Sports Medicine Knee Ligament Graft-Tensioning
Boot. This mechanical tensioning device uses a ratcheted torque wrench
device to assist the surgeon during graft tensioning. (Illustration cour-
tesy of Biomet Sports Medicine, Inc., Warsaw, IN.)

Posterolateral Reconstruction Surgical
Technique

The free graft figure-of-eight technique for posterolateral
reconstruction uses semitendinosus autograft or allograft,
Achilles’ tendon allograft, or other soft tissue allograft mate-
rial. This technique combined with capsular repair and/or
posterolateral capsular shift procedures mimics the func-
tion of the popliteofibular ligament and lateral collateral lig-

Fig. 8 Final graft fixation using primary and back-up fixation. (Illus-
tration courtesy of Biomet Sports Medicine, Inc., Warsaw, IN.)

ament, tightens the posterolateral capsule, and provides a
post of strong autogenous tissue to reinforce the posterolat-
eral corner [59–62]. A curvilinear incision is made in the
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Fig. 9 Posterolateral reconstruction using two-tailed graft. Transfibu-
lar head figure-of-eight semitendinosus allograft mimics the force vec-
tors of the fibular collateral ligament and the popliteofibular ligament.
Transtibial tibialis anterior allograft mimics the force vectors of the
popliteus tendon. Posterolateral capsular shift is also performed. (Illus-
tration courtesy of Biomet Sports Medicine, Inc., Warsaw, IN.)

lateral aspect of the knee extending from the lateral femoral
epicondyle to the interval between Gerdy’s tubercle and the
fibular head. The peroneal nerve is dissected free and pro-
tected throughout the procedure. The fibular head is exposed,
and a 7-mm tunnel is created in an anterior inferior to pos-
terior superior direction at the area of maximal fibular diam-
eter. The tunnel is created by passing a guide pin followed
by a cannulated drill usually 7 mm in diameter. The peroneal
nerve is protected during tunnel creation and throughout the

procedure. The free tendon graft is then passed through the
fibular head drill hole. An incision is made in the iliotib-
ial band in line with the fibers directly overlying the lateral
femoral epicondyle. A longitudinal incision is made in the
lateral capsule just posterior to the fibular collateral ligament.
The graft material is passed medial to the iliotibial band and
secured to the lateral femoral epicondylar region with a screw
and spiked ligament washer with the allograft insertion sites
corresponding with the anatomic insertion sites of the fibular
collateral ligament and the popliteus tendon. The posterolat-
eral capsule that had been previously incised is then shifted
and sewn into the strut of figure-of-eight graft tissue material
to eliminate posterolateral capsular redundancy. The anterior
and posterior limbs of the figure-of-eight graft material are
sewn to each other to reinforce and tighten the construct.
The final graft-tensioning position is approximately 30–40
degrees of knee flexion with the tibia in maximal internal
rotation. The iliotibial band incision is closed.

When there is a disrupted proximal tibiofibular joint or
hyperextension external rotation recurvatum deformity, a
two-tailed (fibular head, proximal tibia) posterolateral recon-
struction is used [59–62]. The semitendinosus allograft is
passed through the fibular head and secured to the lateral
femoral epicondylar area as described earlier. A tibial arm of
the reconstruction is passed through a 7-mm drill hole made
2 cm below the joint line through the proximal lateral tibia.
This tibial arm of the posterolateral reconstruction follows
the course of the popliteus tendon, providing additional sup-
port to the posterolateral corner. The procedures described
are intended to eliminate posterolateral and varus rotational
instability (Fig. 9).

Incorporation of autologous platelet-rich fibrin matrix into
the grafts used in the PCL and posterolateral reconstructive
procedures has been found to enhance the biologic healing
response and graft incorporation [63]. The authors’ clini-
cal results demonstrate earlier soft tissue graft incorporation
documented radiographically, enhanced wound healing, and
decreased wound inflammation and pain (Fig. 10A, B).

a b

Fig. 10 (A) Cascade (Musculoskeletal Transplant Foundation, Edi-
son, NJ) platelet-rich fibrin matrix incorporated into the PCL graft
preparation and (B) the posterolateral reconstruction. The authors’ clin-

ical results demonstrate earlier soft tissue graft incorporation doc-
umented radiographically, enhanced wound healing, and decreased
wound inflammation and pain
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Rehabilitation

The knee is immobilized in a long leg brace in full extension,
with non-weight-bearing using crutches. Progressive range
of motion occurs during weeks 3 through 6. The brace is
unlocked between 4 and 6 weeks, and progressive weight-
bearing at 25% body weight per week is allowed during
postoperative weeks 7–10. The crutches are discontinued at
the end of postoperative week 10. Progressive strength train-
ing and range of motion exercises are performed. Return to
sports and heavy labor occurs after the sixth to ninth postop-
erative month, when sufficient strength, range of motion, and
proprioceptive skills have returned.

Complications

ACL surgery is a frequently performed orthopaedic sur-
gical procedure in the United States. PCL injuries occur
less frequently in this country, and the experience of the
orthopaedic surgeon is correspondingly less for PCL exam-
ination, diagnosis, and surgical reconstructive procedures.
Studies indicate that acute PCL injuries are related to geo-
graphic region, frequency of blunt trauma, and the population
density of orthopaedic surgeons. It is estimated that relatively
few orthopaedic surgeons perform PCL surgery compared
with ACL surgery, and complications may result from lack
of experience in diagnosis, surgical techniques, and post-
operative care. PCL reconstruction is technically demand-
ing surgery. Complications encountered with this surgical
procedure include failure to recognize associated ligament
injuries, neurovascular complications, persistent posterior
sag, osteonecrosis, knee motion loss, anterior knee pain,
and fractures. A comprehensive preoperative evaluation that
includes an accurate diagnosis, a well-planned and carefully
executed surgical procedure, and a supervised postoperative
rehabilitation program will help to reduce the incidence of
these complications.

Results: Single-Bundle PCL Reconstruction

In 2004, Fanelli and Edson published the 2- to 10-year (24-
to 120-month) results of 41 chronic arthroscopically assisted
combined PCL-posterolateral reconstructions evaluated pre-
operatively and postoperatively using Lysholm, Tegner, and
Hospital for Special Surgery (HSS) knee ligament rating
scales, KT1000 (MedMetric Corporation, San Diego, CA)
arthrometer testing, stress radiography, and physical exam-
ination [48]. PCL reconstructions were performed using
the arthroscopically assisted single femoral tunnel–single-
bundle transtibial tunnel PCL reconstruction technique using
fresh-frozen Achilles’ tendon allografts in all 41 cases. In

all 41 cases, posterolateral instability reconstruction was per-
formed with combined biceps femoris tendon tenodesis and
posterolateral capsular shift procedures. Postoperative phys-
ical exam revealed normal posterior drawer/tibial step-off
for the overall study group in 29 of 41 (70%) knees. Nor-
mal posterior drawer and tibial step-offs were achieved in
91.7% of the knees tensioned with the mechanical graft ten-
sioner (Biomet Sports Medicine). Posterolateral stabilit was
restored to normal in 11 of 41 (27%) knees and was tighter
than the normal knee in 29 of 41 (71%) knees evaluated with
the external rotation thigh foot angle test. Thirty-degree varus
stress testing was normal in 40 of 41 (97%) knees and grade 1
laxity in 1 of 41 (3%) knees. Postoperative KT1000 arthrom-
eter testing mean side-to-side difference measurements were
1.80 mm (PCL screen), 2.11 mm (corrected posterior), and
0.63 mm (corrected anterior) measurements. This is a statis-
tically significant improvement from preoperative status for
the PCL screen and the corrected posterior measurements
(p = 0.001). The postoperative stress radiographic mean
side-to-side difference measurement measured at 90 degrees
of knee flexion and 32 pounds of posterior directed force
applied to the proximal tibia using the Telos device (Telos
GmbH, Laubscher, Holstein, Switzerland) was 2.26 mm.
This is a statistically significant improvement from preopera-
tive measurements (p = 0.001). Postoperative Lysholm, Teg-
ner, and HSS knee ligament rating scale mean values were
91.7, 4.92, and 88.7, respectively, demonstrating a statisti-
cally significant improvement from preoperative status (p =
0.001). The authors concluded that chronic combined PCL-
posterolateral instabilities can be successfully treated with
arthroscopic PCL reconstruction using fresh-frozen Achilles’
tendon allograft combined with posterolateral corner recon-
struction using biceps tendon tenodesis combined with pos-
terolateral capsular shift procedure. Statistically significant
improvement is noted (p = 0.001) from the preoperative con-
dition at 2- to 10-year follow-up using objective parame-
ters of knee ligament rating scales, arthrometer testing, stress
radiography, and physical examination.

In 2005, Fanelli et al. published the 2-year follow-
up results of 15 allograft ACL-PCL reconstructions
using a mechanical graft-tensioning device (Biomet Sports
Medicine) [55]. This study group consisted of 11 chronic
and 4 acute injuries. These injury patterns included six
ACL PCL PLC injuries, four ACL PCL medial collateral
ligament (MCL) injuries, and five ACL PCL PLC MCL
injuries. All knees had grade III preoperative ACL-PCL lax-
ity and were assessed preoperatively and postoperatively
using Lysholm, Tegner, and HSS knee ligament rating scales,
KT1000 arthrometer testing, stress radiography, and physical
examination.

Arthroscopically assisted combined ACL-PCL recon-
structions were performed using the single-incision endo-
scopic ACL technique and the single femoral tunnel–
single-bundle transtibial tunnel PCL technique. PCLs were
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reconstructed with allograft Achilles’ tendon in all 15 knees.
ACLs were reconstructed with Achilles’ tendon allograft in
all 15 knees. MCL injuries were treated surgically using
primary repair, posteromedial capsular shift, and allograft
augmentation as indicated. Posterolateral instability was
treated with allograft semitendinosus free graft, with or with-
out primary repair, and posterolateral capsular shift proce-
dures as indicated. The graft-tensioning boot (Biomet Sports
Medicine) was used in this series of patients.

Postreconstruction physical examination results revealed
normal posterior drawer/tibial step-off in 13 of 15 (86.6%)
knees. They also revealed normal Lachman test in 13 of
15 (86.6%) knees and normal pivot-shift tests in 14 of 15
(93.3%) knees. Posterolateral stability was restored to nor-
mal in all knees with posterolateral instability when eval-
uated with the external rotation thigh foot angle test (nine
knees equal to the normal knee, and two knees tighter than
the normal knee). Thirty-degree varus stress testing was
restored to normal in all 11 knees with posterolateral instabil-
ity. Thirty- and zero-degree valgus stress testing was restored
to normal in all nine knees with medial-side laxity. Postop-
erative KT1000 arthrometer testing mean side-to-side differ-
ence measurements were 1.6 mm (range, –3 to 7 mm) for
the PCL screen, 1.6 mm (range, –4.5 to 9 mm) for the cor-
rected posterior, and 0.5 mm (range, –2.5 to 6 mm) for the
corrected anterior measurements, a significant improvement
from preoperative status. Postoperative stress radiographic
side-to-side difference measurements measured at 90 degrees
of knee flexion and 32 pounds of posteriorly directed proxi-
mal force using the Telos stress radiography device were 0–
3 mm in 10 of 15 knees (66.7%), 4 mm in 4 of 15 knees
(26.7%), and 7 mm in 1 of 15 knees (6.67%). Postopera-
tive Lysholm, Tegner, and HSS knee ligament rating scale
mean values were 86.7 (range, 69–95), 4.5 (range, 2–7), and
85.3 (range, 65–93) respectively, demonstrating a significant
improvement from preoperative status.

The authors concluded that the study group demon-
strates the efficacy and success of using allograft tissue and
a mechanical graft-tensioning device/graft-tensioning boot
(Biomet Sports Medicine) in single-bundle single femoral
tunnel arthroscopic PCL reconstruction.

Double-Bundle Compared with
Single-Bundle PCL Reconstruction Results
and Single-Bundle Versus Double-Bundle
Arthroscopic Transtibial PCL
Reconstruction Results

Ninety consecutive arthroscopic transtibial PCL reconstruc-
tions were performed by a single surgeon [64]. Forty-five

single-bundle and 45 double-bundle reconstructions were
performed using fresh-frozen Achilles’ tendon allograft for
the anterolateral bundle and tibialis anterior allograft for
the posteromedial bundle. Postoperative comparative results
were assessed using Telos stress radiography, KT1000,
Lysholm, Tegner, and HSS knee ligament rating scales. Post-
operative period ranged from 15 to 72 months.

Three groups of data were analyzed: Single- and double-
bundle all; single-bundle PCL–collateral and double-bundle
PCL–collateral; and single-bundle PCL–ACL–collateral and
double-bundle PCL–ACL–collateral. Mean postoperative
side-to-side difference values for Telos, KT1000 PCL screen,
KT1000 corrected posterior, and KT1000 corrected anterior
measurements for the overall single-bundle group in millime-
ters were 2.56, 1.91, 2.11, and 0.23, respectively.

Mean postoperative side-to-side difference values for
Telos, KT1000 PCL screen, KT1000 corrected posterior,
and KT1000 corrected anterior measurements for the over-
all double-bundle group in millimeters were 2.36, 2.46, 2.94,
and 0.15, respectively. Mean postoperative values for Tegner,
Lysholm, and HSS knee ligament rating scales for the single-
bundle group were 5.0, 90.3, and 86.2, respectively. Mean
postoperative values for Tegner, Lysholm, and HSS knee lig-
ament rating scales for the double-bundle group were 4.6,
87.6, and 83.3, respectively.

Mean postoperative side-to-side difference values for
Telos, KT1000 PCL screen, KT1000 corrected posterior,
and KT1000 corrected anterior measurements for the single-
bundle PCL–collateral group in millimeters were 2.59, 1.63,
2.03, and 0.25, respectively. Mean postoperative side-to-side
difference values for Telos, KT1000 PCL screen, KT1000
corrected posterior, and KT1000 corrected anterior measure-
ments for the double-bundle PCL–collateral group in mil-
limeters were 1.85, 2.03, 2.83, and –0.17, respectively. Mean
postoperative values for Tegner, Lysholm, and HSS knee
ligament rating scales for the single-bundle PCL–collateral
group were 5.4, 90.9, and 87.7, respectively. Mean postoper-
ative values for Tegner, Lysholm, and HSS knee ligament rat-
ing scales for the double-bundle PCL–collateral group were
4.9, 89.0, and 86.5, respectively.

Mean postoperative side-to-side difference values for
Telos, KT1000 PCL screen, KT1000 corrected posterior,
and KT1000 corrected anterior measurements for the single-
bundle PCL–ACL–collateral group in millimeters were 2.53,
2.19, 2.19, and 0.22, respectively. Mean postoperative side-
to-side difference values for Telos, KT1000 PCL screen,
KT1000 corrected posterior, and KT1000 corrected anterior
measurements for the double-bundle PCL–ACL–collateral
group in millimeters were 3.16, 2.86, 3.09, and 0.41, respec-
tively. Mean postoperative values for Tegner, Lysholm, and
HSS knee ligament rating scales for the single-bundle PCL–
ACL–collateral group were 4.7, 89.6, and 84.6, respectively.
Mean postoperative values for Tegner, Lysholm, and HSS
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knee ligament rating scales for the double-bundle PCL–
ACL–collateral group were 4.3, 86.0, and 79.4, respectively.

Both single-bundle and double-bundle arthroscopic
transtibial tunnel PCL reconstructions provide excellent
results in these complex knee instability patterns. The
authors’ results did not indicate that one surgical procedure
was clearly superior to the other.

Clinical Pearls/Summary

Both the single-bundle and double-bundle arthroscopically
assisted transtibial PCL reconstruction techniques are suc-
cessful surgical procedures. The authors have documented
results demonstrating statistically significant improvements
from preoperative to postoperative status evaluated by phys-
ical examination, knee ligament rating scales, arthrometer
measurements, and stress radiography. Factors contributing
to the success of this surgical technique include identification
and treatment of all pathology (especially posterolateral and
posteromedial instability), accurate tunnel placement, place-
ment of strong graft material at anatomic graft insertion sites,
minimizing graft bending, performing final graft tensioning
at 70–90 degrees of knee flexion using the graft tension-
ing boot (Biomet Sports Medicine), using primary and back-
up fixation, and the appropriate postoperative rehabilitation
program.
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Arthrofibrosis and Synovial Lesions of the Knee

John C. Richmond and Iván Encalada-Diaz

Arthrofibrosis

Introduction

Restriction of motion of any joint can result from
arthrofibrosis. When this involves the knee, any loss of exten-
sion is particularly bothersome, because serious gait abnor-
malities can result. Although limitation of knee motion may
result from minor injury or even diagnostic arthroscopy, it
is much more common after major injury or surgery, as
in multiligament injury of the knee or periarticular frac-
tures. Factors associated with the incidence and severity
of arthrofibrosis after surgery include the magnitude of the
operative procedure, restriction of motion prior to surgery,
and the duration of immobilization employed postoperatively
[1–4].

Loss of knee motion after surgery or injury is not a new
problem. In the past, open treatment was relied upon to
address motion limitations about the knee. Thompson, in the
1940s, described an extensive open quadricepsplasty to treat
motion limitations about the knee [5]. Recognition of the
areas that contribute to motion limitation should be attributed
to Nicoll [6]. He identified four potential sites that could con-
tribute to the problem. These included fibrosis of the vastus
intermedius in and around the suprapatella pouch, intraartic-
ular adhesions between the patella and femur, fibrosis of the
vastus lateralis with adhesions to the lateral femoral condyle,
and shortening of the rectus femoris. As with Thompson
before him, Nicoll recommended open surgical release of
all these areas until motion was regained. With the advent
of arthroscopy in the 1970s, Sprague et al. recognized its
potential for the treatment of arthrofibrosis about the knee
[1]. Many authors since that time have furthered our under-
standing, evaluation, and treatment of this condition. Arthro-
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Table 1 Classification of the types of arthrofibrosis of the knee

Extension loss Flexion loss
Type (degrees) (degrees) Patellar mobility

1 >5 None Normal
2 None >20 Limited inferior glide
3 >10 >25 Limited in all planes
4 >10 >30 Patella infera

scopic surgery, with its reduction in joint trauma, has sub-
stantially reduced the incidence and severity of postoperative
arthrofibrosis about the knee. Current classification systems
rely on defining the restriction of tibiofemoral motion as well
as patellar mobility. An accepted classification system is pre-
sented in Table 1 [7].

Patella infera and the infrapatella contraction syndrome
(IPCS) were initially recognized by Paulos et al. [3]. This is
a specific and very difficult to treat contracture that results
from abnormal fibrosis of the infrapatella fat pad and the
peripatella tissues. Progressive shortening of the patellar
tendon in this condition makes it particularly resistant to
treatment.

Whereas prevention of arthrofibrosis cannot be com-
pletely attained to date, there are a number of mechanisms
whereby its frequency can be reduced after surgery. Atten-
tion to these details includes the timing of surgical pro-
cedures such that full motion is attained preoperatively,
positioning of grafts anatomically, and rehabilitation pro-
tocols that encourage early mobilization, when appropriate
[4, 7, 8].

Anatomy

The majority of the pathology related to arthrofibrosis is
intraarticular. Most commonly, the condition begins with
the formation of intraarticular adhesions. Motion limitation
by pain, hemarthrosis, or an incorrectly positioned graft
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will lead to scar formation within the joint. If rehabilitation
techniques are inadequate to overcome the problem, the scar
will contract. Motion limitation may become progressive,
and, in the worst case, progressive fibrosis of the infrapatella
fat pad results in IPCS and patella infera [2, 3]. Secondary
contractures can occur in either the quadriceps or hamstring
muscles [6]. Capsule contractures from prolonged limitation
of motion also need to be considered. With limitation of flex-
ion, secondary contracture in the suprapatellar pouch and
gutters may occur. Whereas the arthroscopic surgeon will
tend to focus on intraarticular pathology, it is important to
understand there are extraarticular anatomic components to
these contractures as well. The most common issue presented
is a shortening of the quadriceps mechanism. This can occur
proximal to the patella with an extension contracture where
the quadriceps muscle is shortened and normal gliding over
the anterior femur reduced [5, 6]. With IPCS, the quadriceps
mechanism is shortened below the patella, with a patella baja
as evidenced radiographically [3, 4].

Pathophysiology

The normal healing process is regulated by numerous growth
factors, which are produced locally by cells that migrate
to an area of injury. This leads to a process that includes
a series of interrelated steps to produce scar. At the time
of injury and active healing that follows, the expression of
growth factors is highest and then progressively declines.
Mature scar tissue does not produce growth factors. In the
case of IPCS, the regulatory process to stop the production
of growth factors and inflammatory kinins does not func-
tion properly. The scar that forms in IPCS is very simi-
lar histologically in response to stress to the fibrotic tissue
from Dupuytren′s contracture [9–13]. Both have been stud-
ied and respond abnormally by the expression of transform-
ing growth factor beta and interleukin-6 in response to cyclic
loading in tissue culture. Interleukin-6 is a potent mediator
of inflammation, and transforming growth factor beta is a
potent mediator of scar formation. This abnormal expres-
sion of these two regulatory molecules may explain the fre-
quently noted inflammatory response to repetitive stretch-
ing in arthrofibrosis [14]. Aggressive stretching of these
joints after surgery may in fact stimulate and perpetuate
the inflammatory and scar-forming processes. Alpha smooth
muscle contractile fibroblastic cells also have been identified
in arthrofibrosis tissue from the knee. This contractile pro-
tein produced by myofibroblast may contribute to contrac-
tion of the scar and shortening of the periarticular tissues in
arthrofibrosis [15].

Indications and Techniques

The early signs of arthrofibrosis may be a delay in return of
motion after injury or surgery. Magnetic resonance imaging
(MRI) for soft tissue injuries and computed tomography (CT)
scans for fractures about the knee are important adjuncts
to identify mechanical blocks to motion after injury. Mal-
positioned anterior cruciate ligament (ACL) grafts remain a
common cause of postoperative knee stiffness. Routine
radiographs are often adequate to identify malpositioned
ACL grafts, although MRI scanning may be necessary to
identify notch impingement limiting motion. If a patient
fails to regain adequate early extension after ACL surgery,
then an aggressive approach for diagnosis of the etiol-
ogy of this motion loss is appropriate, because a lack
of extension may lead to early patellofemoral arthrosis, a
frequent complication of flexion contractures of the joint
[3, 4, 7, 16].

If a mechanical block to motion is identified through
imaging studies, then early surgery, such as meniscal repair
for a displaced bucket-handle tear or notchplasty for imping-
ing ACL graft, is indicated early on to reduce the risk of
secondary damage to the joint. If no mechanical block to
motion is identified, then clinical evaluation in the joint is
important in decision-making. If there is significant warmth
about the knee, this is evidence of a developing IPCS, and
aggressive physical therapy is contraindicated. Repetitive
forceful stretching of the joint will perpetuate the inflam-
mation and may increase the contracture [3]. If the joint
is cool, without inflammation, then a focused mobilization
program through physical therapy may assist in regaining
motion.

Pain is often a symptom of a developing IPCS. When
IPCS is recognized in the inflammatory phase, the authors
believe this is very similar to the inflammatory phase
of adhesive capsulitis of the shoulder. The authors rely
on oral corticosteroids over a 4-week taper in conjunc-
tion with a very gentle physical therapy program to
maintain motion and relieve this inflammation. It is cru-
cial that the inflammatory phase is eliminated prior to
undertaking more aggressive surgical treatment of the
arthrofibrosis.

When there is a functional limitation to the patient as a
result of this loss of motion, then surgical treatment is appro-
priate. The type of surgery, the location where it is carried out
(surgicenter vs. hospital), and postoperative rehabilitation are
determined by the type of arthrofibrosis as noted in Table 1.
Whereas types 1 and 2 are often easily addressed in an outpa-
tient surgicenter, followed by immediate outpatient physical
therapy, types 3 and 4 typically require inpatient hospitaliza-
tion for several days for pain management and optimal mobi-
lization postoperatively [17].
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Type 1 limitation of motion, with a pure extension loss,
typically results from scar that is either anterior in the notch
or about the fat pad. An anteriorly placed tibial tunnel for
an ACL graft, impinging on the notch, also may lead to a
flexion contracture. A flexion contracture of as little as 5–8
degrees may result in a limp and anterior knee pain, neces-
sitating surgical treatment. Contractures of 10 degrees or
more are almost always symptomatic. The authors rely on
arthroscopy for evaluation and treatment in this condition,
although a combination of arthroscopic and limited open
techniques may be employed for scarring of the fat pad to
the anterior tibia. The authors prefer general or spinal anes-
thesia for type 1 or 2 arthrofibrosis, with monitored anesthe-
sia care in conjunction with local anesthesia typically being
inadequate to allow the extensive resection of scar tissue that
is appropriate. The authors typically do not use a tourni-
quet during these procedures and rely on the injection of a
local anesthetic with epinephrine into the joint prior to begin-
ning the procedure and meticulous hemostasis with electro-
cautery during the procedure to control bleeding. Radiofre-
quency devices can be used instead of the shaver to resect the
scar, as the hemostatic effect is beneficial. Most commonly,
adhesions between the fat pad and the intercondylar notch
or a Cyclops lesion anterior to an ACL graft are present.
In type 1 arthrofibrosis, one rarely encounters adhesions in
the suprapatella pouch or gutters, but, if these are identified,
they should be resected. If full extension cannot be obtained
after resection of all intraarticular scar, then the extrasynovial
region between the fat pad extending to the distal patellar
tendon and the tibia should be addressed. Although this can
be done arthroscopically via the joint, it is the authors’ pref-
erence to do this through a small incision just lateral to the
tendon, using a blunt obturator or periosteal elevator to free
the fat pad and patellar tendon from the tibia, reestablishing
the bursa. This surgery may be carried out in a surgicenter on
an outpatient basis, if it is perceived that outpatient pain man-
agement and physical therapy are appropriate for the patient
[4, 17]. Certainly, hospitalization on an observation status for
23 hours or as an inpatient for longer may be appropriate.
Splinting in extension or the use of a commercial extension
board is important in the early postoperative period. Immedi-
ate physical therapy (which can be done either as an inpatient
or outpatient) to maintain full extension and mobilization of
the joint is appropriate. Use of continuous passive motion
(CPM) machines in this situation is actually counterproduc-
tive, because full extension (or natural hyperextension) can
be difficult to obtain with CPM. Patients should be encour-
aged to use crutches (partial weight-bearing) until they have
full active extension and can maintain this extension with
gait.

Type 2 arthrofibrosis typically results from immobiliza-
tion in extension or excessive pain limiting flexion early on
after surgery or injury [2, 7, 16]. Clinical evaluation shows

that only flexion is limited and that there is decreased infe-
rior excursion of the patella (but no significant limitation of
medial or lateral glide). When appropriate physical therapy
fails to regain adequate motion, then surgery is indicated. As
with type 1 arthrofibrosis, it may or may not be necessary
to use a tourniquet. Again, we favor distension of the joint
with use of a local anesthetic with epinephrine prior to begin-
ning the procedure to assist in hemostasis and also facilitate
insertion of instrumentation. Anteromedial and anterolateral
portals are usually all that are needed. Typically, the supra-
patella pouch is either obliterated with scar or has signifi-
cant adhesions from the quadriceps mechanism to the ante-
rior femur (Fig. 1). There may also be scar anterior in the
notch. Initial resection of all scar using motorized shaver
or radiofrequency electrocautery should be accomplished
(Fig. 2). Meticulous hemostasis is necessary. The distal
quadriceps muscle also should be freed from the anterior
femur to allow its normal excursion. We typically do this
with a blunt obturator, dissecting medial, anterior, and lateral
to the femur. At the completion of the resection of all scar
and freeing of the quadriceps from the femur, the joint should
be manipulated into full flexion. This is accomplished with
gentle sustained pressure. The tourniquet, if used during scar
resection, should be deflated prior to manipulation to allow
normal quadriceps muscle excursion. If any excessive bleed-
ing is encountered at this point, it is the authors’ preference to
drain the joint with suction drains placed into the medial and
lateral gutters and to admit the patient for a minimum of 23
hours. As with surgery for type 1 arthrofibrosis, this surgery
often may be carried out in a surgicenter on an outpatient
basis, if it is perceived that outpatient pain management and
physical therapy are appropriate for the patient. Certainly,

Fig. 1 Arthroscopic view of the suprapatella pouch, which is markedly
reduced in size due to dense adhesions from the quadriceps tendon to
the anterior femur
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Fig. 2 Restoration of the normal suprapatella pouch, with muscle
fibers visible beyond the synovium proximally

hospitalization on an observation status for 23 hours or as
an inpatient for longer may be appropriate. Immediate CPM
machine use at the maximum flexion tolerated is encour-
aged. Physical therapy should begin immediately. If postop-
erative pain management is an issue, then a femoral nerve
block (continuous, repeated, or one-time) may be exceed-
ingly beneficial to control pain and maintain motion. A con-
tinuous epidural catheter also may be of benefit in pain
management.

Types 3 and 4 arthrofibrosis include patellar entrapment
syndromes, with involvement of the soft tissues about the
patella and the patella tendon. When the tendon itself is
involved, this results in true IPCS [2–4]. Surgery is almost
always necessary to treat these conditions. Surgical treatment
should be delayed until there is complete resolution of the
inflammatory stage from the injury of surgery. The devel-
opment of patella infera is the hallmark of IPCS. A flexed
knee lateral radiograph at 45 degrees will show a reduced
Insall-Salvati ratio, which is the ratio of the patella tendon
length divided by the length of the patella (Fig. 3). There
is a wide variability between this ratio of patellar tendon
length to patellar length (range, 0.75–1.46, mean = 1.02),
although there is almost no variability side-to-side in an indi-
vidual patient. Comparison with the normal knee at the same
flexion angle is key. More than 8 mm of shortening of the
patellar tendon will require that this problem be addressed.
It is the authors’ preference to do this through osteotomy
and slide the tubercle proximally to restore normal patellar
height. Oftentimes, the DeLee type tibial tubercle osteotomy
is an appropriate procedure to restore normal patellar tendon
height (Fig. 4A–D) [18].

Surgical treatment for types 3 and 4 arthrofibrosis can
be accomplished via arthroscopic, open, or combined pro-

Fig. 3 Lateral radiograph demonstrating the ratio of patella tendon
length to patella length equals 0.66, indicative of patella infera. Com-
parison with the contralateral knee as illustrated in Fig. 4 is necessary
to determine if an osteotomy of the tubercle is appropriate and the cor-
rection that would be needed

cedures. Good results can be obtained with any of these
techniques, and selection depends on surgeon preference
[1–4, 16, 19]. To be successful, all intraarticular adhesions
must be resected in a systematic fashion, beginning in the
suprapatella pouch, proceeding to both gutters, and finally
addressing the infrapatella fat pad and the intercondylar
notch. Lateral (and oftentimes medial) retinacular releases
are necessary to regain patellar mobility. The fat pad is typ-
ically scarred, and all scarring should be resected from this
area, only preserving normal-appearing fat, if any remains. If
a malpositioned ACL graft has been the inciting event for the
arthrofibrosis, it should be resected at the same time because
regaining motion will be impossible if the graft remains.
In the authors’ experience, fewer than 50% of those indi-
viduals that require graft excision will develop late insta-
bility. This is in part due to the periarticular scar and in
part due to reduced activity levels in these patients. There is
typically significant patellofemoral arthrosis that has devel-
oped during the patella entrapment, and symptoms from
this arthrosis oftentimes result in reduced activity levels.
We always drain these joints with suction drains positioned
in both gutters to reduce the possibility of a postoperative
hemarthrosis.

Manipulation of the joint at the completion of the arthroly-
sis should be gentle. Reestablishing of the quadriceps gliding
through blunt dissection about the femur as described for the
treatment of type 2 arthrofibrosis is crucial. These surgeries
should all be carried out in the hospital, with inpatient hospi-
talization for several days to manage pain and aggressively
mobilize the joint. CPM, cryotherapy, and regional pain
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Fig. 4 This is a DeLee osteotomy, which can be used to restore the
normal position of the patella in relation to the femoral trochlea. The
patient’s lateral radiographs, obtained at the same degree of flexion, are
used to make the measurements. (A) The noninvolved knee is used to
measure the length of the normal patella tendon (X). (B) The involved
knee is used for the measurement of the shortened tendon (Y). (C) The
overall length of the shortened tendon plus the osteotomy is X + 2 cm.

(D) When the bone is cut, the tibial tubercle is slid proximally the dis-
tance Z = X – Y, and fixed with one or two screws. The defect Z is
grafted, typically with demineralized bone matrix and allograft cancel-
lous chips. (From Richmond JC. Arthofibrosis following knee surgery
(arthroscopic/open). In Malek MM (ed.), Knee Surgery: Complications,
Pitfalls, and Salvage. New York: Springer-Verlag, 2001. Reprinted with
permission.)

management techniques (femoral nerve blocks or indwelling
epidural catheter) are important adjuncts. Twice-daily phys-
ical therapy sessions for patella and joint mobilization as
well as for improvement of the quadriceps muscle strength
are employed while the patient is hospitalized. After dis-
charge, daily physical therapy sessions should be planned
for the ensuing 2–3 weeks. The authors often find that there
is excellent early motion immediately after surgery, which
declines over the ensuing 7–10 days, in the early inflam-
matory phase after surgery. Oral corticosteroids can be an
important adjunct to limit this inflammation. The authors use
a 4-week taper with 40 mg/day for the first week, 30 mg/day
for the second week, 20 mg/day for the third week, and
10 mg/day for the final week. Outpatient physical therapy
should be continued daily until motion begins to increase.
CPM, although helpful in maintaining overall mobility, will
not increase range of motion. Protected weight-bearing is
necessary for a prolonged period of time, particularly if
DeLee osteotomy has been employed. One should not wean
these patients from crutches until there is radiographic evi-

dence of incorporation of the graft that was used to fill the
defect created by the tubercle slide.

Whereas results of treatment of types 1 and 2 arthrofibro-
sis are typically excellent, with restoration of near-normal
range of motion and function, patellar entrapment and infra-
patella contracture syndromes are typically associated with
less satisfactory results. This is due in large part to damage to
the articular surfaces of the patella and femoral trochlea [1–
4, 16, 19]. Functional recovery and return to preinjury ath-
letic or work status usually is determined by whether there
has been significant damage to the patellofemoral cartilagi-
nous surfaces. Whereas significant improvement in range of
motion can be anticipated, function may remain limited. In
those patients who have had an ACL graft removed in order
to regain motion, it is crucial that revision ACL reconstruc-
tion be delayed until normal motion of the joint with good
compliance of soft tissues is reattained. As noted earlier, not
all patients will require revision ACL reconstruction, depend-
ing on their functional status and decreased overall joint
laxity.
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Complications

Hemarthrosis after arthrolysis, although not frequent, can
be a devastating complication because it may lead to recur-
ring limitation of motion. We only use the tourniquet for
patellar entrapment syndromes and avoid its routine use for
the treatment of type 1 and 2 arthrofibrosis. Meticulous
hemostasis and a low threshold to drain the joint through
vacuum drainage systems are key. Development of a syn-
ovial cutaneous fistula through the drainage site is pos-
sible, and avoiding the use of previously scarred portal
sites for the drains is an important pearl. If a fistula does
develop, there must be concern for the development of septic
arthritis.

Vigorous manipulation at the completion of the resec-
tion of scar should be avoided [2, 3]. It is possible to
avulse the patellar tendon from the tibial tubercle, particu-
larly when the patient has been relatively inactive as a result
of ongoing arthrofibrosis. The defect created in the ante-
rior tibia when a DeLee osteotomy is performed can be
problematic. If the patient resumes activity too soon, it is
possible to develop a stress fracture through the remaining
tibia at this site. This can be avoided by prolonged protec-
tion until there is clear radiographic evidence of incorpora-
tion of the graft and then very gradual return to strenuous
activities.

Clinical Pearls and Summary

Early recognition of developing motion problems is impor-
tant to limit the effects of this potentially devastating compli-
cation in patients. Identification of the inflammatory phase
of patellar entrapment/infrapatella contraction syndrome, as
well as its treatment with oral corticosteroids, can be exceed-
ingly beneficial. As long as there is no mechanical block
to motion, surgical intervention for motion limitations after
injury or surgery can be delayed for a period of time to allow
for resolution of any inflammation. Surgical principles for
the treatment of the arthrofibrosis include the following:

1. Complete removal of all intraarticular and extraarticular
scar.

2. Elimination of any mechanical block, such as a malposi-
tioned ACL graft.

3. Restoration of patellar position and mobility.

These goals can be accomplished via open, arthroscopic,
or combined means. It should be at the discretion of the sur-
geon. Any persistent limitation of motion that results from
failure to achieve one of these may result in further cartilage
injury. Postoperative rehabilitation should be tailored to the
specific condition treated, and a skilled physical therapist is
crucial to regain and maintain mobility.

Case Report

Case 1

Chief Complaint and Patient History: A 35-year-old woman was treated elsewhere with an autologous quadrupled
hamstring ACL reconstruction 2 weeks after a ski injury. She is now 9 months after the initial surgery and has been unable
to regain adequate flexion to kneel in her garden, in spite of vigorous physical therapy. She comes seeking a second opinion
as to possible treatment options.

Physical Examination: Physical examination reveals a stable knee. She has full active extension, but lacks 30 degrees
of full flexion, with decreased inferior translation of her patella.

Imaging: She brings an MRI scan obtained within the past few weeks. A representative view of the notch
(Fig. 5A) demonstrates the graft to be well positioned, without impingement. With the diagnosis of type 2 arthrofibro-
sis, outpatient arthroscopy is recommended to address intraarticular scarring, reassuring her that the graft is functioning
well and not limiting motion.

Treatment: Arthroscopy reveals that the suprapatella pouch is markedly limited due to scar (Fig. 5B). Removal of the
scar, with blunt freeing of the quadriceps from the anterior femur, and gentle manipulation restores full flexion (Fig. 5C),
which she is able to maintain through an early, guided physical therapy program.
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Fig. 5 Case 1. (A) MRI scan of a well-positioned ACL graft, without evidence of notch impingement. (B) Arthroscopic view of the suprapatella
pouch, which is markedly reduced in size due to dense adhesions from the quadriceps tendon to the anterior femur. (C) Restoration of the normal
suprapatella pouch, with muscle fibers visible beyond the synovium proximally

Synovial Lesions

Introduction

The synovial membrane represents the innermost lining of
the capsule of the knee joint. It is richly supplied with blood
vessels, lymphatics, and nerves. Histologically, the mem-
brane is a sheet of loose fibrous connective tissue. There are
two types of synovial cells. Type A synovial cells are similar
to macrophages in the rest of the body. Type B is a secretory
cell rich in rough endoplasmic reticulum and is the source of
glycoprotein and hyaluronic acid in the synovial fluid.

In dealing with synovial lesions, it makes most sense to
categorize them as either diffuse (such as rheumatoid arthritis
or other inflammatory synovial conditions) or focal (such as
intraarticular ganglions or lipoma arborescens). Pigmented

villonodular synovitis may be either a focal localized con-
dition or a diffuse synovial process, which may become
locally invasive into the surrounding soft tissue and bone.
The arthroscopic treatment of specific synovial conditions in
the knee depends on the pathology, symptoms, and general
status of the articular cartilage.

Anatomy

The synovium lines the entire joint cavity of the knee, with
the exception of the articular surfaces. There are several rem-
nants of embryologic invaginations into the joint, which are
called plicae. Most frequent among these is the ligamentum
mucosum running from the fat pad to the anterior aspect of
the notch and occasionally invaginating around the ACL. The
medial patella plica (sometimes referred to as the suspensory
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ligament or the fat pad) runs from beneath the medial reti-
naculum down to the fat pad. It is present in upwards of 40%
of knees. It is the one frequent plica of the knee joint that is
believed to potentially become pathologic and cause symp-
toms. Although the synovium is attached throughout the knee
above the articular margins of the femur and below the artic-
ular margins of the tibia, the menisci interrupt its attachment
medially and laterally. In the posterior aspect of the knee,
the synovium invaginates from the posterior capsule around
both cruciate ligaments. This invagination divides the poste-
rior compartment of the knee to form the medial and lateral
recesses. Frequently, there is a communication between the
posteromedial compartment of the knee to the semimembra-
nosus bursa. When this communication leads to filling of the
bursa with synovial fluid and/or tissue, this is referred to as a
Baker’s cyst or popliteal cyst.

Indications and Techniques

Addressing diffuse synovial lesions requires specific pre-
operative planning and intraoperative equipment. For each
diffuse synovial condition, there are specific indications
for surgery and special considerations. Those conditions
for which the role of arthroscopic total synovectomy has
been established to have significant benefit include rheuma-
toid arthritis, seronegative arthritis, pigmented villonodu-
lar synovitis (PVNS), synovial chondromatosis, nonspecific
monoarticular synovitis, hemophilic arthropathy of the knee,
and chronic Lyme arthritis of the knee. Because of the diverse
pathology involved, each of these conditions will have spe-
cific indications for arthroscopic synovectomy.

Rheumatoid Arthritis

Arthroscopic synovectomy is only indicated in patients with
rheumatoid arthritis when they have failed appropriate medi-
cal management of the condition and have reasonable preser-
vation of joint spaces [20, 21]. The optimum medical man-
agement should be determined and overseen by a rheuma-
tologist. It is the authors’ impression, although not substan-
tiated in the literature, that the newer biologic treatments
(genetically engineered proteins derived from human genes,
designed to inhibit specific components to the immune sys-
tem) have significantly reduced the need for arthroscopic
synovectomy in rheumatoid arthritis. It has been established,
however, that arthroscopic synovectomy is effective in atten-
uating the symptoms for those patients in whom biologics
have not been successful [21]. The results of arthroscopic
synovectomy in rheumatoid arthritis have been in the 70%
to 80% success range over midterm (4–5 years) follow-up.

It remains a viable treatment for those cases in which opti-
mum medical management has been unsuccessful to control
local disease of the knee [22, 23]. Because destruction of the
joint surfaces by ongoing rheumatoid arthritis significantly
reduces the efficacy of synovectomy, it should be carried out
early in the course after the failure of medical treatment [20].

Seronegative Arthritis

Seronegative arthritis includes patients with various condi-
tions such as ankylosing spondylitis, psoriatic arthritis, and
Reiter’s disease. As with rheumatoid arthritis, optimal medi-
cal management for at least 6 months that fails to control the
synovitis is an indication for arthroscopic synovectomy. The
results of surgical treatment of the seronegative arthropathies
are not as good as in rheumatoid arthritis, with only 50%
to 60% of patients showing significant benefit [24]. Stiffness
due to the involvement of the enthesis in these conditions
makes early mobilization, including CPM use, an important
part of the rehabilitation program.

Pigmented Villonodular Synovitis

PVNS is a condition that has two forms, one of which
is localized and the other generalized. Although histologi-
cally it may be impossible to differentiate these two, they
behave very differently. The localized form often presents
with mechanical symptoms related to the nodule. The dif-
fuse form is widespread and may invade bone. Symptoms are
of recurrent effusions with synovial thickening [25]. MRI is
key for this diagnosis. Hemosiderin, due to its iron content
and deposition within the proliferative synovium, results in
areas of low signal within the synovium on both T1- and
T2-weighted images, best seen on fast field echo sequence
MRI scans [26, 27]. Synovial biopsy for documentation of
this condition is crucial, because it is frequently resistant to
treatment and adjunctive therapy such as irradiation, which
may be necessary if it recurs. The arthroscopic appearance of
PVNS is distinctive, with thick, hemosiderin-stained fronds
(Fig. 6). Local invasion of the soft tissue mass into the
popliteal space can occur, and this precludes arthroscopic
treatment in the posterior compartment in the knee. In such
cases, open posterior removal of the invading soft tissue mass
may be indicated [28].

Synovial Chondromatosis

As with PVNS, synovial chondromatosis comes in two major
forms: one localized with minimal synovial reaction; the
other a diffuse form with many cartilaginous loose bodies
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Fig. 6 Dense hemosiderin-stained fronded synovium is the typical
arthroscopic appearance of PVNS

and an actively inflamed synovium. Ogilvie-Harris and Salah
demonstrated that synovectomy in conjunction with removal
of all loose bodies is necessary to eradicate this disease [29].
Because the loose bodies may be small and lodged in any
of the interstices about the knee, we recommend careful,
thorough repeat examination of the knee at completion of
the synovectomy to be sure that all loose bodies have been
removed to the maximum extent possible. Recurrence rates
after synovectomy with loose body removal are low, ranging
from 0 to 10%.

Nonspecific Synovitis

Patients who have a mono-arthropathy, for which no specific
diagnosis can be established, are believed to have nonspe-
cific synovitis. Serologic testing for spirochetes is indicated
[30]. Arthroscopy and biopsy may be warranted, as well as
culturing for bacteria, tuberculosis, and fungi. If no specific
diagnosis can be established, then arthroscopic synovectomy
is indicated if there is failure of medical management [24].
Some of these patients will go on, at a later date, to develop
classic inflammatory arthropathy involving multiple joints,
such as rheumatoid arthritis or seronegative arthritis.

Hemophilic Arthropathy

A common complication of hemophilia is recurrent, often
spontaneous, intraarticular hemorrhage into the knee or
other joints. It is believed that the bleeding episodes pro-
duce synovitis through hypertrophy of the synovium caused
by hemosiderin deposition. This results in the release of
catabolic enzymes and degradation of the articular sur-
faces. In recurrent hemarthrosis, the primary indication for

Fig. 7 Articular cartilage full-thickness loss may be a relatively early
consequence of recurrent hemarthroses from hemophilia

arthroscopic synovectomy is failure of medical management
after 6 months of prophylaxis with appropriate clotting fac-
tor replacement. Relatively rapid destruction of the artic-
ular surface may result from the recurrent hemarthroses,
as is seen in Fig. 7, where only 14 months of recurrent
bleeds into the knee resulted in marked damage to the artic-
ular cartilage of the medial femoral condyle of this 26-
year-old man. Advanced arthropathy is a contraindication to
arthroscopic synovectomy, because the persistent pain and
motion loss will continue to limit function. Careful peri-
operative management of factor replacement is key to suc-
cess in the treatment of these patients with synovectomy. It
is typically recommended that patients be maintained above
100% normal factor levels for at least 3 days after surgery
and then gradually tapered to maintenance levels over sev-
eral weeks to months during rehabilitation to regain motion
[31, 32].

Lyme Arthritis

Lyme arthritis is caused by an infection with the spiro-
chete Borrelia burgdorferi, which is transmitted by the deer
tick. Lyme arthritis typically occurs late in the course of
the disease (weeks, months, or years after the initial infec-
tion). Oral antibiotics are usually curative for the arthritis,
but a small percentage of patients with a specific human
leukocyte antigen (HLA) haplotype and related alleles may
develop treatment-resistant arthritis, very similar to rheuma-
toid arthritis. Arthroscopic synovectomy can be considered
for those patients in whom antibiotics have not been curative
of the condition. Unfortunately, fewer than 50% of patients
respond well to this treatment in chronic Lyme arthritis [30].
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Surgical Technique and Planning

Preoperative planning is extremely important in dealing with
diffuse synovial conditions of the knee when synovectomy
is indicated. Because it is often important to be working in
the posterior compartment of the knee, a 70-degree arthro-
scope should be available. High fluid flow is necessary both
to maintain distension and also to limit bleeding. Optimally,
a pump, which has both volume and pressure controls, should
be used. One should begin with as low a pressure setting as
can be used to maintain distension and visualization (typi-
cally 35–40 mm Hg) and only increase the pressure as needed
for visualization. It is essential the pump maintain a clear
field when working in the posterior compartment of the knee,
to reduce the risk for neurovascular injury.

Tourniquet use is almost always indicated when synovec-
tomy is being performed for a diffuse synovial conditions.
Otherwise, bleeding during the course of the procedure will
make it difficult to accomplish the procedure. Although new
radiofrequency electrocautery devices may be effective in
performing a synovectomy, they should be used with caution
when there is significant hypertrophy of the synovium (such
as in rheumatoid arthritis or PVNS), because heating of the
fluid and secondary thermal damage to the joint may occur.
It remains the authors’ preference to use motorized shavers
to perform the bulk of the synovectomy and then complete
the procedure with thermal devices for cauterization of the
bleeding points.

One must be systematic in performing a total (or near-
total) synovectomy of the knee. The authors prefer to inflate
the tourniquet at the beginning of the procedure, start with
routine anterolateral and anteromedial portals for diagnosis,
and synovial biopsy if indicated. Once a thorough diagnostic
exam has been completed, synovectomy is carried out in a
stepwise fashion as indicated in Table 2.

As the authors proceed through each step of the synovec-
tomy, they begin with the motorized shaver, using the largest
full radius resector blade available that can be safely inserted
into the given location, to remove as much synovium as
rapidly as possible. There are time constraints on use of the
tourniquet, and a total synovectomy can be a complicated
and tedious procedure, pushing the time limits for tourniquet
use. One will typically begin with a 5.5 mm resector in the
suprapatella pouch and both gutters and reduce down to a
3.5 mm to work under the menisci and in the posterior com-
partments. The authors routinely cauterize the areas treated
prior to moving their instrumentation to the next position. To
access the posterior compartments in steps 5 and 6, the knee
should be flexed 70–90 degrees. This opens the intercondylar
notch for the instrumentation, and the posterior capsule dis-
tension displaces the neurovascular contents (popliteal artery
and vein, tibial nerve) from the synovialized space. There are

several ways to identify the appropriate start point externally.
The authors’ preference is to use palpation or transillumi-
nation to identify the external start point and then to insert
a spinal needle percutaneously to confirm appropriate posi-
tion and direction of the portal [33, 34]. Incise the skin and
then use blunt dissection with either a straight hemostat or
blunt obturator down to the synovium. It is often easier to
penetrate the synovium with a sharp obturator. Once the syn-
ovium has been entered, use a switching stick technique with
either a small metal or plastic cannula to allow instrumenta-
tion to be placed. The authors prefer small plastic cannulas
with a resealable diaphragm in order to maintain distension
and to switch between various-sized motorized instruments
and radiofrequency electrocautery devices. In establishing
the posteromedial portal, the saphenous nerve and vein are
the neurovascular structures at risk, and these can be safely
avoided by this technique.

Visualizing and instrumenting the posterolateral compart-
ment can be accomplished in a similar fashion to that for the
posteromedial compartment [33, 34]. It is feasible to either
leave the arthroscope in the anterolateral portal and pass it
under the ACL or, as is the authors’ preference, to place the
arthroscope in the anteromedial portal and pass it between
the lateral femoral condyle and the ACL into the postero-
lateral compartment. Again, the knee should be flexed 70–
90 degrees. By palpation, one should stay several centime-
ters anterior to the biceps tendon to establish the entry site,
use transillumination, and then localize with a spinal needle
as described earlier. Again, incising the skin sharply, using
blunt dissection down to the capsule and then a blunt or
sharp obturator to puncture the synovial space, is a safe tech-
nique. When instrumenting the posterolateral compartment,
the popliteal artery and vein, the tibial nerve posteriorly, and
the common peroneal nerve laterally are the structures at risk.

In performing synovectomy in either of the posterior com-
partments, it is crucial that visualization be maintained. An
alternative technique for working from one compartment
to the other posteriorly is to use the transseptal portal as
described by Ahn and Ha [35]. This technique was simplified
by Louisia et al., describing a back-and-forth “modification”
of the original technique [36]. A detailed knowledge of the
anatomy is necessary for this. It is best performed with the
arthroscope in the posteromedial portal using a blunt obtu-
rator from the posterolateral portal to penetrate the poste-
rior septum behind the midportion of the posterior cruciate
ligament (PCL). A small full radius resector can then be used
to clear the synovium from the septum to allow easy back-
and-forth instrumentation of the posterior compartments. It
is key that the synovial resector be aimed anteriorly when
enlarging the opening in the septum so that the popliteal
artery and vein can be avoided (Fig. 8). It is recommended
that one practice this technique in a cadaver lab prior to using
it clinically.
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Table 2 Steps and positioning of the arthroscope and instrumentation for performing an arthroscopic syn-
ovectomy of the knee

Step Arthroscope location Resector location Areas treated

1 Anterolateral Superolateral Suprapatella pouch
Medial gutter
Lateral gutter

2 Anterolateral Anteromedial Medial gutter
Intercondylar notch
Fat pad
Beneath menisci

3 Anteromedial Anterolateral Lateral gutter
Intercondylar notch
Fat pad
Beneath menisci

4 Anteromedial Superomedial Medial gutter
Remaining suprapatella pouch

5 Anterolateral Posteromedial Posteromedial
Pass through the notch

6 Anteromedial/anterolateral Posterolateral Posterolateral
Pass through the notch

Fig. 8 Arthroscopic view from the posteromedial portal through the
defect created in the septum behind the PCL, which is to the right. The
lateral femoral condyle is above and to the right of the shaver

Postoperative Management

The authors find it is advisable to drain the knee after a com-
plete synovectomy. It is the authors’ preference to thread
each arm of a vacuum drain down through the superolateral
and superomedial portals into the lateral and medial gutters,
under direct vision with the arthroscope. The drains are sewn
to the skin with the nylon sutures used to close the portal
sites to prevent their migration out of the joint early on. It has
been our preference to use immediate passive motion while
in the hospital to facilitate regaining motion. The drains are
removed as soon as drainage is below 75 mL per 8-hour
shift. An outpatient physical therapy program, supervised by
a therapist, is necessary after discharge to ensure that the

patient progresses with increasing motion, muscle control,
and return to function.

Localized Pathology of the Synovium

Multiple conditions can cause local synovial pathologies.
The site of the disease often will determine the degree of
symptoms it causes. The most common focal synovial prob-
lem is the medial patellar plica syndrome [37]. Other less
common conditions include focal PVNS, Hoffa’s disease of
the infrapatella fat pad, intraarticular ganglion, and lipoma
arborescens [28, 38, 39]. Multiple other pathologic entities
have been described in the synovium, typically published
as case reports, as in intraarticular hemangioma and non–
Hodgkin’s lymphoma [40, 41]. Any pathologic tissue recog-
nized within the joint at arthroscopy should be biopsied, with
tissue sent for pathologic examination [42].

The popliteal or Baker’s cyst represents a common con-
dition associated with other intraarticular pathology of the
knee. Traditionally, it has been the teaching that correct-
ing the underlying pathology, which leads to the recurrent
intraarticular effusion, will result in resolution of the cyst.
If the cyst does not resolve, then directly addressing the
cyst should be considered if it remains symptomatic [43]. It
should also be addressed if there is a significant intraarticu-
lar synovial process (such as rheumatoid arthritis or PVNS)
that has invaded the cyst as evidenced by imaging. With the
arthroscope in the anterolateral portal, passed through the
notch into the posteromedial compartment, the opening to
the Baker’s cyst/semimembranosus bursa can be identified.
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Through the posteromedial portal a shaver can be brought
to the mouth of the cyst, and the opening can be enlarged.
Using caution, the lining of the cyst can be excised by pass-
ing a small (3.5–4.5 mm) full radius resector from the pos-
teromedial portal into the cyst. Care must be maintained to
keep the tip of the shaver within the cyst to avoid injury to
other popliteal contents.

Symptomatic Plica

The medial patella plica is the only synovial fold located
within the knee, which is widely believed to be associated
with significant symptomatology [37]. This plica is present
in somewhere between 20% and 80% of the population
(depending on regional variations, with the incidence being
higher in Asians and lower in Caucasians). A specific symp-
tom complex should be looked for preoperatively to iden-
tify a symptomatic plica. This includes pain located in the
medial parapatellar area, with snapping or popping when
flexing and extending the knee. With palpation, if the plica
can be rolled between the medial retinaculum and the medial
border of the trochlea to reproduce the patient’s symptoms,
then the presumptive diagnosis of symptomatic medial patel-
lar plica can be made. Conservative treatment is indicated,
including nonsteroidal anti-inflammatory drugs and physi-
cal therapy modalities. Local corticosteroid injection into the
subsynovial tissues (not intraarticularly) in the region of the
plica also can be of diagnostic and therapeutic value. Chronic
thickening of the plica from rubbing against the articular sur-
face of the trochlea over long periods of time can occur and
may erode the articular surface in this locus (Fig. 9). Treat-
ment of a symptomatic medial patella plica, if more conser-
vative modalities are unsuccessful, is arthroscopic resection.
This can be accomplished with the arthroscope in the antero-
lateral portal and the shaver brought in from the anteromedial
portal. Sometimes, due to the angles involved, this is techni-
cally difficult to accomplish and may be facilitated by estab-
lishing a superolateral portal for resection.

Hoffa’s Disease: Fibrosis of the Infrapatella Fad Pad

This is truly a diagnosis of exclusion. The condition results
from inflammatory fibrosis within the fat pad. One must rule
out all other synovial diagnoses before reaching this. An
MRI scan can be very helpful in ruling these out. Hoffa’s
sign (pain produced by pressure on the medial side of the fat
pad as the knee is brought from 90 degrees of flexion to full
extension, entrapping the fat pad under the patellar tendon)
is believed to be diagnostic of the condition. Local excision
of all fibrotic fat should be curative.

Fig. 9 Left knee view of a long-standing symptomatic mediopatellar
plica, which has led to significant erosion of the articular cartilage of
the medial femoral trochlea

Ganglions

Ganglions have been recognized as an intrasynovial pathol-
ogy that can be associated with painful symptoms. They have
been identified in multiple locations about the joint, includ-
ing around the cruciates and in the fat pad. They are readily
diagnosable through use of MRI scan (Fig. 10). Arthroscopic
surgical treatment with excision of the ganglion can be easily
accomplished, leading to excellent relief of the symptomatol-
ogy (Fig. 11) [38].

Localized PVNS

The localized form of PVNS is actually more common in
the knee joint than the diffuse variety. Focal pedunculated
lesions are typically identified in the suprapatella pouch or
the gutters. They often are associated with mechanical symp-
toms because of their pedunculated nature. MRI scans have
the same signature as the more diffuse form. It is not known
whether local PVNS will spread to form the diffuse variety
if not recognized and treated early. The series that has been
reported uniformly in the literature notes no clinical signs
of recurrence in those patients treated with either open or
arthroscopic excision of the localized PVNS [28].

Synovitis and Osteoarthritis of the Knee

Osteoarthritis of the knee is a progressive condition in which
the synovium may become focally inflamed and hyper-
trophic. This contributes to recurrent effusions and pain
of osteoarthritis. The hypertrophic synovium also may be
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Fig. 10 MRI scan demonstrating intraarticular ganglions, just anterior
to the ACL in the fat pad. These often cause localized pain, which can
be relieved by arthroscopic removal

Fig. 11 Arthroscopic view of the ganglion imaged in Fig. 10, prior to
resection

an accelerant to the degradative processes by the catabolic
enzymes produced. When significant synovitis is identified in
the osteoarthritic knee at the time of arthroscopy for mechan-
ical conditions (Fig. 12), then focal synovectomy is indi-
cated [44]. This is best carried out with either radiofrequency
electrocautery or whisker-type motorized shaving blades,
followed by cauterization of the bleeding points (Fig. 12).
Although the arthroscopic treatment of osteoarthritis is pal-
liative, it may significantly improve function for moderate

Fig. 12 Hypertrophic synovium in the suprapatella region in a patient
with moderate degenerative arthritis and recurrent effusions

(2–5 years) periods of time prior to more definitive surgical
procedures.

Various other intrasynovial conditions have been recog-
nized and identified through the years. Arthroscopic treat-
ment of these may be appropriate depending on the findings.
Whereas these lesions are usually benign, it is possible that
a malignant condition can present intraarticularly. This has
been noted in non–Hodgkin’s lymphoma, which was recog-
nized at arthroscopy for presumed meniscus tear. As noted
previously, any pathologic synovial tissue, particularly of an
unusual appearance, should be biopsied for pathologic exam-
ination.

Complications

Because of the extensive nature of total synovectomy when
performed arthroscopically, limitations of motion after this
procedure have been described [20, 21, 24, 25, 28]. The
aggressive approach to physical therapy we have outlined has
been successful in our hands in regaining motion after total
or subtotal synovectomy. When the posterior compartment
is instrumented, neurovascular injury is possible and metic-
ulous technique is necessary to avoid this. Minor complica-
tions around portal sites can occur. Use of radiofrequency
wands to cauterize the synovial surface after synovectomy
is of significant benefit in potentially reducing the risk of
hemarthrosis. Care must be used to maintain high fluid flow
when using radiofrequency wands, such that thermal injury
to the articular cartilage does not occur.
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Clinical Pearls and Summary

For diffuse synovial lesions and inflammatory conditions,
it is key that a thorough diagnostic evaluation and appro-
priate medical management be carried out prior to under-
taking arthroscopic synovectomy of the knee. A systematic
six-step approach (Table 2) using both a motorized shaver
and a radiofrequency wand will facilitate as complete a
resection of the pathologic synovium as is possible while
reducing the risk of postoperative hemarthrosis. For total

synovectomy, suction drainage, short-term hospitalization,
and early passive motion facilitate regaining motion and can
reduce the risk of postoperative stiffness of the knee. Any
unusual-appearing synovial lesion should be removed and
the resected tissue sent for pathologic evaluation. Limited
synovectomy should be considered in those patients with
osteoarthritis undergoing arthroscopic treatment of a symp-
tomatic meniscal tear, when they have demonstrated recur-
rent preoperative effusions and when the arthroscopy reveals
significant inflammatory synovitis.

Case Report

Case 2

Chief Complaint and Patient History: A 43-year-old man presents to your office with a recent ACL tear, confirmed by
MRI, with symptomatic buckling of the knee when cutting or turning. He has had a long history of anterior knee pain that
is slowly worsening. It is medial to the patella and associated with snapping as he ascends or descends stairs.

Physical Exam: His examination reveals a 2+ anterior drawer and Lachman, with a positive pivot-shift. He is tender
over the medial retinaculum, and you can roll a palpable band, which is tender, over the condyle.

Treatment: At the time of ACL reconstruction, a thickened mediopatellar plica is identified, with an erosion of the
cartilage of the medial trochlea (Fig. 13). Resection of the plica is readily accomplished. Although symptomatic plicae are
not uncommon, it is distinctly unusual to identify any articular cartilage injury associated with them. Resection of any plica
that is causing symptoms, while one is arthroscoping the knee for another reason, is appropriate.

Fig. 13 Case 2. Synovectomy of the knee depicted in Fig. 12 was accomplished with a whisker-type shaver blade, and the synovium was then
cauterized using a radiofrequency wand
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Arthroscopic Treatment of Knee Fractures

S.L. Mortimer and Robert Hunter

Introduction

Tibial plateau fractures can be a challenging injury to manage
for orthopaedic surgeons. Management of these fractures
has evolved from immobilization, skeletal traction, open
reduction, and internal fixation to (all) arthroscopic reduc-
tion and internal fixation for some fracture types. Although
not all fractures are amenable to arthroscopic reduction and
fixation techniques, the arthroscope is still an important
instrument for intraarticular diagnostic and treatment pur-
poses. Arthroscopy provides potential advantages over other
methods of treatment, by allowing for complete and accu-
rate diagnosis of intraarticular pathology, earlier and bet-
ter recovery of joint motion, less soft tissue dissection, and
anatomic restoration of the joint surface.

Another proximal intraarticular fracture of importance
is the tibial eminence fracture. This represents an avul-
sion injury of the insertion of the anterior cruciate ligament
(ACL) at the tibia and is considered the equivalent of an
ACL tear [1–2]. Poncet first described the tibial eminence
fracture in 1875, and, since then, the treatment algorithm
has changed significantly from nonoperative management to
what is now considered state-of-the-art arthroscopic manage-
ment [3]. This chapter will discuss in detail a current review
of the anatomy, mechanism of injury, diagnosis, treatment,
rehabilitation, and potential complications that can occur
with tibial plateau and tibial eminence fractures.

Anatomy

The tibia is the primary weight-bearing bone of the knee
joint. The most proximal aspect of the tibia is composed
of the medial and lateral tibial condyles. The articular
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surfaces of the condyles are the medial and lateral tibial
plateaus, which articulate with the corresponding medial
and lateral femoral condyles. The plateaus are separated
by the intercondylar eminence, which serves as the site of
attachment for the anterior and posterior cruciate ligaments
and the fibrocartilaginous menisci [4]. Specifically, the
midpoint of the intercondylar eminence serves as the distal
attachment of the ACL.

The medial tibial plateau is larger and has a concave
shape [5]. The lateral tibial plateau is smaller and elevated
in comparison with the medial side and has a convex shape.
In addition to these anatomic differences, the medial articular
surface and its supporting medial condyle are stronger than
their lateral counterparts. These differences help to explain
why fractures of the lateral tibial plateau are more common
and why they are associated with a lower-energy mechanism
of injury [5].

Mechanism of Injury

Tibial Plateau Fractures

Tibial plateau fractures occur as a result of a valgus or
varus force, an axial compressive force, or a combination of
these forces. Varus forces (medial force moment) are often
referred to as “bumper fractures,” as they are frequently
the result of pedestrian versus motor vehicle injuries. The
femoral condyle applies a compressive and shearing force on
its corresponding tibial plateau, resulting in a split fracture, a
depression fracture, or both [5].

Tibial Eminence Fractures

The mechanism of injury for tibial eminence fractures is sim-
ilar to that for an ACL tear; however, it involves an avulsion
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fracture at the ACL insertion. The injury may be associated
with valgus and external rotation. It is often seen in skiers
and is related to either a boot-induced injury after the skier
lands on the tail of the ski or to the phenomenon referred to as
a “phantom foot” injury, which involves forced internal rota-
tion with knee flexion. Although seen frequently in skiers, it
is also seen in other sports, bicycle accidents, motor vehicle
accidents, and pedestrian versus motor vehicle injuries.

Tibial eminence fractures are seen in children usually
between the ages of 8 and 15 years [3, 6, 7]. Although this
fracture pattern is commonly associated with a childhood
injury, it is also seen in adults [2, 8, 9]. It is theorized that
this occurs more commonly in children because of the rel-
ative weakness of the incompletely ossified tibial eminence
compared with the fibers of the ACL. It also has been pro-
posed that the injury occurs secondary to greater elasticity of
the ligaments in young people [10].

Indications

Tibial Plateau Fractures

A patient with a tibial plateau fracture generally presents
with acute knee pain, inability to weight-bear, a tense knee
effusion, joint-line tenderness, and a history of a traumatic
event. Although patients usually are not able to accurately
describe the precise mechanism of injury, a good history does

provide insight to the degree of force, which helps to iden-
tify a high-energy versus low-energy mechanism of injury.
This is a crucial aspect of the initial evaluation because high-
energy injuries are associated with other injuries and may
require more urgent treatment.

A complete evaluation of the extremity should be per-
formed beginning with inspection of the skin and grading of
the soft tissue damage. Palpation of the joint line and ori-
gins and insertions of the collateral ligaments should be per-
formed. Range of motion, both active and passive, will be
limited as a result of pain and swelling. Although pain and
voluntary and involuntary muscle guarding may cause dif-
ficulty in examination of ligamentous stability, an effort to
examine the stability of the collateral ligaments and cruciate
ligaments is warranted. Popliteal, dorsalis pedis, and poste-
rior tibial pulses must be palpated and, if absent, Doppler
examination performed. Any suspicion of an associated knee
dislocation and vessel injury necessitates angiogram and vas-
cular surgery consultation. Doppler ultrasound should never
be used as an alternative to angiography, as it does not reli-
ably predict intimal arterial injury [11]. Assessment of neuro-
logic status should also be performed with specific evaluation
of the peroneal and tibial nerve function.

The most commonly used and accepted classification sys-
tem is that described by Schatzker. This classification scheme
divides tibial plateau fractures into six types based on frac-
ture pattern and fragment anatomy (Fig. 1). Injury patterns,
severity of injury, and prognosis are defined by these six
categories, which reflect increased energy expenditure and
a worse prognosis as the number increases [5].

Fig. 1 The Schatzker classification of tibial plateau fractures. (From
Lubowitz JH, Elson WS, Guttmann D. Part I: arthroscopic management
of tibial plateau fractures. Arthroscopy 2004;20:1063–1070. Copyright

© 2004 Arthroscopy Association of North American. Reprinted with
permission of Elsevier.)
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Type I is a split fracture of the lateral tibial plateau,
which occurs secondary to a valgus and axial force. There
is no compression (depression) of the fragment(s), and this is
usually seen in young adults in whom the cancellous bone is
strong. If the fragment is displaced, it is commonly associ-
ated with a meniscal injury, which can be entrapped in the
split blocking reduction.

Type II is a split fracture associated with compression
(depression) of the lateral tibial plateau. This fracture pat-
tern has a similar mechanism of injury to a type I injury, a
lateral bending force with axial loading, but generally is seen
in patients with bone unable to resist compression secondary
to osteoporosis or increased forces.

Type III is a pure compression fracture of the lateral tib-
ial plateau. The mechanism of injury is usually an axial
force resulting in a central or lateral depression; however, the
depression may involve any portion of the plateau. Although
not associated with a split, there is frequently a plastic defor-
mation of the plateau, resulting in widening of the tibia.

Type IV is a fracture involving the medial tibial plateau.
This fracture pattern may be a result of a varus or axial com-
pression force and thus may be a split or a split combined
with a depression. In comparison with the lateral plateau, the
medial plateau is stronger and tends to resist fracture forma-
tion. Therefore, these injuries are associated with a higher
mechanism of injury and greater force.

Medial tibial plateau fractures also are frequently associ-
ated with an avulsion of the intercondylar eminence, which
may indicate rupture of the cruciate ligaments. The varus
force also commonly results in rupture of the lateral collat-
eral ligamentous complex. With increasing energy, sublux-
ation or dislocation of the knee may be associated with an
injury to the popliteal artery or peroneal nerve. Therefore,
caution and careful examination of the patient must be used
when a type IV injury presents, as it may represent a dislo-
cation of the knee that spontaneously reduced prior to radio-
graphic examination.

Type V fractures involve split elements of both the
medial and lateral femoral condyles and may involve varying
degrees of depression on either the medial or lateral articu-
lar surface. The mechanism of injury usually involves a pure
axial load applied to an extended knee.

Type VI is a fracture defined as a bicondylar fracture com-
bined with a metaphyseal fracture that separates the condylar
components from the diaphysis. This fracture pattern is asso-
ciated with a high-energy mechanism of injury resulting in
depression and impaction of fracture fragments and severe
soft tissue injury with potential neurovascular compromise
and compartment syndrome.

Associated injuries in tibial plateau fractures are com-
mon and include injuries to the menisci, collateral and cruci-
ate ligaments, arteries, and nerves. Meniscal injuries may be
seen as peripheral, flap, or radial tears, and cruciate ligament

injuries may occur as avulsion, attenuation, or midsubstance
injuries [11]. It has been suggested that up to 47% of knees
with closed tibial plateau fractures have associated injuries of
the menisci that require surgical intervention [12]. Fracture
pattern does not correlate with meniscal injury, which makes
diagnosis difficult without the aid of arthroscopy or magnetic
resonance imaging (MRI) [13]. Recognizing the association
of other injuries with tibial plateau fractures is important, as
these injuries usually require operative intervention.

Imaging studies are crucial for classifying the type of
injury and for preoperative planning. Radiographs must
include anteroposterior, lateral, and oblique views. The
fracture pattern, degree of comminution, and articular
depression are often underappreciated with plain films [5].
In addition to these shortcomings, the true incidence of con-
comitant soft tissue injury has only recently begun to be
understood, emphasizing the need for additional imaging
modalities to better classify the extent of bony injury as well
as soft tissue pathology.

MRI has become the imaging modality of choice because
of the ability to evaluate the soft tissues and osseous
structures. It has been shown to be highly sensitive at eval-
uating soft tissue injuries, and it also is accurate in depict-
ing fracture comminution, depression, and displacement in
patients with tibial plateau fractures [14–17]. A recent large
series of operative tibial plateau fractures, using MRI as the
imaging modality, found that 99% of patients had additional
soft tissue injury [15]. Although there is debate regarding
the treatment of these concomitant injuries, this study also
found that MRI changed the treatment plan in 23% of 52
patients studied with tibial plateau fractures compared with
the operative plan based on conventional radiographs and
computed tomography (CT) imaging [15]. The ability to use
MRI to reliably predict soft tissue and bony injury has made
it the examination of choice for evaluation of tibial plateau
fractures.

Although MRI provides optimal visualization of osseous
and soft tissue structures, CT imaging can be helpful in a
complete understanding of the osseous components. Axial
combined with coronal plane reconstructions provide pre-
cise interpretation of articular as well as extraarticular com-
ponents of the fracture pattern [11]. Despite the excellent
osseous interpretation, CT has limited ability to adequately
visualize soft tissue structures, which can lead to incomplete
diagnosis and inadequate management of soft tissue injuries
[4, 18].

In summary, MRI is an excellent preoperative planning
tool and is the imaging modality of choice for soft tissue and
bony injury involving the tibial plateau. CT imaging provides
excellent imaging for bony injury and has some application
in the visualization of soft tissue injuries as well. It cannot be
used to predict meniscal pathology, and this must be realized
during preoperative planning.
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Tibial Eminence Fractures

Similar to patients with other fractures involving the knee
joint, patients presenting with fractures of the tibial eminence
present with a painful swollen knee and have difficulty bear-
ing weight. Initial examination is often difficult secondary to
pain and may limit evaluation of the ligaments. A complete
neurologic and vascular examination must be performed.

Plain radiographs are usually diagnostic and involve
anteroposterior, lateral, and oblique views. CT scanning may
be used to better define bony architecture, and MRI is use-
ful for determining additional injuries to chondral surfaces,
menisci, and ligaments. Arteriography and vascular surgery
consultation must be considered in the presence of dimin-
ished pulses or abnormal vascular examination.

Fig. 2 The Meyers and McKeever classification of tibial intercondy-
lar eminence fractures. (From Lubowitz JH, Elson WS, Guttman D.
Part II: arthroscopic treatment of tibial plateau fractures: intercondylar
eminence avulsion fractures. Arthroscopy 2005;21:86–92. Copyright ©
2005 Arthroscopy Association of North America. Reprinted with per-
mission of Elsevier.)

Meyers and McKeever first described the classification
scheme for tibial eminence fractures in 1959 [2]. Their clas-
sification divides these fractures into three types based on
displacement of the avulsed fracture fragment (Fig. 2). Type
I represents a nondisplaced or minimally displaced fracture
at the anterior margin. Type II fractures involve the anterior
third or half of the avulsed bone displaced proximally with an
intact posterior hinge, resembling a bird’s beak. Type III frac-
tures have a completely displaced fracture. These have been
further subdivided into IIIA and IIIB fracture classifications
[19]. Type IIIA fractures involve the ACL insertion only,
whereas the IIIB includes the entire intercondylar eminence.
Some have labeled comminuted fractures as type IV [19].

Associated injuries with fractures of the tibial intercondy-
lar eminence are common. Meniscus injuries are the most
common injuries seen; however, these fractures may be asso-
ciated with chondral and ligamentous injuries as well [20,
21]. In addition to intraarticular pathology, tibial eminence
fractures also are seen with tibial plateau fractures, specifi-
cally type V and VI fractures [5].

Treatment

Tibial Plateau Fractures

The goal for treatment of tibial plateau fractures is restoration
of joint function and prevention of posttraumatic osteoarthri-
tis. This is accomplished by reestablishing alignment, joint
surface congruity, stability, and mobility. Management is dic-
tated by the condition of the soft tissue envelope, amount of
articular depression, comminution, and degree of diaphyseal-
metaphyseal comminution.

Careful assessment of the soft tissues is crucial when first
examining the patient. The compartments must be evaluated
for compartment syndrome, and any neurovascular deficit
must be identified immediately. Recognizing the presence of
an open or closed fracture also is important when trying to
determine a treatment plan.

Although anatomic reduction of the articular surface is
thought to prevent posttraumatic arthritis, there has not
been a general consensus regarding the maximal acceptable
depression. Brown et al., using a cadaveric model, found sig-
nificant departures from anatomic pressure occurring with
fragment step-off of more than 1.5 mm [22]. Bai et al., using
cadavers and a dynamic pressure sensor, found increased
average and maximum contact pressures and decreased con-
tact areas with progressively greater step-off heights. Their
maximum step-off of 6 mm increased contact pressures
154% with an intact meniscus and 254% with a meniscec-
tomy specimen. The contact areas were decreased by 26%
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with the intact specimen and 39% with the meniscectomy
specimen [23]. An increase in local pressures secondary
to articular depression is thought to result in proteoglycan
depletion, fibrillation, and late osteoarthritic changes [22].
Excessive joint contact pressures have been shown to result
in a high incidence of joint degeneration [24]. In addi-
tion to the laboratory measurements, clinical evidence also
has revealed that excessive pressures on the cartilage have
a direct relationship to degenerative changes in the knee,
and any articular depression or axis deviation bears the
risk of posttraumatic arthrosis [25]. Therefore, fractures that
demonstrate articular displacement, instability, and deviation
in the mechanical axis may result in posttraumatic arthrosis
and should be evaluated for surgical management.

If nonoperative management is pursued, close follow-up
of the patient is required with radiographs every 2 weeks
for the first 4–6 weeks to monitor depression, displace-
ment, and axis deviation [11]. Early range of motion is insti-
tuted, and a hinged knee brace is used to control motion
[26–28]. Weight-bearing is prohibited, and non–weight-
bearing status is continued until fracture consolidation is
present. After 6–8 weeks, the patient is generally moved to
a partial weight-bearing status, and by 12 weeks full weight-
bearing is allowed if the fracture is healed.

Although open reduction and internal fixation has been
the mainstay for treatment of displaced or compressed frac-
tures, arthroscopic reduction and internal fixation is a viable
and attractive alternative as it may reduce morbidity associ-
ated with surgical management [29, 30]. Arthroscopic man-
agement of these fractures allows for a minimally invasive
technique and a direct and accurate fracture reduction that
does not require an extensive exposure [31, 32]. The advent
of arthroscopy has provided a bridge to the gap that exists
between the extremes of open versus nonoperative manage-
ment of tibial plateau fractures [11].

There are other advantages of arthroscopy, which make
this technique attractive for certain fracture patterns. It allows
for a thorough lavage of the joint and evacuation of the
hemarthrosis and fracture debris [33]. The fracture and entire
joint surface can be visualized, and the remainder of the
intraarticular structures also can be directly visualized and
treated. It has been shown that arthroscopic management of
meniscal and ligamentous injuries is superior to reconstruc-
tion or repair using open procedures [31, 33]. The avoidance
of an arthrotomy and meniscal detachment requiring open
repair is another advantage with the arthroscopic technique.
The less invasive nature of arthroscopic management of tib-
ial plateau fractures may allow for a more rapid recovery,
less pain, improved fracture and soft tissue healing, early full
range of motion, and a more functional recovery [13, 31, 32].

There are also disadvantages with arthroscopic treatment
of tibial plateau fractures. The technique required is techni-
cally demanding and may be difficult if not employed by a

surgeon who routinely uses arthroscopy. Bleeding can be a
challenge, but use of a fluid pump assists in controlling this
problem. Caution should be used, and the pump should be
kept on a low-pressure setting to avoid extravasation of fluid.
Development of compartment syndrome is possible, and the
compartments should be carefully monitored for tightness
and extravasation of fluid.

Tibial plateau fractures with split, split depression, or
pure depression (types I–IV) are the fracture patterns most
amenable to arthroscopic reduction and internal fixation.
This is generally combined with percutaneous screws, but-
tress screws, and/or percutaneous versus open plating. More
complex injury patterns associated with higher energy (types
V and VI) may not be amenable to complete arthroscopic
management; however, arthroscopy still may be used as an
aid in diagnosis and an adjunct for treatment of associated
intraarticular pathology [31].

Tibial Eminence Fractures

The goal for management of tibial eminence fractures should
be no different than for any other intraarticular fracture.
Anatomic reduction and rigid fixation that allows for early
range of motion should be the treatment for these fractures.
Debate has ensued over anatomic reduction versus overre-
duction. It has been proposed that overreduction may result
in excessive tension of the ACL, which results in limited knee
range of motion [34]. Others have countered this by stating
that plastic deformation of the ACL occurs prior to the avul-
sion fracture and thus overreduction would result in a better
outcome [10]. Numerous studies have documented residual
laxity in well-reduced tibial eminence fractures, and most
conclude that the laxity is not symptomatic [35–37]. More
studies are needed to answer the question of anatomic versus
overreduction; however, there is consensus that any displace-
ment requires at least an anatomic reduction.

Management has been based on the Meyers and McKeever
classification with recommendations for immobilization in
extension for type I fractures [2]. Some controversy exists
as to what degree the knee is to be extended for nonopera-
tive management. Meyers and McKeever recommend immo-
bilization in 20 degrees of flexion [2, 9]. Similarly, Beaty
and Kumar recommend immobilization in 10–15 degrees of
flexion [38]. Fyfe and Jackson based their recommendations
of flexing the knee to 30–40 degrees because the ACL is
taut in extension and with some flexion the tension on the
avulsion fragment would be less [39]. These authors favor
immobilization in full extension to avoid a flexion contrac-
ture, which can occur if the knee is kept in a flexed position.
We encourage straight leg raises and quadriceps isometrics
and allow full weight-bearing as tolerated in a brace locked
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in full extension. The knee should not be immobilized in
hyperextension, as extensive stretch on the popliteal artery
may result in a compartment syndrome [5]. Regardless of the
position of immobilization, close follow-up with radiographs
weekly for 4 weeks should be taken to confirm maintenance
of reduction.

Treatment of type II fractures has been controversial.
Closed reduction may be attempted by aspiration of the
hemarthrosis and knee extension performed to allow the
femoral condyles to help reduce the fracture [11]. Antero-
posterior and lateral radiographs should be taken to ver-
ify reduction, and, with difficult visualization, CT or MRI
should be performed. Oftentimes, anatomic reduction is not
achieved secondary to interposition of the medial meniscus,
lateral meniscus, or the intermeniscal ligament. Persistent
displacement, despite attempted reduction maneuvers, war-
rants arthroscopic evaluation and treatment. Many reports
identify associated soft tissue injuries, including chondral,
meniscal, and ligamentous structures. The need for anatomic
reduction of these fractures to allow for postoperative stabil-
ity and motion combined with the need to identify and treat
these associated injuries make arthroscopic evaluation nec-
essary for successful treatment of type II and III fractures
[36, 40–43]. These authors also believed that most, if not
all, type II fractures were likely a type III level of displace-
ment at the time of disruption. Based on that, the authors
take an aggressive operative approach to the majority of type
II injuries.

Closed reduction may be attempted for type III injuries;
however, anatomic reduction and maintenance of reduction
is difficult. Most experts agree that type III fractures require
reduction and fixation [5, 44, 45]. Arthroscopic reduction and
fixation of these injuries have become the standard of care
and have made open reduction and internal fixation a treat-
ment infrequently necessary or used.

Techniques involving use of cannulated screws or suture
have been described, and the results with either method have
been excellent. Risks of cannulated screw placement involve
comminuting the fracture fragment, hardware removal, and
posterior neurovascular injury. Repair using nonabsorbable
suture fixation provides the benefit of eliminating these risks
and still maintaining an excellent reduction and result.

Technique

Tibial Plateau Fractures

General anesthesia is used in most cases. Examination under
anesthesia is routine to help identify ligamentous injuries.
The leg is secured in an arthroscopic leg holder, and the end

Fig. 3 A meniscal hook may be used through the accessory lateral
portal to retract the meniscus for better visualization

of the bed is flexed. The contralateral leg is supported with a
foam pad and abducted to the side to allow fluoroscopy in the
anteroposterior and lateral projections. A tourniquet is placed
around the leg, but it is not routinely used. Standard antero-
lateral and anteromedial portals are used. The anteromedial
portal is often used to view lateral fractures. An accessory
lateral portal made at the level of the joint line and lateral to
the standard anterolateral portal is often made to assist with
meniscal retraction with a meniscal hook and to provide bet-
ter visualization of anterior plateau fractures (Fig. 3).

The knee must first be thoroughly lavaged and the
hemarthrosis and loose bodies evacuated. Careful attention
must be directed to fluid extravasation, and compartments
should be routinely palpated to assess pressure. In cases of
suspected increased compartment pressure, pressure mea-
surements are recommended and fasciotomy is required
should compartment syndrome occur. This is particularly
important in split fractures where fluid extravasation may
occur through the fracture line. Once the hemarthrosis is
evacuated, debridement of the ligamentum mucosum, the
intermeniscal ligament, and fat pad is performed as needed
to fully visualize the entire fracture.

See Fig. 4 for the specific instruments needed to aid in
reduction and fixation of tibial plateau fractures.

Split fractures with no depression (type I fractures) are
reduced first with a reduction forceps. If the apex of the
split is displaced, a small incision can be made to allow for
anatomic reduction of the distal fracture spike while the for-
ceps are used to close the fracture at the level of the joint.
Arthroscopy is used to verify reduction and for visualization
of the joint and other associated pathology. Fluoroscopy is
used to aid in reduction as well as to verify adequate place-
ment of wires for provisional reduction. Two percutaneous
cannulated screws, used with washers, may be placed over
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Fig. 4 Specific instruments are needed to aid in reduction and fixation
of tibial plateau fractures

the wires. If residual fragment instability is suspected, a but-
tress screw may be placed at the inferior apex of the split. In
cases with comminution, fragment instability or poor bone
quality requires a buttress plate with or without additional
compression screws, which may be placed percutaneously or
with a standard extraarticular incision.

Type II, III, and IV fractures require reduction of all
depressed elements first. Under arthroscopic guidance, a
modified ACL guide is used to place a 2.4-mm drill-tipped
guide pin in the center of the depressed fragment starting
on the anterolateral or anteromedial tibial cortex. With the
guide pin properly placed, an incision is made at the pin
entrance and enlarged enough to allow for a cannulated
9.0-mm drill to pass (Fig. 5). The 9.0-mm drill is used to

Fig. 5 A 9.0-mm drill bit is used to penetrate the cortex at the base (cir-
cled) of the split depression and is used to cut a hole without violating
the joint surface

Fig. 6 A cannulated tamp is used to elevate the fracture site

penetrate the cortex, taking care to just cut a cortical hole
without violating the joint surface. A cannulated tamp is used
to elevate the fracture site under arthroscopic visualization
(Fig. 6). It is imperative that this is performed gently and
with a slight overcorrection. Adequate reduction is verified
by probing the fracture and the metaphyseal defect created
by the elevation, and reduction of the fracture fragment is
grafted (Figs. 7 and 8). Graft options include autograft from
the comminuted metaphysis, allograft freeze-dried croutons,
demineralized bone matrix, calcium triphosphate, and other
bone substitutes. The graft material is packed gently and
is used to fill the defect. Fixation is then performed under
arthroscopic and fluoroscopic guidance. In type III fracture
patterns, cannulated screws with washers are placed directly
under the subchondral plate to act as a buttress for the ele-
vated fragments (Figs. 9 and 10). For types I, II, and IV

Fig. 7 The fracture is visualized with the arthroscope with significant
displacement and depression being appreciated
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Fig. 8 The fracture is reduced with anatomic realignment of the artic-
ular surface being visualized

Fig. 9 Anteroposterior radiograph revealing subchondral placement of
cannulated screws and bone graft placement

Fig. 10 Lateral radiograph revealing subchondral placement of can-
nulated screws and bone graft placement

fracture patterns, similar cannulated screw techniques will
buttress the compression, but a buttress screw placed at the
inferior apex or a buttress plate may be needed for additional
stability to prevent subsidence or distal migration of the frac-
ture fragment. In types II and III fractures that demonstrate
plateau widening, the first cannulated screw can be used to
close this widening by allowing the screw head and washer
to compress the lateral cortex as the screw threads engage the
medial cortex. This will result in a screw that is too long and
prominent medially. To avoid postoperative pain, the screw
should be replaced with a shorter screw that just engages the
medial side of the bone.
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Tibial Eminence Fractures

General anesthesia or epidural anesthesia may be used. The
leg is secured in an arthroscopic leg holder, and the foot of
the bed is flexed. The contralateral leg is supported with a
foam pad and abducted to the side to allow fluoroscopy of
the involve extremity in both anteroposterior and lateral pro-
jections. A tourniquet is placed around the thigh, but it is
not routinely used. After prepping and draping, an anterolat-
eral portal is established. A fluid pump is used to promote
hemostasis and adequate visualization. The hematoma is
evacuated until good visualization is possible. Once pathol-
ogy can be visualized, an anteromedial portal is established
after localization with a spinal needle. An arthroscopic probe
is then used to dislodge any clotted blood or debris at the site
of fracture (Fig. 11).

A synovial resector (4.5 mm) is used to further debride
the region and to remove any debris from the fracture bed.
Once the fracture site has been debrided, the probe is used to
attempt a reduction. Interposition of the intermeniscal liga-
ment or the menisci requires use of the probe to hold the soft
tissue structures out of the way while attempting to reduce
the fragment with an ACL guide or probe. In cases in which
the intermeniscal ligament prevents reduction and also can-
not be mobilized, resection is performed. Once the fracture
has been reduced, a 0.062-inch Steinmann pin is placed per-
cutaneously from a medial parapatellar position to hold the
fracture reduced (Fig. 12).

If there is a large fragment and the piece is large enough to
consider placing a cannulated screw, fixation is achieved by

Fig. 11 A probe is used to hold the fracture site open to debride clot,
intermeniscal ligament, or other debris

Fig. 12 A probe and Steinmann pin are used to reduce the fracture
anatomically

using one or two 4.0-mm cannulated screws (Synthes USA,
Paoli, PA). If the Steinmann pin that is holding the reduction
is in good position, it may be used as the guide pin for the
cannulated screw. If not, a second wire may be placed under
fluoroscopic control. The goal is to have the pin(s) just pen-
etrate the posterior cortex of the tibia. Frequent use of fluo-
roscopy is recommended to ensure accurate placement of the
wire and screw and also to make sure the wire is not being
advanced as the screw is placed.

Suture fixation should be used when the fracture is small,
comminuted, or in the presence of open growth plates. Some
have advocated using the suture methods for all cases as
less risk (neurovascular bundle) and less secondary proce-
dures (hardware removal) are seen [44, 45]. After the frac-
ture is reduced and held in position with the Steinmann pin,
the ACL tibial tunnel guide is used to pass a 2.4-mm wire
through the anteromedial tibial metaphysis and through the

Fig. 13 The Acufex ACL tibial tunnel guide is used to pass a 2.4-mm
wire on the medial side of the fragment. (Courtesy of Smith & Nephew
Endoscopy, Andover, MA.)
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Fig. 14 A second wire is passed on the lateral side of the ACL

Fig. 15 The medial 2.4-mm wire is withdrawn, and a suture passer is
placed in the hole and two Ultrabraid sutures are passed. (Courtesy of
Smith & Nephew Endoscopy, Andover, MA.)

medial side of the fragment (Fig. 13). A second wire is
passed starting 1–2 cm lateral to the first hole on the tibial
cortex, entering the knee at the lateral side of the fragments
(Fig. 14). The first wire is removed, and, immediately after
removal, a suture passer is passed up the hole and two Ultra-
braid sutures (Smith & Nephew Endoscopy, Andover, MA)
are delivered into its loop through the anteromedial portal
and pulled out the anteromedial tibia (Fig. 15). The second
wire is taken out, and the suture passer is immediately placed
into the joint (Fig. 16). The opposite end of the Ultrabraid
suture(s) are delivered into its loop and pulled out the tibia
(Fig. 17). A crochet hook or a blunt probe is passed into the
subcutaneous tissue through one of the suture holes, hooking
the opposite sutures, and pulling them out the same hole. A
knot is tied and passed through the skin puncture hole and
subcutaneous tissue and is secured tightly to the tibial cor-
tex. Each suture is tied and secured individually (Fig. 18).
This provides firm fixation of the fracture fragment and can
be directly visualized.

Fig. 16 The lateral 2.4-mm wire is removed, and the suture passer is
passed, and the other ends of the Ultrabraid are brought out of the tibial
cortex. (Courtesy of Smith & Nephew Endoscopy, Andover, MA.)

Fig. 17 The Ultrabraid suture has been passed through both tibial
holes and now holds the ACL and its fracture fragment reduced. (Cour-
tesy of Smith & Nephew Endoscopy, Andover, MA.)

Fig. 18 The sutures are tied through one of the wire holes leaving no
incision along the tibia
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Rehabilitation

Tibial Plateau Fractures

Postoperative management initially focuses on return of
range of motion. Continuous passive motion may be used
postoperatively if the soft tissue envelope is not severely
compromised. This may need to be delayed for a few days
to allow wound healing to occur and swelling to subside.
The continuous passive motion device may be discontinued
after a week as a patient’s swelling and pain is improved,
and he or she may continue with active or gentle active
assist motion. Early range of motion is encouraged with a
goal of 0–90 degrees to be achieved by the first week. Full
range of motion should be obtained by postoperative week 6.
Active and active-assist range of motion may begin once
wound healing has occurred. Use of a hinged knee brace
is used for 6 weeks in cases of associated collateral liga-
ment injury or in environments where an unexpected fall
might occur.

Physical therapy should be initiated immediately for
crutch weaning, gait training, range of motion, and mainte-
nance of muscle strength. Strict non-weight-bearing (NWB)
is maintained for the initial 6–8 weeks. Time for NWB is
dependent on the fracture pattern and the patient’s bone qual-
ity and needs to be maintained to prevent subsidence of the
articular surface [46]. Once the 6- to 8-week mark is reached
and there is radiographic evidence of articular consolidation,
partial weight-bearing with 50% body weight may be ini-
tiated. For most fracture patterns, patients may begin full
weight-bearing by 12–14 weeks. Throughout the postop-
erative course, quadriceps and hamstring strengthening is
emphasized and advanced based on activity demands [5]. It
has been shown that residual quadriceps strength loss directly
correlates with decreased functional results; thus, postopera-
tive protocols should be directed at the quadriceps mecha-
nism [47].

Tibial Eminence Fractures

Patients are placed in a hinged knee brace locked in 0 degrees
of flexion for the first 4 weeks and allowed to perform passive
or active-assist range of motion exercises in the prone posi-
tion through an arc of 0–90 degrees. Patients may weight-
bear as tolerated, with the brace locked at 0 degrees. Crutches
are generally discontinued by postoperative day 10. At 4
weeks, the brace is removed, and closed-chain quadriceps
exercises are begun. At 8 weeks, easy straight-ahead run-
ning is initiated and pivot-twist maneuvers are avoided until
at least 12 weeks after surgery.

Complications

Tibial Plateau Fractures

The results of treatment of tibial plateau fractures have
improved as concepts of preoperative planning have evolved,
less invasive surgical techniques have been adopted, and
methods of exposure and implant placement have become
less traumatic. Despite these improvements, the ability to
recognize potential and existing complications is important
and must be realized.

With arthroscopic-assisted fracture fixation, it is possible
to have an iatrogenic compartment syndrome develop due to
fluid extravasation. Continuous monitoring of compartment
tightness must be routine. Measurement of pressures must be
done if suspicion of compartment syndrome is present and
fasciotomy performed if pressures are elevated. This may be
avoided by keeping inflow pressure low and by performing
the reduction maneuver in a dry field. It also has been sug-
gested that an incision may be made, before arthroscopy is
begun, where placement of the fixation device is planned so
the fluid will leak out through the wound instead of into the
compartment [34].

Incisions made before soft tissue swelling has dimin-
ished may result in postoperative wound slough and infec-
tion. The risk of wound complications can be significantly
reduced with careful examination of the soft tissues, delay-
ing surgery as needed, and careful preoperative planning.
Employing techniques that limit large skin flaps, mini-
mize soft tissue stripping, and use indirect reduction meth-
ods help to decrease surgical trauma to the soft tissue
envelope [5].

Nonunion can occur and is more common in higher-
energy fractures that involve the metaphysis and diaphysis
[48]. This complication is extremely rare in cases treated
with an arthroscopic approach. Once identified, the nonunion
site should be bone grafted, and fixation may need to be
revised. Recognition of a loss of articular surface reduc-
tion necessitates immediate revision because delayed revi-
sion is difficult and may not result in a good outcome.
Total knee arthroplasty is a reasonable salvage procedure in
elderly patients with loss of articular reduction. Mechani-
cal axis deviation may occur and, when identified, may be
addressed by an osteotomy to restore the normal mechanical
axis [5].

Arthrofibrosis may occur if early range of motion is not
instituted postoperatively. Use of a continuous passive range
of motion device may aid in preventing loss of motion. If
patients have not reached 90 degrees of flexion within the
first 4–6 weeks postoperatively, manipulation under anesthe-
sia combined with arthroscopic lavage and lysis of adhesions
should be performed.
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Deep venous thrombosis and pulmonary embolism may
occur with fractures occurring around the knee. Preoperative,
perioperative, and postoperative use of mechanical prophy-
laxis should be routine. Postoperative chemical prophylaxis
should also be used. Although swelling is expected, con-
cern for deep venous thrombosis warrants surveillance with
duplex ultrasound or other venous studying methods.

Tibial Eminence Fractures

Although a good outcome is usually expected for fractures
of the tibial eminence, complications do occur. Residual lax-
ity after fixation is commonly found after arthroscopic reduc-
tion and fixation. Although multiple studies have reported
results verifying positive Lachman tests and a difference in
laxity from the contralateral uninjured extremity, the major-
ity of patients have functional stability and are not adversely
affected [8, 35–37, 49]. Evidence of clinical instability war-
rants revision with ACL reconstruction.

Arthrofibrosis is a potential complication, but it is rare
if the patient undergoes arthroscopic reduction with fixa-
tion, because the goal of the operation is to promote early
range of motion. Development of arthrofibrosis warrants
aggressive therapy and possible manipulation under anesthe-
sia with arthroscopic lavage and debridement of adhesions.
Loss of full extension can be avoided by immobilization
in full extension and attention to quadriceps and hamstring
strengthening.

Painful or symptomatic hardware is common with use of
cannulated screws. Loss of full knee extension can occur sec-
ondary to scar tissue or a prominent screw in the intercondy-

lar notch. It has been demonstrated that at the time of hard-
ware removal, soft tissue interposition is the rule and that
excision combined with implant removal results in excellent
outcomes [50].

Clinical Pearls and Summary

Tibial Plateau Fractures

Arthroscopy has many applications in the treatment of tibial
plateau fractures. It serves as the best method of identifying
and treating intraarticular pathology. In addition, arthro-
scopic reduction and internal fixation of certain types of tib-
ial plateau fractures allows for anatomic reduction of the joint
surface and rigid fixation with less morbidity and better visu-
alization. Arthroscopic reduction and internal fixation may
be used for types I–IV tibial plateau fractures and, given the
right clinical scenario, may be superior to open reduction and
internal fixation.

Tibial Eminence Fractures

Arthroscopy is a safe and preferable alternative to closed
management of types II and III tibial eminence fractures.
Arthroscopic exam, reduction, and fixation can be accom-
plished in virtually all patients. In addition, this technique
provides superior reduction and fixation when compared
with that of closed or open methods. Nearly all patients
return to sports at their previous level when treated with
arthroscopic reduction and internal fixation, which further
supports this as the approach that best predicts a good result.

Case Reports

Case 1

Chief Complaint and Patient History: G.T. is a 32-year-old man who presents to the emergency department with left
knee pain after falling while skiing. The patient reports he caught an edge when skiing and describes a valgus/compression
to the joint. He is unable to bear weight and states his knee is quite tight. He denies any numbness or tingling or pain in
any other extremity and is otherwise healthy.

Physical Exam: Vital signs are stable. Examination of left lower extremity reveals no lacerations or other cutaneous
abnormalities. He has a large tense effusion. He is tender to palpation at the lateral joint line and along the lateral plateau
of the tibia. Compartments are soft. Range of motion is guarded secondary to pain, and the knee is held in 20 degrees
of flexion. The knee is stable with varus/valgus and Lachman examinations. Posterior drawer and pivot shift are deferred
secondary to pain and inability to flex the knee. Sensation is intact in the L2 to S1 nerve distribution. Motor examination
reveals 5/5 foot dorsiflexion, plantar flexion, and extensor hallucis longus. There is a 2+ dorsalis pedis and posterior tibialis
pulse.
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a b

Fig. 19 Case 1. (A) Anteroposterior and (B) lateral MRI scans of Schatzker type II fracture pattern

Imaging: Anteroposterior and lateral radiographs reveal a split-depression fracture of the lateral tibial plateau consistent
with a Schatzker type II fracture pattern. MRI reveals the same (Fig. 19A, B).

Surgery/Treatment: The patient was admitted to the hospital, and the extremity was elevated and iced overnight. The
effusion had not worsened, and the soft tissue envelope was intact with only mild periarticular swelling present. The
patient was taken to the operating suite, and arthroscopic reduction and internal fixation was performed (see Figs. 3–10).
Intraoperatively, arthroscopic evaluation revealed no other significant intraarticular pathology. The joint was visualized, and
reduction with direct visualization was performed. The patient tolerated the procedure and was made non-weight-bearing
for 8 weeks. Range of motion was regained early, with active range of motion of 0–90 degrees at the first postoperative
visit, and a full range of motion was seen at 1-month status postsurgery. The patient began partial weight-bearing at 8
weeks, and there was radiographic evidence of fracture consolidation at that visit. The patient was full weight-bearing and
had no significant complaints of knee pain at 12 weeks from initial surgery.

Discussion: This patient presents a classic example of a fracture that can be managed with a minimally invasive and
structurally rigid fixation technique that results in an excellent outcome.

Case 2

Chief Complaint and Patient History: K.M. is a 24-year-old college student who presents to clinic with a painful left
knee. She reports she was playing intramural rugby and sustained the injury with a noncontact valgus and pivot move-
ment. She was initially seen at a local emergency department and was discharged with a knee immobilizer and sent to an
orthopaedic surgeon for follow-up. On presentation to the clinic, she was 1 week from the initial injury, was non-weight-
bearing, and was wearing the knee immobilizer. She denied any complaints of numbness or tingling or complaints in any
other extremity.

Physical Exam: Vital signs were stable. Examination of left lower extremity revealed no lacerations or other cutaneous
abnormalities. There was a moderate effusion. There was no significant tenderness to palpation of the medial or lateral
joint lines. Compartments were soft. Range of motion was guarded secondary to pain, but passive range was from 0 to 90.
Stability examination revealed a positive Lachman and pivot-shift test. Varus and valgus stress were normal. Sensation was
intact in the L2 to S1 nerve distribution. Motor examination revealed 5/5 foot dorsiflexion, plantar flexion, and extensor
hallucis longus. There was a 2+ dorsalis pedis and posterior tibialis pulse.

Imaging: Plain radiographs revealed a displaced tibial eminence fracture consistent with a type III avulsion fracture
(Fig. 20A, B). There were no other significant plain film findings. MRI also was performed, which revealed a complete
avulsion of the tibial eminence with no other significant pathology present.
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a b

Fig. 20 Case 2. (A) Anteroposterior and (B) lateral radiographs of a type III tibial eminence fracture

Surgery/Treatment: The patient was taken to the operating room and underwent initial arthroscopic lavage and eval-
uation of the joint. No other significant intraarticular injury was appreciated. The intermeniscal ligament was anterior to
the anterior fracture line and was not interposed. There was cancellous debris within the fracture bed that initially pre-
vented adequate reduction. After debriding the fracture bed with the synovial resector, the fracture was easily reduced with
a probe, and a Steinmann pin was placed percutaneously through the reduced fracture. The fracture was then stabilized
with two sutures of Ultrabraid as described in the technique earlier, with anatomic reduction being achieved. The knots
were tied and brought to the anterior tibial cortex with fixation below the joint using this incisionless surgical technique
(see Figs. 11–19). The patient began prone range of motion exercises immediately and was weight-bearing as tolerated
with knee locked in full extension for the first 4 weeks. She healed well with no significant complaints. At 3 months
postoperatively, she returned to rugby and her other previous activities with no complaints of laxity or pain.

Discussion: This patient represents an example of a nontraditional injury to the ACL. Tibial eminence fractures often
are misunderstood to be only childhood injuries, when in fact they also occur in the adult population. Treating this injury
pattern with arthroscopic reduction and internal fixation allows for anatomic reduction and early range of motion. The
advantage of bony healing provides a rapid healing rate and good clinical outcomes. This patient did well postoperatively
and represents the success that is possible with treating tibial eminence fractures with this method.
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pain with symptomatic instability, 114–115
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anatomy, 153–154
biomechanics, 153–154
clinical presentation, 154–155
injuries, incidence, 154
reconstruction surgical technique, 156–159

crural fascia incision, 156
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tourniquet application, 156

treatment, 155
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surgical, 155
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anatomy, 154
biomechanics, 154
clinical presentation, 154–155
complications, 161
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posterolateral reconstruction using two-tailed graft,
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rehabilitation, 161
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Proteoglycans, in articular cartilage, 79
Pulmonary embolism complication in ACL surgery,
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R
Radial meniscus tear, 13–14, 17
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ACL injuries, 140
for chondroplasty, 121
meniscal allograft transplantation, 54–55
meniscus tears, 18, 34
osteoarthritic knee, 72
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Repair techniques, meniscus, 25–40
complications, 34–35
future directions, 33–34
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See also under Tears
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S
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Surgical technique

meniscus tears, 15, 28–33
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anatomy, 171–172
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indications, 172–173
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Synovial knee lesions (cont.)
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MRI, 27
nonoperative treatment, 27–28
oblique, 13–14
outside-in technique, 31
preoperative radiographic evaluation, 27
radial, 13–14
rehabilitation, 18
surgical treatment, 15, 28–33

portal sites, 29
resection, 29

techniques, 15–17, 27–34
vertical longitudinal, 13–14

Technique, arthroscopy, 2–4
instruments, 3
complications, 8

deep venous thrombosis, 8
operating room setup, 2–3
anesthesia, 2–3
patient setup, 3–4

positioning, 4
Thromboembolic disease, 73
Tibial eminence fractures, 181–182, 184

complications, 192
arthrofibrosis, 192
painful or symptomatic hardware, 192

indications, 184
Meyers and McKeever classification, 184
rehabilitation, 191

technique, 189–190
general anesthesia, 189
suture fixation, 189
synovial resector use, 189
tourniquet placement, 189

treatment, 185–186
type II fractures, 186
type III injuries, 186

Tibial insertion, ACL, 129–130
Tibial plateau fractures, 181

associated injuries, 183
complications, 191–192

arthrofibrosis, 191
deep venous thrombosis, 192
incisions, 191
nonunion, 191
pulmonary embolism, 192

imaging studies, 183
indications, 182–184
medial tibial plateau fractures, 183
nonoperative management, 185
rehabilitation, 191

continuous passive motion, 191
non-weight-bearing (NWB), 191
physical therapy, 191
postoperative management, 191

Schatzker classification, 182
technique, 186–188

arthroscopy, 186
fluoroscopy, 186
general anesthesia, 186
lavage, 186
split fractures reduction, 186
type II, III, and IV fractures, 187

treatment, 184–185
Type I, 183
Type II, 183
Type III, 183
Type IV, 183
Type V, 183
Type VI, 183

Touch-down weight bearing (TDWB), 88
Tourniquet, 98–99, 137
Transtibial drilling technique, 137

U
Unicompartmental osteoarthritis, 68

V
Vertical longitudinal meniscus tear, 13–14, 16

W
Wrisberg ligament, 2


