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Preface

The tendo Achillis, the largest and strongest tendon in the
body, is the most frequently injured. Overuse and acute injuries
plague it, their management is complex, the results not guaran-
teed. A few things, however, hold true: there is not much
scientific evidence behind what we do, and there is much con-
troversy about anything we do in this particular field. Also, the
rate of complications of traditional surgery is staggeringly high:
in the management of tendinopathy, traditional techniques
result in 10 % of patients experiencing a complication related
to skin healing. It is therefore not surprising that less invasive
techniques have been advocated. In this book, we illustrate the
most advanced minimally invasive techniques: they can be
hard to master, but they are for the benefit of the patients.
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Chapter 1

Endoscopic Assisted
Percutaneous Achilles
Tendon Repair

Mahmut Nedim Doral, Murat Bozkurt, Egemen Turhan,
and Ozgiir Ahmet Atay

The Achilles tendon is the strongest tendon in the human
body [1]. Hippocrates said “this tendon, if bruised or cut,
causes the most acute fevers, induces choking, deranges the
mind and at length brings death” [2]. Achilles tendon rupture
has been the focus of many studies since Ambroise Paré initially
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described it in 1575 [3]. Achilles tendon ruptures are the third
most frequent major tendon ruptures, following rotator cuff
and quadriceps ruptures [4, 5]. Nevertheless, there is no con-
sensus on the optimal management, and management is still
determined by the preferences of the surgeon and the patient.
Cast immobilization may lead to suboptimal healing, with
elongation of the tendon, reduced strength of the calf muscles,
and an unacceptably high rate of re-rupture [6-10].

Open surgical repair of the Achilles tendon carries specific
risks including adhesions between the tendon and the skin,
infection, and particularly wound breakdown [11-14].
Although Ma and Griffith introduced the percutaneous
repair technique to avoid these complications, percutaneous
repair may not achieve satisfactory contact of the tendon
stumps and adequate initial fixation [15]. In addition, sural
nerve entrapment is a reported complication of this tech-
nique [16, 17]. Only recently have safe and sound techniques
been developed, and some are described in other chapters of
this book by Prof Maffulli.

Percutaneous repair has become popular. The advantages
of the operative and conservative methods are combined in
minimally invasive percutaneous repair techniques, but these
techniques do not allow direct visualization of the tendon ends
(Fig.1.1). Thismay be overcome by performing the percutaneous
repair under endoscopic control [18-27].

1.1 The Technique of Endoscopy
Assisted Percutaneous Repair

The operation is performed with the patients in prone position
with infiltration of local anesthesia in the area to be operated
on. No tourniquet is used, and we do not use antibiotic or anti-
thrombotic prophylaxis. Before starting the procedure, the
rupture site is marked (Fig. 1.2). Then, to minimize local bleeding,
proximal (about 5 cm) and distal (about 4 cm) to the palpated
gap, the skin,subcutaneous tissues, and peritendon are infiltrated
with 20-50 mL 0.9 % saline solution with local anesthetic
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FiGure 1.1 Greater dorsiflexion on the ruptured side than on the
healthy side

(1 % Citanest® 5 mL+0.5 % Marcain® 5 mL) around the 8
planned stab wounds, 4 medial and 4 lateral to the tendon,
distributed evenly proximally and distal to the rupture (Fig. 1.3),
These stab wounds are later enlarged with the nick and spread
technique, and used for needle entry. Special attention is paid
to the area lateral to the Achilles tendon, especially proximally,
where the sural nerve lies close to and crosses the Achilles
tendon. The patient is prompted to report any paresthesiae or
pain in the area of distribution of the sural nerve at any time
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FiGURE 1.2 Palpation of the gap between the ruptured tendon ends
using an arthroscopic probe

FiGure 1.3 Local anaesthetic injection to the subcutaneous tissues
from the stab incisions
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FiGURE 1.4 The placement of the arthroscope from distal medial incision

during the injection of local anaesthetic or during the procedure.
If this is experienced, the injection site is moved 0.5-1 cm
toward the midline. The injured foot is positioned in approxi-
mately 15° of plantar flexion. The tendon and paratenon are
examined with a 30° arthroscope (Smith-Nephew, London) via
the distal medial incision (Fig. 1.4). After the level of the rup-
ture has been determined, the continuity of the surrounding
tissues together with their consistency and vascularization are
evaluated. The torn ends of the Achilles tendons are inspected,
and, if necessary, are manipulated within the paratenon. The
passing of the suture through the Achilles tendon is also con-
trolled with the scope. We use an Ethibond No.5 or PDS No. 5
(Ethicon Inc, Johnson & Johnson, Somerville, NJ) suture with
a modified Bunnell configuration.

The needle with the PDS or Ethibond suture is first intro-
duced through the upper medial portal (shown as ‘1’ in Fig. 1.5a).
The Achilles tendon is gently palpated between the thumb and
the index finger of the opposite hand to make sure that it is
caught fully by the needle. This first bite is a transverse one, and
the needle emerges from the upper lateral portal (shown as ‘2’
in Fig. 1.5a). The needle is then retrieved, introduced again
through it and passed through the upper lateral portal towards
portal 3. The procedure is repeated in a proximal to distal direc-
tion going from portal 3 to portal 4, from portal 4 to portal 5,
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FIGURE 1.5 (a,b) Schematic diagram of the percutaneous technique
(please refer to the text for details). (¢) The sutures are tied with the
ankle in the neutral position
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from portal 5 to portal 6, from portal 6 to portal 7, and from
portal 7 to portal 8, the distal most lateral portal. At this point,
the needle is retrieved from portal 8, introduced through it and
passed through the distal most lateral portal towards portal 5,
and the procedure described above repeated backward in a
distal to proximal direction until the needle is finally returned to
the upper medial portal (shown as ‘1’ in Fig. 1.5b).

First, we pass the suture from the proximal medial incision
and out from the medial incision just above the ruptured ten-
don, making sure that the body of the proximal stump of the
tendon is squeezed between the thumb and index (Fig. 1.5a).
Second, we pass the suture from the same incision and out
from the lateral stab incision just above the tendon (Fig. 1.5a).
Finally, as in the first step, the suture is passed through this
stab incision and out from the distal medial side (Fig. 1.5a).

During suture passage, the arthroscope is placed alterna-
tively in the various entry portals, and the Achilles tendon is
inspected from the medial and lateral aspects, and the proxi-
mal and distal stumps are inspected from proximal and distal
to make sure that the tendon stumps are juxtaposed. Also,
through the endoscope we make sure that the sutures are
introduced in the tendon at different levels on the coronal
plane, so that the chance of them cutting through during the
process of tensioning is minimized.

Finally, the sutures are tensioned, and tied in the proximal
medial entry portal with the ankle in neutral position whilst
checking the tendon approximation through the arthroscope.
Before tying the sutures with the ankle in neutral position,
the patient is instructed to actively dorsi- and plantar-flex the
ankle with the knee at 90° of flexion (Fig. 1.5¢) to make sure
that appropriate tension is imparted to the suture. A final
check is performed, and the suture is knotted fully.

The skin stab incisions are closed with subcutaneous suture
and steristrips are used for initial dressing, and a walking brace
with the ankle in neutral is applied for at least 3 weeks (Fig. 1.6).

Immediate weight-bearing as tolerated with a walking
brace is initiated (for 3 weeks only), alternating with passive
range of motion exercises. Physiotherapy includes electrical
stimulation of the gastrosoleus complex; cryotherapy and
therapeutic ultrasound are applied around the Achilles tendon
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FiGURE 1.6 Final stab wound closure with steristrips

for reduction of edema. Transverse friction massage is used to
promote scar and tendon re-formation.

Patients are instructed to move the ankle four times a day
between 20° of plantar flexion and 10° of dorsiflexion. The
patients complete gentle isometric, eccentric and concentric
exercises of the ankle several times a day, with flexion and exten-
sion of the toes in a supine position, and full plantar flexion and
dorsiflexion of the ankle to neutral in a supine position; extension
of the knee in a sitting position; flexion of the knee in a prone
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position; and extension of the hip in a prone position within first
3 weeks. The walking brace is discontinued after 3 weeks. From
the sixth week to tenth week, rehabilitation progresses to using
elastic resistance bands; rotation of the ankles; standing on the
toes and heels; ankle stretching exercises to flexion with the help
of a rubber band; stretching of the calf muscle by standing with
the leg to be stretched straight behind and the other leg bent in
front and leaning the body forward, with support from a wall or
physiotherapist; stretching exercises for the toes and ankle
against manual resistance in a sitting position; balance and prop-
rioception exercises on different surface progress from bilateral
to unilateral; controlled squats, lunges, bilateral calf raise (pro-
gressing to unilateral), toe raises, controlled slow eccentrics vs.
body-weight. After 10 weeks, patients start training jogging/run-
ning, jumping and eccentric loading exercises, non-competitive
sporting activities, sports-specific exercises, and return to physi-
cally demanding sports and/or work.

Rehabilitation process

0-3 weeks: Range of motion: 20° of plantar flexion and 10° of
dorsiflexion
0-6 weeks: Gentle isometric, eccentric and concentric exercises

with flexion and extension of the toes, full plantar
flexion and dorsiflexion of the ankle to neutral in
a supine position; extension of the knee in a sitting
position; flexion of the knee in a prone position;
and extension of the hip in a prone position

6-10 weeks: Resistance exercises, rotation of the ankles;
standing on the toes and heels; ankle stretching
exercises for calf muscles, the toes and ankle,
balance and proprioception exercises on different
surface progress from bilateral to unilateral;
controlled squats, lunges, bilateral calf raise
(progressing to unilateral), toe raises, controlled
slow eccentrics vs. body-weight

10-1 weeks:  Start training jogging/running, jumping and
eccentric loading exercises, non-competitive
sporting activities, sports-specific exercises, and
return to physically demanding sports and/or work
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Endoscopy-assisted percutaneous repair allows direct
observation of the process of suturing the Achilles tendon.
This eliminates some of the disadvantages of the percutane-
ous repair techniques, especially the evaluation of the juxta-
position of the torn ends [18, 30-32]. Endoscopy-assisted
percutaneous repair allows early active ankle mobilization
and weight bearing after a short period of cast immobiliza-
tion and thereby, prevents complications due to the pro-
longed immobilization such as arthrofibrosis, joint stiffness,
calf atrophy, damage to the articular cartilage, and deep vein
thrombosis. Buchgraber and Péssler [28] compared the
results of immobilization and functional postoperative treat-
ment after percutaneous repair of Achilles tendon rupture
and found that functional postoperative rehabilitation with
early weight-bearing was associated with significantly less
severe calf muscle work by the injured leg than postoperative
immobilization. Considering these advantages, endoscopy-
assisted percutaneous repair of AT may prevent some of the
negative issues associated with open, conservative, or percu-
taneous techniques. Also, this technique could help to pre-
vent the risk of damage to the sural nerve by allowing its
direct visualization. However, we stress that knowledge of the
local anatomy is necessary to place the stab wounds in the
areas less likely to damage this nerve [29, 33].

In endoscopic repair, the paratenon is protected, providing
a biological advantage to the mechanical strength of the
repair furnished by the suture material. Also, preservation of
the paratenon decreases the gliding resistance of the extra-
synovial tendons after repetitive motion in vitro [33]. Achilles
tendoscopy allows direct observation of the hematoma and
the stab wounds, and controlled juxtaposition of the tendon
ends without damaging the paratenon [34, 35].

Any technique may result in lengthening of the Achilles
tendon, possibly from not having closely approximated the
tendon ends. Carmont and Maffulli recommend a mini open
technique, with a 1.2-1.5 cm transverse incision at the level of
the rupture, to directly observe that appropriate juxtaposi-
tion of the ruptured tendon ends had been achieved [36].
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Ficurk 1.7 Bilaterally operated patient of AT rupture. Left side is
operated with percutaneous method and right side was operated
with open surgery previously. The appearance of the wound is cosmetic
with percutaneous method

Direct visualization of the tendon ends by endoscope through
the stab incisions allows this without any additional incision.

Obviously, the procedure requires experience in soft tissue
endoscopy. Percutaneous repair of the Achilles tendon under
endoscopic control results excellent wound appearance
(Fig. 1.7), This technique resulted in a cosmetic wound
appearance, endurable to early-active mobilization and satis-
factory clinical recovery without any severe complication.
Furthermore, this procedure protects the paratenon, and
should enhance biologic recovery. Direct visualization and
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manipulation of the tendon ends also provide stable repair
that allows early weight-bearing and ambulation, and we
have used in athletic individuals. Percutaneous repair is likely
more cost effective than open techniques, and, in some set-
tings, endoscopic control carries no additional costs [37].
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Chapter 2

Percutaneous Repair

of Acute Achilles Tendon
Ruptures: The Maffulli
Procedure

Nicola Maffulli, Francesco Oliva, and Mario Ronga

2.1 Introduction

The Achilles tendon (AT) is the strongest tendon in the
human body, but despite its strength, is the most frequently
ruptured tendon in the body. Ruptures usually occur between
2 and 6 cm of its insertion into the superior surface of the
calcaneus, a relatively hypovascular area [7, 17]. The major
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blood supply to tendons is from the mesotendon, and the
largest supply is from the anterior mesentery [2]. The tendon
is at the greatest risk of rupture when it is obliquely loaded,
the muscle is contracting maximally, and tendon length is
short [12]. This usually occurs as a result of pushing off with
the foot against resistance, and occurs most frequently in
males in their fourth decade.

The diagnosis of acute AT rupture is generally made clini-
cally. There is usually a palpable defect in the AT. Patients will
often report that they felt as though they had been struck at
the back of the heel and may have heard a snapping sound.
They are usually unable to weight bear on the affected limb
because of pain and/or weakness. If some time has elapsed
since the rupture, the diagnosis can be more difficult, as the
gap fills in with edema and palpation is unreliable. Various
tests can be employed to aid diagnosis [11, 13, 14], such as calf
squeeze test [14], the Matles test can also be used [11]. and
the needle test. The neurovascular status of the limb should
be assessed, in particular the sensation over the distribution
of the sural nerve, and documented

Open surgical management of patients with ruptured ATs
allows accurate apposition of the ruptured tendon ends, earlier
motion, has a low risk of re-rupture, but is associated with a
significant rate of wound healing problems.

Advocates of minimally invasive AT surgery cite faster
recovery times, shorter hospital stays, and improved functional
outcomes as the principal reasons for adopting these new
approaches when compared to traditional open techniques.

In this chapter we describe a minimally invasive technique
to repair acute AT rupture.

2.2 Surgical Technique

The patient is positioned prone [3]. Areas 4-6 cm proximal
and distal to the palpable tendon defect and the skin over the
defect are infiltrated with 20 mL of 1 % Lignocaine. 10 mL of
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FIGURE 2.1 A 9 cm Mayo needle (BLO59N, #B00 round point spring
eye, B Braun, Aesculap, Tuttlingen, Germany) is threaded with two
double loops of Number 1 Maxon (Tyco Healthcare, Norwalk, CT),
and this is passed transversely between the proximal stab incisions
through the bulk of the tendon

Chirocaine 0.5 % are infiltrated deep to the tendon defect.
A calf tourniquet, skin preparation and steridrapes are applied.

A 1 cm transverse incision is made over the defect using a
size 11 blade. Four longitudinal stab incisions are made lateral
and medial to the tendon 6 cm proximal to the palpable
defect. Two further longitudinal incisions on either side of the
tendon are made 4-6 cm distal to the palpable defect. Forceps
are then used to mobilize the tendon from beneath the sub-
cutaneous tissues. A 9 cm Mayo needle (BLO59N, #B00 round
point spring eye, B Braun, Aesculap, Tuttlingen, Germany) is
threaded with 2 double loops of Number 1 Maxon (Tyco
Healthcare, Norwalk, CT), and this is passed transversely
between the proximal stab incisions through the bulk of the
tendon (Fig. 2.1). The bulk of the tendon is surprisingly
superficial. The loose ends of the suture are held with a clip.
In turn, each of the ends is then passed distally from just
proximal to the transverse Maxon passage through the bulk
of the tendon to pass out of the diagonally opposing stab incision.
A subsequent diagonal pass is then made to the transverse
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FIGURE 2.2 Another double loop of Maxon is then passed between
the distal stabs incisions through the tendon

incision over the ruptured tendon. To prevent entanglement,
both ends of the Maxon are held in separate clips. This suture
is then tested for security by pulling with both ends of the
Maxon distally. Another double loop of Maxon is then passed
between the distal stabs incisions through the tendon (Fig.2.2),
and in turn through the tendon and out of the transverse inci-
sion starting distal to the transverse passage in a half Kessler
configuration (Fig. 2.3). The ankle is held in full plantar
flexion, and in turn opposing ends of the Maxon thread are
tied together with a double throw knot, and then three fur-
ther throws before being buried using the forceps. A clip is
used to hold the first throw of the lateral side to maintain the
tension of the suture.

A subcuticular Biosyn suture 3.0 (Tyco Healthcare) is used to
close the transverse incision, and Steri-strips (3M Health Care,
St Paul, MN) are applied to the stab incisions. Finally, a Mepore
dressing (Molnlycke Health Care, Gothenburg, Sweden) is
applied, and a bivalved removable scotch cast in full plantar
flexion is applied being held in place with Velcro straps.
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FiGUre 2.3 The double loop of Maxon is passed in turn through the
tendon and out of the transverse incision starting distal to the
transverse passage

2.3 Postoperative Regimen

The patient is allowed home on the day of surgery, and fully
weight bears as able in the cast in full plantar flexion. At 2 weeks,
the wounds are inspected, and the back shell is removed allowing
proprioception, plantar flexion, inversion and eversion exercises.
The front shell remains in place for 6 weeks to prevent forced
inadvertent dorsiflexion of the ankle.

2.4 Discussion

Several percutaneous repair techniques have been described
[4,5,9,15,16]. Ma and Griffith described a technique of per-
cutaneous repair of the AT in 18 patients using stab incisions
over the tendon [9]. The suture was passed through stab inci-
sions and crisscrossed through the tendon.

Gorschewsky et al. described a technique using barbed
suture wires passed from proximal to distal to pull the retracted
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proximal stump distally and approximate the ruptured tendon
ends. Fibrin glue was then applied to the repair. The wires were
removed at 3 weeks. At 1 year follow-up in 20 patients there
was one re-rupture and no other complications [5].

Webb and Bannister described a new percutaneous tech-
nique that reduced the potential risk to the sural nerve by
placing the most proximal of the incisions to the medial side,
away from the nerve [14]. We described a percutaneous tech-
nique of repair of the ruptured ATs similar to that described by
Webb and Bannister [15], but using a more secure suture
configuration. Recently, several authors reported on the
Achillon mini-incision technique, comparing the basic mechan-
ical properties of the tendon suture performed using the
Achillon method with those of the Kessler method, and
assesses whether the strength of the repair was related to ten-
don diameter. The Achillon repair had comparable tensile
strength to the Kessler repair. When compared to the Achillon
repair the present technique [3] is cheaper, and allows a stron-
ger repair, as it allows to use a greater number of suture strands
(eight) for the repair of the AT.

Complications of this surgery can be early, intermediate or
late, and are outlined in Table 2.1.

Early possible post-operative complications of this surgery
are sural nerve damage and hematoma formation.

Hockenbury and John noted sural nerve entrapment in 3
of 5 cases treated using a percutaneous technique in cadav-
eric specimens with divided ATs [2]. The positioning of the
incisions and the configuration of the stitch reduces the risk
of damage to the sural nerve.

TaBLE 2.1 Complications which can occur following a ruptured AT
Early (peri-operative) Sural nerve damageHematoma

Intermediate (<6 weeks) Infection

Wound healing complications

Late (6 weeks to 6 months)  Re-rupture of tendon
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TaBLE 2.2 Key points of rupture and repair

Patient selection

Prone position

Local anesthesia

Incisions made to avoid sural nerve
Four and if necessary eight strand repair

Splintage to protect repair for total of 6 weeks

The risk of hematoma formation is reduced as the procedure
is carried out without tourniquet so that the surgeon will be
able to deal with any bleeding at the time of operation.

Intermediate superficial and deep wound infections can
occur. Open repair is associated with a significant risk of wound
breakdown. Percutaneous repair reduces this risk (Table 2.2).

The most important late complication is re-rupture.

Bradley and Tibone [1] reported a higher risk of re-rupture
in percutaneous repairs compared with open repair. Lim
et al. more recently, however, in a prospective multicentre
randomized controlled study comparing open and percutane-
ous repair techniques reported a higher rate of re-rupture in
patients treated by an open technique (6 vs 3 %, using a per-
cutaneous technique). The difference, however, was not sta-
tistically significant. Bradley and Tibone [1] compared 15
patients treated with a gastrocsoleus fascial graft and 12
patients treated using a percutaneous technique. Strength,
power and endurance measurements of both groups showed
no statistical difference. Two of 12 (13 %) percutaneous
repairs re-ruptured up to a follow-up of 1.8 years, compared
with none in the open repair group (follow-up 4.6 years).
They recommended percutaneous repair in the recreational
athlete and open repair in the competitive athlete. Martinelli
[10] reported 30 cases of percutaneous repair of ATs in which
all athletes returned to preinjury levels of sport by 150 days
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post-injury. Wound healing problems associated with open
repair can be reduced by using percutaneous techniques, and
the incidence of adhesion of the skin to the underlying tendon,
as can occur in open repair, is also lower with percutaneous
techniques [8, 15].

Kauranen and Leppilahti [6] reviewed the motor performance
of 90 patients following operative repair (mean of 3.1 years post
surgery) of a ruptured AT. They observed the performance of
the unloaded lower extremity, and compared the operated
limbs with the unoperated side, and to age and gender-matched
control subjects. They found no statistical difference between
any of the groups, and concluded that the motor performance
of the unloaded lower limb had fully recovered in the tested
parameters.
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Chapter 3

Minimally Invasive
Semitendinosus Tendon Graft
Augmentation for
Reconstruction of Chronic
Tears of the Achilles Tendon

Nicola Maffulli, Umile Giuseppe Longo, Filippo Spiezia,
and Vincenzo Denaro

3.1 Introduction

The management of chronic ruptures of tendo Achillis often
requires augmentation techniques. These can be performed
using a turn down flap, a tendon transfer, tendon graft, or
synthetic materials. Open procedures on the Achilles tendon
can lead to difficulty with wound healing because of the tenuous
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blood supply and increased chance of wound breakdown and
infection. In this chapter we describe a method of minimally
invasive semitendinosus reconstruction for the Achilles tendon.
This technique uses one proximal para-midline incision and
one distal midline incision preserving skin integrity over the
site most prone to wound breakdown. The first incision is a
5 cm longitudinal incision, made 2 cm proximal and just
medial to the palpable end of the residual tendon. The second
incision is 3 cm long and is also longitudinal but is 2 cm distal
and in the midline to the distal end of the tendon rupture. The
distal and proximal Achilles tendon stumps are mobilized.
After trying to reduce the gap of the ruptured Achilles ten-
don, if the gap produced is greater than 6 cm despite maximal
plantar flexion of the ankle and traction on the Achilles tendon
stumps, the ipsilateral semitendinosus tendon is harvested.
The semitendinosus tendon is passed through small incisions
in the substance of the proximal stump of the Achilles ten-
don, and it is sutured to the Achilles tendon. It is then passed
beneath the intact skin bridge into the distal incision, and
passed from medial to lateral through a transverse tenotomy
in the distal stump. With the ankle in maximal plantar flexion,
the semitendinosus tendon is sutured to the Achilles tendon
at each entry and exit point. This minimally invasive tech-
nique allows reconstruction of the Achilles tendon using the
tendon of semitendinosus preserving skin integrity over the
site most prone to wound breakdown, and can be especially
used to reconstruct the Achilles tendon in the presence of
large gap (greater than 6 cm).

3.2 Surgical Technique

The patient is positioned prone with a calf tourniquet. Skin
preparation is performed in the usual fashion, and sterile
drapes are applied. Pre-operative anatomical markings include
the palpable tendon defect and both malleoli. Two skin incisions
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Ficurk 3.1 Two skin incisions are made. The first incision is a 5 cm
longitudinal incision, made 2 cm proximal and just medial to the
palpable end of the residual tendon. The second incision is 3 cm long
and is also longitudinal but is 2 cm distal and in the midline over the
distal end of the tendon rupture

are made (Fig. 3.1), and accurate hemostasis by ligation of the
larger veins and diathermy of the smaller ones is performed.
The first incision is a 5 cm longitudinal incision, made 2 cm
proximal and just medial to the palpable end of the residual
tendon. The second incision is 3 cm long and is also longitudi-
nal but is 2 cm distal and in the midline over the distal end of
the tendon rupture. Care is taken to prevent damage to the
sural nerve. At the level of the Achilles tendon insertion, the
sural nerve is 18.8 mm lateral to the tendon but, as it progresses
proximally, the nerve gradually traverses medially crossing the
lateral border of the tendon 9.8 cm proximal to the calcaneum
[6]. Thus, the second incision avoids the sural nerve by being
placed medial and posterior to the nerve.

The proximal and distal Achilles tendon stump are
mobilized, freeing them of all the peritendinous adhesions.
It should be possible to palpate the medial tubercle of the
calcaneum. The ruptured tendon end is then resected back to
healthy tendon, and a Number 1 Vicryl (Ethicon, Edinburgh)
locking suture is run along the free tendon edge to prevent
separation of the bundles (Fig. 3.2).
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FIGURE 3.2 A locking suture is run along the free tendon edge to
prevent separation of the bundles

The proximal tendon is then mobilized from the proximal
wound, any adhesions are divided, and further soft tissue
release anterior to the soleus and gastrocnemius allows maximal
excursion, minimizing the gap between the two tendon
stumps. A Vicryl locking suture is run along the free tendon
edge to allow adequate exposure and to prevent separation
of the bundles.

After trying to reduce the gap of the ruptured Achilles
tendon , if the gap produced is greater than 6 cm despite
maximal plantar flexion of the ankle and traction on the
Achilles tendon stumps, the ipsilateral semitendinosus ten-
don is harvested through a vertical 2.5-3 cm long incision
over the pes anserinus (Fig. 3.3). The semitendinosus tendon
is passed through a small incision in the substance of the
proximal stump of the Achilles tendon (Fig. 3.4), and it is
sutured to the Achilles tendon at the entry and exit point
using 3-0 Vicryl (Polyglactin 910 braided absorbable suture;
Johnson & Johnson, Brussels, Belgium). The semitendinosus
tendon is then passed beneath the intact skin bridge into the
distal incision and passed from medial to lateral through a
transverse tenotomy in the distal stump (Fig. 3.5). With the
ankle in maximal plantar flexion, the semitendinosus tendon
is sutured to the Achilles tendon at each entry and exit point
using 3-0 Vicryl (Polyglactin 910 braided absorbable suture;
Johnson & Johnson, Brussels, Belgium). The repair is ten-
sioned to maximal equinus.

One extremity of the semitendinosus tendon is then
passed again beneath the intact skin bridge into the proxi-
mal incision, and passed from medial to lateral through
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FiGure 3.3 The tendon of the semitendinosus is harvested through
a vertical, 2.5-3 cm longitudinal incision over the pes anserinus

a transverse tenotomy in the proximal stump (Fig. 3.6).
The other extremity of the semitendinosus tendon is
then passed again from medial to lateral through a trans-
verse tenotomy in the distal stump. The reconstruction
may be further augmented using a Maxon (Tyco Health
Care, Norwalk, CT) suture. The wounds are closed with
2.0 Vicryl, 3,0 Biosyn (Tyco Health Care, Norwalk, CT)
and Steri-strips (3M Health Care, St Paul, MN) (Fig. 3.7).
A previously prepared removable scotch cast support with
Velcro straps is applied.



30 N. Maffulli et al.

Chd Al

FiGUure 3.4 The semitendinosus tendon is passed through a small
incision in the substance of the proximal stump of the Achilles tendon

FiGUre 3.5 The semitendinosus tendon is passed from medial to
lateral through a transverse tenotomy in the distal stump
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FiGURE 3.6 One extremity of the semitendinosus tendon is passed from
medial to lateral through a transverse tenotomy in the proximal stump

F1GURE 3.7 The final result

3.3 Postoperative Management

Post operatively, patients are allowed to weight bear as comfort
allows with the use of elbow crutches [2, 3]. It would be unusual
for a patient to weight bear fully at this stage. After 2 weeks, the
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back shell is removed, and physiotherapy is commenced with
the front shell in situ preventing dorsiflexion of the ankle, focusing
on proprioception, plantar-flexion of the ankle, inversion and
eversion [2, 3]. During this period of rehabilitation, the patient
is permitted to weight bear as comfort allows with the front
shell in situ although full weight bearing rarely occurs on
account of balance difficulties and patients usually still require
the assistance of a single elbow crutch as this stage. The front
shell may be finally removed after 6 weeks. We do not use a heel
raise after removal of the cast, and patients normally regain a
plantigrade ankle over 2 or 3 weeks [2, 3].

3.4 Discussion

The main complication the surgeon may encounter is sural
nerve injury. Care is taken to prevent damage to the sural
nerve. At the level of the Achilles tendon insertion, the sural
nerve is 18.8 mm lateral to the tendon but, as it progresses
proximally, the nerve gradually traverses medially crossing
the lateral border of the tendon 9.8 cm proximal to the calca-
neum [6]. Thus, the second incision avoids the sural nerve by
being placed medial to the nerve.

Wound breakdown is a challenging complications in
Achilles tendon reconstruction surgery, with open techniques
having a 9 % superficial infection rate [5]. The great advantage
of this technique is that it allows to perform a semitendinosus
tendon augmentation in a minimally invasive fashion, preserv-
ing skin integrity. In patients with chronic ruptures, the skin
over the gap retracts over several weeks, and remains so until
the operation. In open surgery, this skin is incised, and is then
stretched out in a relatively acute fashion to accommodate the
reconstructed tendon. Therefore, following the reconstruction,
the skin over the gap may well be stretched so much that
vascular supply is impaired [4]. The reconstructed gastro-
soleus Achilles tendon complex will stretch with increased
loading and range of movement exercises during rehabilita-
tion [1]. Preservation of skin cover during reconstruction
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procedures is clearly an advantage, as the skin is not injured
by the operation, and protects the reconstruction beneath.
As with all surgery performed through minimally invasive
incisions, this procedure is technically demanding. Careful
incision placement is required together with skin retraction
to allow visualization of the tendon ends and to permit the
reconstruction. This technique is designed to preserve skin
cover of the reconstruction site, and, although reconstruction
is always risky, it may extend the indications for surgery in
patients prone to wound complications such as vasculopaths
and diabetics who present with a large gap.

In conclusion, this technique allows minimally invasive
reconstruction of the Achilles tendon using semitendinosus
tendon preserving skin integrity, and can be especially used to
reconstruct the Achilles tendon in the presence of large gap
(greater than 6 cm).
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Chapter 4

Minimally Invasive Achilles
Tendon Reconstruction
Using the Peroneus Brevis
Tendon Graft

Nicola Maffulli, Filippo Spiezia, Umile Giuseppe Longo,
and Vincenzo Denaro

4.1 Introduction

Minimally invasive peroneus brevis reconstruction for the
Achilles tendon (AT) overcome the problems with an open
procedure, namely difficulty with wound healing because of
the tenuous blood supply and increased chance of wound
breakdown and infection. In this chapter we presented a
technique which uses two para-midline incisions preserving
skin integrity over the site most prone to wound breakdown.
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This minimally invasive technique allows reconstruction of
the Achilles tendon using the tendon of peroneus brevis pre-
serving skin integrity over the site most prone to wound
breakdown, and can be especially used to reconstruct the
Achilles tendon in the presence of gap less than 6 cm.

The ideal candidate to minimally invasive semitendinosus
tendon graft augmentation is a patient with a chronic tear of
the Achilles tendon with a gap, during surgery less than 6 cm
with the ankle kept in maximal plantar flexion and traction
on the AT stumps [7]. This technique is designed to preserve
skin cover of the reconstruction site, and, although recon-
struction is always risky, it may extend the indications for
surgery to patients prone to wound complications such as
those with peripheral vasculopathy and diabetes who present
with a tendon gap. Gap greater than 6 cm are better managed
with semitendinosus transfer [3].

There are no specific contraindications exist for minimally
invasive ipsilateral tendon transfer. Obviously this is not pos-
sible in patients previously undergone peroneus tendon har-
vesting for other procedure.

4.2 Surgical Technique

The patient is positioned prone with a calf tourniquet. Skin
preparation is performed in the usual fashion, and sterile
drapes are applied. Pre-operative anatomical markings
include the palpable tendon defect, both malleoli, and the
base of the fifth metatarsal.

Three skin incisions are made, and accurate hemostasis by
ligation of the larger veins and diathermy of the smaller ones
is performed. The first incision is a 5 cm longitudinal incision,
made 2 cm proximal and just medial to the palpable end of
the proximal stump. The second incision is 3 cm long and is
also longitudinal, but is 2 cm distal and lateral to the distal
stump. Care is taken to prevent damage to the sural nerve by
making this incision as close as possible to the anterior aspect
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FIGURE 4.1 The distal Achilles tendon stump is mobilized, freeing it
of all the peritendinous adhesions

of the lateral border of the Achilles tendon to avoid the
nerve. At the level of the Achilles tendon insertion, the sural
nerve is 18.8 mm lateral to the tendon but, as it progresses
proximally, the nerve gradually traverses medially crossing
the lateral border of the tendon 9.8 cm proximal to the calca-
neum. Thus, the second incision avoids the sural nerve by
being placed on the lateral side of the Achilles tendon but
posterior to the nerve. The third incision is a 2 cm longitudi-
nal incision at the base of the fifth metatarsal.

The distal Achilles tendon stump is mobilized, freeing it of
all the peritendinous adhesions, particularly on its lateral aspect
(Fig. 4.1). This allows access to the base of the lateral aspect of
the distal tendon close to it insertion. It should be possible to
palpate the medial tubercle of the calcaneum. The ruptured
tendon end is then resected back to healthy tendon, and a
Number 1 Vicryl (Ethicon, Edinburgh) locking suture is run
along the free tendon edge to prevent separation of the
bundles.

The proximal tendon is then mobilized from the proximal
wound, any adhesions are divided, and further soft tissue
release anterior to the soleus and gastrocnemius allows
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FIGURE 4.2 The proximal tendon is then mobilized from the proximal
wound, any adhesions are divided, and further soft tissue release
anterior to the soleus and gastrocnemius allows maximal excursion,
minimizing the gap between the two tendon stumps

FIGURE 4.3 A Vicryl locking suture is run along the free tendon edge
to allow adequate exposure and to prevent separation of the bundles

maximal excursion, minimizing the gap between the two tendon
stumps (Fig. 4.2). A Vicryl locking suture is run along the free
tendon edge to allow adequate exposure and to prevent
separation of the bundles (Fig. 4.3).
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FIGURE 4.4 The tendon of peroneus brevis is harvested

The tendon of peroneus brevis is harvested (Fig. 4.4). The
tendon is identified through the incision on the lateral border
of the foot at its insertion at the base of the fifth metatarsal.
The tendon is exposed, and a No.1 Vicryl locking suture is
applied to the tendon end before release from the metatarsal
base. The tendon of peroneus brevis is identified at the base
of the distal incision of the Achilles tendon following incision
of the deep fascia overlying the peroneal muscles compart-
ment. The tendon of peroneus brevis is then withdrawn
through the distal wound (Fig. 4.5). This may take significant
force, as there may be tendinous strands between the two
peroneal tendons distally. The muscular portion of peroneus
brevis is then mobilized proximally to allow increased excur-
sion of the tendon of peroneus brevis.
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FIGURE 4.5 The tendon of peroneus brevis is then withdrawn
through the distal wound

A longitudinal tenotomy parallel to the tendon fibers is made
through both stumps of the tendon. A clip is used to develop the
plane, from lateral to medial, in the distal stump of the Achilles
tendon, and the peroneus brevis graft is passed through the
tenotomy (Fig. 4.6). With the ankle in maximal plantar flexion,
a No.l Vicryl suture is used to suture the peroneus brevis to
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FIGURE 4.6 A clip is used to develop the plane, from lateral to
medial, in the distal stump of the Achilles tendon, and the peroneus
brevis graft is passed through the tenotomy

both sides of the distal stump. The tendon of peroneus brevis
is then passed beneath the intact skin bridge into the proximal
incision, and passed from medial to lateral through a transverse
tenotomy in the proximal stump, and further secured with No
1 Vicryl. Finally, the tendon of peroneus brevis is sutured back
onto itself on the lateral side of the proximal incision. The
reconstruction may be further augmented using a Maxon (Tyco
Health Care, Norwalk, CT) suture.

The wounds are closed with 2.0 Vicryl, 3.0 Biosyn (Tyco
Health Care, Norwalk, CT) and Steri-strips (3M Health Care, St
Paul, MN), taking care to avoid the risk of post operative hema-
toma and minimize wound breakdown. A previously prepared
removable scotch cast support with Velcro straps is applied.

4.3 Postoperative Management

Post operatively, patients are allowed to weight bear as com-
fort allows with the use of elbow crutches [9, 10]. It would be
unusual for a patient to weight bear fully at this stage. After
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2 weeks, the back shell is removed, and physiotherapy is
commenced with the front shell in sifu preventing dorsiflexion
of the ankle, focusing on proprioception, plantar-flexion of
the ankle, inversion and eversion [9, 10]. During this period of
rehabilitation, the patient is permitted to weight bear as com-
fort allows with the front shell in situ, although full weight
bearing rarely occurs on account of balance difficulties and
patients usually still require the assistance of a single elbow
crutch as this stage. The front shell may be finally removed
after 6 weeks. We do not use a heel raise after removal of the
cast, and patients normally regain a plantigrade ankle over
2 or 3 weeks [9, 10].

4.4 Discussion

The main complication the surgeon may encounter is sural
nerve injury. Care is taken to prevent damage to the sural
nerve. At the level of the AT insertion, the sural nerve is
18.8 mm lateral to the tendon but, as it progresses proximally,
the nerve gradually traverses medially crossing the lateral
border of the tendon 9.8 cm proximal to the calcaneum [13].
Thus, the second incision avoids the sural nerve by being
placed medial to the nerve.

Wound breakdown is a challenging complications in AT
reconstruction surgery, with open techniques having a 9 %
superficial infection rate [12]. The great advantage of this
technique is that it allows to perform a peroneus brevis ten-
don augmentation in a minimally invasive fashion, preserving
skin integrity. In patients with chronic ruptures, the skin over
the gap retracts over several weeks, and remains so until the
operation. In open surgery, this skin is incised, and is then
stretched out in a relatively acute fashion to accommodate
the reconstructed tendon [1]. Therefore, following the recon-
struction, the skin over the gap may well be stretched so much
that its vascular supply is impaired [11]. The reconstructed
gastro-soleus AT complex will stretch with increased loading
and range of movement exercises during rehabilitation [2].
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Preservation of skin cover during reconstruction procedures
is clearly an advantage, as the skin is not injured by the opera-
tion, and protects the reconstruction beneath [4-6, 8]. As with
all surgery performed through minimally invasive incisions,
this procedure is technically demanding. Careful incision
placement is required together with skin retraction to allow
visualization of the tendon ends and to permit the reconstruction.
This technique is designed to preserve skin cover of the recon-
struction site, and, although reconstruction is always risky, it
may extend the indications for surgery in patients prone to
wound complications such as vasculopathy and diabetics who
present with a tendinous gap.

In conclusion, this technique allows minimally invasive
reconstruction of the AT using peroneus brevis tendon preserving
skin integrity, and can be especially used to reconstruct the AT
in the presence of gap less than 6 cm.
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Chapter 5

Free Hamstrings Tendon
Transfer and Interference
Screw Fixation for Less
Invasive Reconstruction

of Chronic Avulsions
of the Achilles Tendon

Nicola Maffulli, Umile Giuseppe Longo, Filippo Spiezia,
and Vincenzo Denaro

5.1 Introduction

Chronic avulsions of the Achilles tendon from the calcaneus
are infrequent [1,13,19,26]. Achilles “sleeve” avulsions are a
surgical challenge, as the Achilles tendon sleeves from its
insertion into the calcaneus leaving virtually no tendinous
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tissue on the posterior calcaneus to facilitate a repair to the
free end of the Achilles tendon [22]. So reconstruction of
chronic avulsions of the Achilles tendon can be technically
difficult. Hence can be necessary a tendon graft because may
be not possible to directly reattach the Achilles tendon. The
free hamstrings tendon transfer and interference screw
fixation for less invasive reconstruction of chronic avulsions
of the Achilles tendon is less invasive technique using a free
semitendinosus tendon graft with interference screw fixation
in the calcaneus through a Cincinnati incision. This approach
permits a wide exposure of the insertion of the Achilles tendon,
preserving the integrity of the skin overlying the site most
decreasing the risk of wound breakdown.

Open reduction and fixation is possible only when a large
bony fragment is avulsed.

Bibbo et al. [2] described a transcalcaneal suture technique
for repair of the Achilles tendon sleeve avulsion, through a
longitudinal extensile incision. This technique, to be used in
patients without a large tendon defect, allows reinsertion of
the tendon to the calcaneus. However, when a large tendon
defect is present, the surgeon must consider a tendon graft
to bridge the gap and produce a strong construct [8, 12, 14,
25, 28]. Moreover, open procedures on the Achilles tendon
can lead to difficulty with wound healing because of the tenu-
ous blood supply and increased chance of wound breakdown
and infection [20, 21, 24]. The broad exposure given by open
procedures may cause extensive iatrogenic disruption of the
subcutaneous tissues and paratenon, increasing the potential
for peritendinous adhesions [10, 11]. For this reason, less
invasive surgical approaches have been developed [4, 6,9, 15,
18,27]. Advocates of less invasive AT surgery cite faster recov-
ery times, shorter hospital stays, and improved functional
outcomes as the principal reasons for adopting these new
approaches when compared to traditional open techniques
[4,6,7,9,18].

This technique uses one proximal para-midline incision and
one distal Cincinnati incision to respectively expose the proximal
Achilles tendon stump and the Achilles tendon insertion. Using



Chapter 5. Free Hamstrings Tendon Transfer 47

this approach, a wide exposure of the insertion of the Achilles
tendon is possible.

5.2 Surgical Technique

The patient is positioned prone with a calf tourniquet. Skin
preparation is performed in the usual fashion, and sterile
drapes are applied. Pre-operative anatomical markings
include the palpable tendon defect and the tuberosity of the
calcaneus. Two skin incisions are made, and accurate hemo-
stasis by ligation of the larger veins and diathermy of the
smaller ones is performed. The first incision is a 5 cm longitu-
dinal incision, made 2 cm proximal and just medial to the
palpable end of the residual tendon. The second incision is
5-7 cm semicircular Cincinnati skin incision [5], made over
the area of Achilles tendon insertion.

The proximal and distal Achilles tendon stumps are mobi-
lized, freeing them of all the peritendinous adhesions. After
trying to reduce the gap of the ruptured Achilles tendon, if
the gap does not allow the tendon to reach the bone despite
maximal plantar flexion of the ankle and traction on the AT
stump, the ipsilateral semitendinosus is harvested through a
vertical 2.5-3 cm long incision over the pes anserinus. The
tendon is prepared in the usual fashion [15].

A cannulated headed reamer corresponding to the grafts
diameter is used to perforate the calcaneus to allow the
passage of the double-looped semitendinosus tendon graft
(Fig. 5.1). A wire is then passed through the tunnel (Fig. 5.2).

The proximal tendon is then mobilized from the proximal
wound, any adhesions are divided, and further soft tissue
release anterior to the soleus and gastrocnemius allows
maximal excursion, minimizing the gap between the two
tendon stumps. The semitendinosus tendon is passed through
a small incision in the substance of the proximal stump of
the AT (Fig. 5.3), and it is sutured to the AT at the entry
and exit point using 3-0 Vicryl (Polyglactin 910 braided
absorbable suture; Johnson & Johnson, Brussels, Belgium).
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FIGURE 5.1 A cannulated headed reamer corresponding to the grafts
diameter is used to perforate the calcaneus to allow the passage of the
double-looped semitendinosus tendon graft

FIGURE 5.2 A wire is passed through the tunnel

The semitendinosus tendon is then passed beneath the intact
skin bridge into the distal incision, and then through the
calcaneus tunnel (Fig. 5.4). With the ankle in maximal plantar
flexion, the semitendinosus tendon is fixed to the calcaneus
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FiGure 5.3 The semitendinosus tendon is passed through a small
incision in the substance of the proximal stump of the AT

g/}

FiGURE 5.4 The semitendinosus tendon is passed into the calcaneus
tunnel
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FiGurE 5.5 The bioabsorbable interference screw is inserted over a
guide wire

using a bioabsorbable interference screw (Fig. 5.5) inserted
over a guide wire into the calcaneus.

5.3 Postoperative Regimen

The patient immobilized in a below knee weight bearing synthetic
cast boot. Post-operatively, patients are allowed to weight
bear as comfort allows with the use of elbow crutches [16, 17].
It would be unusual for a patient to weight bear fully at this
stage. After 2 weeks, the cast is removed and an Aircast boot
with five heel wedges (XP Walker, DJO Ltd, Guilford,
England) is applied, and physiotherapy is commenced pre-
venting dorsiflexion of the ankle, focusing on proprioception,
plantar-flexion of the ankle, inversion and eversion [16, 17].
During this period of rehabilitation, the patient is permitted
to weight bear as comfort allows with the boot in situ,
although full weight bearing rarely occurs and patients usually
still require the assistance of a single elbow crutch as this
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stage. One heel wedge is removed every other week, and the
boot may be finally removed after 6 weeks. We do not use a
heel raise after removal of the boot, and patients normally
regain a plantigrade ankle over 2 or 3 weeks [16, 17].

5.4 Discussion

Wound breakdown is a challenging complications in AT
reconstruction surgery, with open techniques having a 9 %
superficial infection rate [23]. To minimize the rate of infection
after AT reconstruction, 2 less invasive techniques of recon-
struction of AT have been already described using peroneus
brevis [4] and semitendinous autologus tendon graft [14].

These techniques allow reconstruction of the AT using
tendon autografts preserving skin integrity, and can be espe-
cially used to reconstruct the AT in the presence of previous
surgery [4]. When occurs a chronic avulsion at the tendon
insertion, a reconstruction of the enthesis is required. When
the tendon avulses from the posterior calcaneus, it may do so
without bony element. The tendon of semitendinosus is long
and strong, and provides a robust reconstruction to the AT. It
has showed good integration rate when used in anterior cruciate
ligament surgery with interference screws [29]. A free semi-
tendinosus graft does not deprive the knee of motor strength
and power, is safe, and, given its length, can be used to bridge
large gaps [3]. The great advantage of this technique is that it
allows to perform a semitendinosus tendon transfer preserving
skin integrity.

Preservation of skin cover during reconstruction proce-
dures is clearly an advantage, as the skin is not injured by the
operation, and protects the reconstruction beneath. As with
all surgery performed through small incisions, the procedure
is technically demanding. Careful incision placement is
required together with skin retraction to allow visualization
of the tendon ends and to permit the reconstruction. This
technique preserve skin cover of the reconstruction site, and,
although reconstruction is always risky, it may extend the
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indications for surgery in patients prone to wound complications
such as vasculopathy and diabetic patients who present with
a large gap.
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Chapter 6

Percutaneous Longitudinal
Tenotomies for Chronic
Achilles Tendinopathy

J.S. Young, M.K. Sayana, V. Testa, F. Spiezia,
U.G. Longo, and Nicola Maffulli

6.1 Introduction

Athletic tendinopathy is an overuse condition causing pain
and swelling in and around tendons [8], not only restricted to
athletes, but 25-30 % of patients are nonathletes [1].
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The Achilles tendon is commonly affected by this condition,
due to continuous prolonged intense functional demands
imposed on it especially in sportsman [2, 14, 17, 23]. Surgery
is recommended for patients in whom non-operative man-
agement has proved ineffective for at least 6 months.
24-45.5 % of the patients with Achilles tendon problem fail
to respond to conservative treatment and eventually require
surgical intervention [3, 6, 12].

Each patient should be managed on an individual basis,
and appropriate work up for theatre should be instituted. All
patients should have a full history and examination and the
diagnosis of Achilles tendinopathy should be established.

Patients can complain of burning pain in the posterior
aspect of the calf and ankle, often worse at the beginning of a
training session, and after exercise. Some patients have
difficulty taking the first few steps in the morning. Pain during
activities of daily living, include prolonged walking and stair
climbing. Clinical diagnosis is mostly based on palpation and
on the use of the painful arc sign [21]. In paratendinopathy,
the area of tenderness and thickening remains fixed in rela-
tion to the malleoli when the ankle is moved from full
dorsiflexion into plantarflexion. If the lesion lies within the
tendon, the point of tenderness and any swelling associated
with it move with the tendon as the ankle is brought from full
dorsiflexion into plantarflexion. In mixed lesions, both motion
and fixation of the swelling and of the tenderness can be
detected in relation to the malleoli [10, 19].

6.2 Surgical Technique

There are different surgical techniques for tendinopathy [4, 5,
11, 15, 16, 18, 20], but the objective is to excise fibrotic
adhesions, remove degenerated nodules and make multiple
longitudinal incisions in the tendon to detect intratendinous
lesions and to restore vascularity, and possibly stimulate the
remaining viable cells to initiate cell matrix response and
healing [13].
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Management of paratendinopathy includes releasing the
crural fascia on both sides of the tendon. Adhesions around
the tendon are then trimmed; the hypertrophied adherent
portions of the paratenon are excised [3]. In tenolysis, classi-
cally longitudinal tenotomies are made along the longitudinal
axis of the tendon in the abnormal tendon tissues, excising
areas of mucinoid degeneration. Reconstruction procedure
may be required if large lesions are excised [7].

The paratenon and crural fascia are incised and dissected
from the underlying tendon. If necessary, the tendon is freed
from adhesions on the posterior, medial and lateral aspects.
The paratenon should be excised obliquely as transverse
excision may produce a constriction ring, which may require
further surgery [21]. Areas of thickened, fibrotic and inflamed
tendon are excised. The pathology is identified by the change
in texture and color of the tendon. The lesions are then
excised, and the defect can either be sutured in a side-to-side
fashion or left open. Open procedures on the Achilles tendon
can lead to difficulty with wound healing due to the tenuous
blood supply and increased chance of wound breakdown
and infection. Hemostasis is important, since the reduction
of postoperative bleeding speeds up recovery, diminishes
the chance of wound infection and diminishes any possible
fibrotic inflammatory reaction.

In patients with isolated Achilles tendinopathy with no
paratendinous involvement and a well-defined nodular lesion
less that 2.5 cm long, multiple percutaneous longitudinal
tenotomies can be used when conservative management has
failed. An ultrasound scan can be used to confirm the precise
location of the area of tendinopathy.

In this chapter two techniques for the percutaneous
management of Achilles tendinopathy are discussed [10, 20].
Although the techniques reported in this article are performed
under local anesthesia, there is a small chance that general
anesthesia may be necessary, and therefore baseline investiga-
tions such as blood tests, ECG and chest radiographs should be
undertaken if deemed necessary. Patients should have DVT
prophylaxis. Valid informed consent should be achieved prior
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to the operation, and the patient should be aware of risks of
infection, bleeding, wound and scar problems, operation failure,
and that further surgery may be required.

6.3 Multiple Percutaneous Longitudinal
Tenotomies

Patients are operated as day cases. The patient lies prone on
the operating table with the feet protruding beyond the edge,
and the ankles resting on a sandbag. A bloodless field is not
necessary. The tendon is accurately palpated, and the area of
maximum swelling and/or tenderness marked, and checked
again by US scanning. The skin and the subcutaneous tissues
over the Achilles tendon are infiltrated with 10-15 ml of plain
1 % lignocaine (Lignocaine Hydrochloride, Evans Medical
Ltd, Leatherhead, England).

A number 11 surgical scalpel blade is inserted parallel to the
long axis of the tendon fibers in the marked area(s) with the
cutting edge pointing cranially. Keeping the blade still, a full
passive ankle dorsi-flexion movement is produced. After
reversing the position of the blade, a full passive ankle plantar-
flexion movement is produced. A variable, but probably in the
region of 3 cm long, area of tenolysis is thus obtained through a
stab wound. The procedure is repeated 2 cm medial and proxi-
mally, medial and distally, lateral and proximally and lateral and
distally to the site of the first stab wound. The five wounds are
closed with steristrips, dressed with cotton swabs, and a few layers
of cotton wool and a crepe bandage are applied.

6.4 Ultrasound Guided Percutaneous
Tenotomy

Patients are operated as outpatients. The patient lies prone
on the examination couch with the feet protruding beyond
the edge, and the ankles resting on a sandbag. A bloodless
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FIGURE 6.1 11-scalpel blade inserted into the predetermined area
with sharp edge pointing caudally

field is not necessary. The tendon is accurately palpated, and
the area of maximum swelling and/or tenderness marked, and
checked by US scanning. The skin is prepped with an antiseptic
solution, and a sterile longitudinal 7.5 MHz probe is used to
image again the area of tendinopathy. Before infiltrating the
skin and the subcutaneous tissues over the Achilles tendon
with 10 ml of 1 % Carbocaina (Pierrel, Milan, Italy), 7 ml of
0.5 % Carbocaina are used to infiltrate the space between the
tendon and the paratenon, to try and distend the paratenon
and break the adherences that may be present between the
tendon and the paratenon.

Under US control, a number 11 surgical scalpel blade
(Swann-Morton, England) is inserted parallel to the long axis
of the tendon fibers in the centre of the area of tendinopathy,
as assessed by high resolution US imaging (Fig. 6.1). The cut-
ting edge of the blade points caudally, and penetrates the
whole thickness of the tendon (Fig. 6.2a, b). Keeping the
blade still, a full passive ankle flexion is produced (Fig. 6.3).
The scalpel blade is then retracted to the surface of the ten-
don, inclined 45° on the sagittal axis, and the blade is inserted
medially through the original tenotomy (Fig. 6.4). Keeping
the blade still, a full passive ankle flexion is produced. The
whole procedure is repeated inclining the blade 45° laterally
to the original tenotomy, inserting it laterally through the
original tenotomy (Fig. 6.4). Keeping the blade still, a full pas-
sive ankle flexion is produced. The blade is then partially
retracted to the posterior surface of the Achilles tendon,
reversed 180°, so that its cutting edge now points cranially,
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FIGURE 6.2 (a, b) The blade penetrating the whole thickness of the
Achilles tendon
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FiGURE 6.3 (a, b) Passive ankle flexion is produced



62 J.S. Young et al.

FIGURE 6.4 Procedure
repeated with blade
inclining the 45° medial and
45° lateral to the original
tenotomy
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and the whole procedure repeated, taking care to dorsiflex
the ankle passively (Figs. 6.5a, b and 6.6a, b). Preliminary
cadaveric studies showed that a tenotomy 2.8 cm long on
average is thus obtained through a stab wound in the main
body of the tendon [10]. A steristrip (3M United Kingdom
PLC, Bracknell, Berkshire, England) can be applied on the
stab wound, or the stab wound can be left open [9]. The
wound is dressed with cotton swabs, and a few layers of
cotton wool and a crepe bandage are applied.

6.5 Post-operative Management

On admission, patients are taught to perform isometric
contractions of their triceps surae. Patients are instructed to
perform the isometric strength training at three different
angles, namely at maximum dorsi-flexion, maximum plantar
flexion and at a point midway between the two.

The foot is kept elevated on the first postoperative day, and
non-steroidal anti-inflammatory medications are given for
pain control. Early active dorsi- and plantar-flexion of the foot
are encouraged [22]. On the second postoperative day,
patient are allowed to walk using elbow crutches weight-
bearing as able. Full weight-bearing was allowed after 2 or 3
days, when the bandage is reduced to a simple adhesive plas-
ter over the wounds. Stationary bicycling and isometric, con-
centric and eccentric strengthening of the calf muscles are
started under physiotherapy guidance after 4 weeks. Swimming
and water running are encouraged from the second week.
Gentle running is started 4-6 weeks after the procedure, and
mileage gradually increased.

Patients normally discontinue physiotherapy by the sixth
post-operative month.

6.6 Discussion

The management of Achilles tendinopathy aims to return the
patient to a similar level of activity prior to acquiring tendi-
nopathy in the shortest possible time without significant
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FiGURE 6.5 (a,b) The blade is reversed 180°
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FIiGURE 6.6 (a, b) The sequence of tenotomies repeated with ankle
dorsiflexion and the 45° medial and 45° lateral inclination to the
initial tenotomy
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residual pain. Physiotherapy and conservative treatment
should be the first form of management.

If conservative measures fail, percutaneous longitudinal
tenotomy is simple, requires only local anesthesia, and can be
performed without a tourniquet. If post-operative mobilization
is carried out early, preventing the formation of adhesions, this
will allow the return to high levels of activity in the majority.
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Chapter 7

Minimally Invasive Stripping

for Chronic Achilles
Tendinopathy

Nicola Maffulli, Umile Giuseppe Longo,
Chandrusekar Ramamurthy, and Vincenzo Denaro

7.1 Introduction

The etiology of pain in Achilles tendinopathy is widely debated,
with recent evidence that neo-vascularization and neo-innervation
may be responsible [2,4, 5,9, 11, 13, 16]. Neo-vascularization is
often present in patients with tendinopathy, and the area in
which patients perceive most pain correlates with the area
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where most neo-vascularization occurs on power Doppler
ultrasound scan (US) [16].

During eccentric calf-muscle contraction, the flow in the
neovessels disappears on ankle dorsiflexion [2]. The good
clinical effects with eccentric training may result from the
interference on the neovessels and accompanying nerves.
Also, local anaesthetic injected in the area of neovascularisation
outside the tendon resulted in a pain-free tendon, indicating
that this area is involved in pain generation [2, 17].

A pilot study injecting a commercially available sclerosing
agent into and around the neo-vessels [2, 15] significantly
reduced pain in eight of ten patients. A similar study of patellar
tendinopathy, which has a similar histological picture to
Achilles tendinopathy, gave equally encouraging results [1, 3].

Recently, the same group has developed an arthroscopic
approach to this issue. They proposed arthroscopic shaving of
the area with neovessels and nerves on the posterior aspect of
the patellar tendon in patients with patellar tendinopathy [19].

In this chapter we describe a minimal invasive technique of
stripping of neovessels from the Kager’s triangle of the AT is
performed. This achieves safe and secure breaking of neo-vessels
and the accompanying nerve supply.

7.2 Surgical Technique

The patient undergoes local or general anesthesia, according
to surgeon or patient preferences. The patient is positioned
prone with a calf tourniquet which is inflated to 250 mmHg
after exsanguination. Skin preparation is performed in the
usual fashion.

Four skin incisions are made. The first two incisions are 0.5 cm
longitudinal incisions at the proximal origin of the Achilles tendon,
just medial and lateral to the origin of the tendon. The other two
incisions are also 0.5 cm long and longitudinal, but 1 cm distal to
the distal end of the tendon insertion on the calcaneus.
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4

FIGURE 7.1 A mosquito is inserted in the proximal incisions

A mosquito is inserted in the proximal incisions (Fig. 7.1),
and the Achilles tendon is freed of the peritendinous adhesions.
A Number 1 unmounted Ethibond (Ethicon, Somerville, NJ)
suture thread is inserted proximally, passing through the two
proximal incision (Fig. 7.2). The Ethibond is retrieved from
the distal incisions (Fig. 7.3), over the posterior aspect of the
Achilles tendon. Using a gentle see-saw motion, similar to
using a Gigli saw, the Ethibond suture thread is made to slide
posterior to the tendon (Fig. 7.4), which is stripped and freed
from the fat of Kager’s triangle.

The procedure is repeated for the posterior aspect of the
Achilles tendon.

If necessary, using an 11 blade, longitudinal percutaneous
tenotomies parallel to the tendon fibers are made [10, 14, 18].

The subcutaneous and subcuticular tissues are closed in
a routine fashion, and Mepore (Molnlycke Health Care,
Gothenburg, Sweden) dressings are applied to the skin.
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FIGURE 7.2 A Number 1 Ethibond (Ethicon, Somerville, NJ) is
inserted proximally, passing through the two proximal incision over
the anterior aspect of the Achilles tendon

Ficurk 7.3 The Ethibond is retrieved from the distal incisions
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FiGUre 7.4 The Ethibond is slid over the anterior aspect of the
Achilles tendon with a gentle see-saw motion. The whole process is
repeated over the posterior aspect of the tendon

A removable scotch cast support with Velcro straps can be
applied if deemed necessary.

7.3 Postoperative Regimen

Post-operatively, patients are allowed to mobilize fully weight
bearing. After 2 weeks, the cast, if used is removed, and physio-
therapy is commenced, focusing on proprioception, plantar-flexion
of the ankle, inversion and eversion.

7.4 Discussion

The source of pain and the background to the pain mechanisms
associated with chronic AT have not been scientifically
clarified [9].
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In ATs with chronic painful tendinopathy, but not in normal
pain-free tendons, there is neovascularization outside and inside
the ventral part of the tendinopathic area [1,2,9, 11, 13].

The pathogenetic significance of the neovascularisation is
unknown, but several theories can be proposed. The increased
vascularization often seen in biopsies from patients with AT
who underwent surgery is a part of a reparative response in
the tendon [7, 11, 12]. Reparative processes associated with
neovascularisation are probably inadequate [1, 2].

Surgery should be offered to patients with chronic recalcitrant
tendinopathy [8].

The percentage of patients requiring surgery is around
25 % [6], depending on poorly understood biochemical and
molecular events leading to AT [9]. Surgery is successful in up
to 85 % of patients [7], even though postoperative ultrasound
examination often shows a widened tendon with hypo-echoic
areas. This has led to hypotheses of a possible denervation of
the tendon as one of the explanations to the frequently favorable
effect of surgery [7].

The rationale behind this technique is that the sliding of
the Ethibond breaks the neo-vessels and the accompanying
nerve supply, therefore decreasing the pain in patients with
chronic Achilles tendinopathy.

Classically, open surgery for midsubstance tendinopathy
of the AT has provided good results [9]. However, wound
complications can occur with these procedures [9]. One possible
advantage of this minimal invasive technique could be reduction of
infection risks. It is, furthermore, technically easy to master, and
inexpensive. It may provide greater potential for the management
of recalcitrant AT by breaking neo-vessels and the accompanying
nerve supply to the tendon. It can be associated with other minimally
invasive procedures to optimize results.
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Acute AT ruptures (cont.)
subcuticular Biosyn suture 3.0, 18
wound healing problems, 16, 22

Aircast boot with heel wedges, 50

C
Calf squeeze test, 16
Carbocaina, 59
Careful incision placement, 33
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Percutaneous longitudinal
tenotomies
Chronic avulsions, invasive
reconstruction
advantages, 51
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transcalcaneal suture technique, 46
in vasculopathy and diabetic
patients, 51-52
wire passed through tunnel, 47, 48
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Cincinnati incision, 46, 47
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neo-vessels breakage, 74
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F
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H
Hemostasis, 57

K
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M
Matles test, 16
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careful incision placement, 43
chronic tear, 36
description, 35
distal Achilles tendon stump, 37
distal wound, 39, 40
gastro-soleus AT complex, 42
harvesting, 39
postoperative management, 4142
pre-operative anatomical markings,
skin, 36
proximal tendon, 37-38
reconstruction, AT, 36
stages, skin incisions, 3637
sural nerve injury, 42
transverse tenotomy, 41
Vicryl locking suture, 38
wound complications, 36
Multiple percutaneous longitudinal
tenotomies, 58
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post-operative management, 63
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guided percutaneous tenotomy)

ultrasound scan, 57
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advantages, 32

careful incision placement, 33

closed wounds, 29, 31

description, 25
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longitudinal incision, 28, 29

incisions, 26

locking suture, bundles
separation, 27, 28
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one extremity passed, transverse
tenotomy, 29, 31

S
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skin integrity preservation, 51
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arthroscopic approach, 70
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wound complications, 74
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Sural nerve injury, 42

T

The Maffulli procedure. See Acute
Achilles tendon ruptures

Transcalcaneal suture technique, 46

Transverse tenotomy, 41
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Ultrasound guided percutaneous
tenotomy
ankle dorsiflexion, 45° medial and
45° lateral inclination, 63, 64
blade inclining, 45° medial and 45°
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blade penetration, Achilles tendon,
59, 60
Carbocaina, 59
outpatients, 58
passive ankle flexion, 59, 61
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Velcro straps, 73
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w
Wound healing problems, 16, 22
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