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Qur goal in preparing the second edition of Clinical
Orthopaedic Rehabilitation was to widen the scope of avail-
able information for the musculoskeletal practitioner. The
expanded material should prove relevant to physical ther-
apists, orthopaedic surgeons, family practitioners, athletic
trainers, chiropractors, and others who treat muscu-
loskeletal disorders.

We have attempted to provide sound examination
techniques, classification systems, differential diagnoses,
treatment options, and rehabilitation protocols for com-
mon musculoskeletal problems. With this material the
clinician who suspects de Quervain’s tenosynovitis of the
wrist, for example, may easily look up the appropriate ex-
amination, differential diagnosis, treatment options, and
rehabilitation protocol.

Although the literature describing orthopaedic
surgery techniques and acute fracture care is sound and
comprehensive, there has been a relative paucity of infor-
mation concerning nonoperative and postoperative reha-

Preface

bilitative care. This void exists even though rehabilitative
therapy often has as much or greater an impact as the
initial surgery does on the long-term results. A techni-
cally superb surgery may be compromised by improper
postoperative rehabilitative techniques which allow scar
formation, stiffness, rupture of incompletely healed tissue,
or loss of function.

Many of the current rehabilitation protocols are em-
pirically based. They have been shaped by years of trial
and error with a large number of patients. Changes in
rehabilitation protocols will be improved in the future
by more clinical research and biomechanical studies. At
present, however, the principles outlined in this text
are those accepted by most orthopaedic surgeons and
therapists.

We hope that the practitioner will find this text to
be a concise, easy-to-use guide for performing precise ex-
aminations, formulating effective treatment options, and
achieving successful rehabilitation of orthopaedic injuries.

Xi
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Chapter 1

Hand and Wrist Injuries
S. Brent Brotzman, MD, James H. Calandruccio, MD,

Flexor Tendon Injuries

Extensor Tendon Injuries
Fractures and Dislocations

Nerve Compression Syndromes
Nerve Injuries

Replantation

Dupruyten’s Contracture
Arthroplasty

Whrist Disorders

Intersection Syndrome of the Wrist
Dorsal and Volar Carpal Ganglion Cysts

and Jesse B. Jupiter, MD

Flexor Tendon Injuries

Important Points for Rehabilitation
after Flexor Tendon Injury or Repair

Repaired tendons subjected to appropriate early mo-
tion stress will increase in strength more rapidly and
develop fewer adhesions than immobilized repairs.
The A2 and A4 pulleys are the most important to
the mechanical function of the finger. Loss of a sub-
stantial portion of either may diminish digital motion
and power or lead to flexion contractures of the in-
terphalangeal (IP) joints.
The flexor digitorum superficialis (FDS) tendons lie
on the palmar side of the flexor digitorum profundus
(FDP) until they enter the Al entrance of the digital
sheath. The FDS then splits (at Champer’s chiasma)
and terminates into the proximal half of the middle
phalanx.
As much as 9 cm of flexor tendon excursion is re-
quired to produce composite wrist and digital flexion.
Only 2.5 cm of excursion are required for full digital
flexion when the wrist is stabilized in the neutral po-
sition.
Tendons in the hand have both intrinsic and extrin-
sic capabilities for healing.
Factors that influence the formation of excursion-
restricting adhesions around repaired flexor tendons
include
® Amount of initial trauma to the tendon and its
sheath.

® Tendon ischemia.
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® Tendon immobilization.
* Gapping at the repair site.
¢ Disruption of the vincula (blood supply), which
decreases the recovery of tendon excursion.
¢ Lacerations of the palmar aspect of the finger will al-
most always injure the FDP before severing the FDS.
¢ Delayed primary repair results (within the first 10
days) are equal to or better than immediate repair of
the flexor tendon.
* Immediate (primary) repair is contraindicated in pa-
tients with
¢ Severe multiple tissue injuries to the fingers or
palm.
® Wound contamination.
e Significant skin loss over the flexor tendons.

Rehabilitation Rationale and Basic Principles
of Treatment after Flexor Tendon Repair

Timing
The timing of flexor tendon repair influences the re-
habilitation and outcome of flexor tendon injuries.

® Primary repair is done within the first 12 to 24 hours
after injury.

e Delayed primary repair is done within the first 10 days
after injury.

If primary repair is not done, delayed primary repair should
be done as soon as there is evidence of wound healing without
infection.

o Secondary repair is done 10 and 14 days after injury.
® Late secondary repair is done more than 4 weeks after
injury.

After 4 weeks, it is extremely difficult to deliver the
flexor tendon through the digital sheath, which usually
becomes extensively scarred. However, clinical situations
in which the tendon repair is of secondary importance of-
ten make late repair necessary, especially for patients with
massive crush injuries, inadequate soft tissue coverage,
grossly contaminated or infected wounds, multiple frac-
tures, or untreated injuries. If the sheath is not scarred or
destroyed, single-stage tendon grafting, direct repair, or
tendon transfer can be done. If extensive disturbance and
scarring have occurred, two-stage tendon grafting with a
Hunter rod should be used.

Before tendons can be secondarily repaired, these re-
quirements must be met:

® Joints must be supple and have useful passive range
of motion (ROM) (Boyes’ grade 1 or 2, Table 1-1).
Restoration of passive ROM is aggressively obtained
with rehabilitation before secondary repair is done.

® Skin coverage must be adequate.

® The surrounding tissue in which the tendon is ex-
pected to glide must be relatively free of scar tissue.

Table 1-1
Boyes’ Preoperative Classification
Grade Preoperative Condition
1 Good: minimal scar with mobile joints and no trophic
changes
2 Cicatrix: heavy skin scarring due to injury or previous
surgery; deep scarring due to failed primary repair or
infection
3 Joint damage: injury to the joint with restricted range
of motion
4 Nerve damage: injury to the digital nerves resulting in

trophic changes in the finger

5 Multiple damage: involvement of multiple fingers with a
combination of the above problems

® Wound erythema and swelling must be minimal or
absent.

® Fractures must have been securely fixed or healed
with adequate alignment.

® Sensation in the involved digit must be undamaged
or restored, or it should be possible to repair damaged
nerves at the time of tendon repair directly or with
nerve grafts.

¢ The critical A2 and A4 pulleys must be present or
have been reconstructed. Secondary repair is delayed
until these are reconstructed. During reconstruction,
Hunter (silicone) rods are useful to maintain the lu-
men of the tendon sheath while the grafted pulleys
are healing.

Anatomy

The anatomic zone of injury of the flexor tendons in-
fluences the outcome and rehabilitation of these injuries.
The hand is divided into five distinct flexor zones (Fig.
1-1):

® Zone |—from the insertion of the profundus tendon
at the distal phalanx to just distal to the insertion of
the sublimus.

¢ Zone 2—Bunnell’s “no-man’s land”™: the critical area
of pulleys between the insertion of the sublimus and
the distal palmar crease.

® Zone 3—*“area of lumbrical origin™ from the begin-
ning of the pulleys (A1) to the distal margin of the
transverse carpal ligament.

® Zone 4—area covered by the transverse carpal liga-
ment.

® Zone 5—area proximal to the transverse carpal liga-
ment.

As a rule, repairs to tendons injured outside the flexor
sheath have much better results than repairs to tendons injured
inside the sheath (zone 2).

[t is essential that the A2 and A4 pulleys (Fig. 1-2)
be preserved to prevent bowstringing. In the thumb, the
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bell's Operative Orthopaedics, 9th ed. St. Louis, Mosby, 1998.)

\‘N \3<lnw4<éiitiii“ ”
‘

Chapter 1: Hand and Wrist Injuries 3

Al and oblique pulleys are the most important. The
thumb lacks vinculum for blood supply.

Tendon Healing

The exact mechanism of tendon healing is still un-
known. Healing probably occurs through a combination
of extrinsic and intrinsic processes. Extrinsic healing de-
pends on the formation of adhesions between the tendon
and the surrounding tissue, providing a blood supply and
fibroblasts, but unfortunately, it also prevents the tendon
from gliding. Intrinsic healing relies on synovial fluid for
nutrition and occurs only between the tendon ends.

Flexor tendons in the distal sheath have a dual
source of nutrition via the vincular system and synovial
diffusion. Diffusion appears to be more important than
perfusion in the digital sheath (Green, 1993).

Several factors have been reported to affect tendon
healing.

¢ Age—The number of vincula (blood supply} de-
creases with age.

® General health— Cigarettes, caffeine, and poor gen-
eral health delay healing. The patient should refrain
from caffeine and cigarettes during the first 4 to 6
weeks after repair.

Figure 1-2. A, Uninvolved hand showing position of the pulleys and synovial
sheaths of the fingers. B, Normal anatomy of the pulley system. (4, Modified
from Idler RS: Anatomy and biomechanics of the digital flexor tendons. Hand
Clin 1:6, 1985, Gary W. Schnitz, artist; B, from Idier RS: Helping the patient
who has wrist or hand tenosynovitis. ] Musculoskel Med 14[2]:21-35, 1997.
Artist: Charles H. Boyter.)
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e Scar formation—The remodeling phase is not as ef-
fective in patients who produce heavy keloid or scar.

¢ Motivation and compliance—Motivation and the
ability to follow the postoperative rehabilitation regi-
men are critical factors in outcome.

e Level of injury—Zone 2 injuries are more apt to
form limiting adhesions from the tendon to the sur-
rounding tissue. In zone 4, where the flexor tendons
lie in close proximity to each other, injuries tend to
form tendon-to-tendon adhesions, limiting differen-
tial glide.

¢ Trauma and extent of injury— Crushing or blunt in-
juries promote more scar formation and cause more
vascular trauma, impairing function and healing. In-
fection also impedes the healing process.

¢ Pulley integrity—Pulley repair is important in restor-
ing mechanical advantage (especially A2 and A4)
and maintaining tendon nutrition through synovial
diffusion.

* Surgical technique—Improper handling of tissues
(such as forceps marks on the tendon) and excessive
postoperative hematoma formation trigger adhesion
formation.

The two most frequent causes for failure of primary tendon
repairs are formation of adhesions and rupture of the repaired
tendon.

Through experimental and clinical observation, Du-
ran and Houser (1975) determined that 3 to 5 mm of

Rehabilitation Protocol

Zones 1, 2, and 3

Modified Duran Protocol {(Cannon)

Prerequisites

e Compliant patient.
® Clean or healed wound.
® Repair within 14 days of injury.

1-3 Days to 4.5 Weeks

® Remove bulky compressive dressing and apply light
compressive dressing.
¢ Use digital-level fingersocks or Coban for edema control.
e Fit dorsal blocking splint (DBS) to wrist and digits for
continual wear with the following positions:
® Wrist— 20 degrees flexion.
¢ Metacarpophalangeal (MCP) joints— 50 degrees flex-
ion.
¢ Distal interphalangeal (DIP) and proximal interpha-
langeal (PIP) joints—full extension.
e Initiate controlled passive mobilization exercises, includ-
ing passive flexion/extension exercises to DIP and PIP
joints individually.

After Immediate or Delayed Primary Repair of Flexor Tendon Injury in

tendon glide is sufficient to prevent motion-limiting ten-
don adhesions. Exercises are thus designed to achieve this
motion.

Treatment of Flexor Tendon Lacerations

¢ Partial laceration involving less than 25% of the ten-
don substance can be treated by beveling the cut
edges.

¢ Lacerations between 25% and 50% can be repaired
with 6-0 tunning nylon suture in the epitenon.

¢ Lacerations involving more than 50% should be con-
sidered complete and should be repaired with a core
suture and an epitenon suture.

e FDP lacerations should be repaired directly or ad-
vanced and reinserted into the distal phalanx with a
pull-out wire, but should not be advanced more than
1 cm to avoid the quadregia effect (a complication of
a single digit with limited motion causing limitation
of excursion and, thus, the motion of the uninvolved
digits).

Rehabilitation after Flexor Tendon Repair

The rehabilitation protocol chosen depends on the tim-
ing of the repair (delayed primary or secondary), the loca-
tion of the injury (zones 1 through 5), and the compli-
ance of the patient (early mobilization for compliant
patients and delayed mobilization for noncompliant pa-
tients and children younger than 7 years of age).

Text continued on page 12

¢ Composite passive flexionfextension exercises to MCP,
PIP, DIP joints of digits (modified Duran program).

Figure 1-3. Passive flexion and extension exercises of the
proximal interphalangeal (PIP) joint in a dorsal blocking
splint (DBS).




ehabilitation Protocol

2ones 1, 2, and 3 (Continued)

Modified Duran Protocol (Cannon)

Figure 1-4. Passive flexion and extension exercises of the
distal interphalangeal (DIP) joint in a DBS.

Active extension should be within the restraints of the
DBS. If full flexion is not obtained, the patient may be-
gin prolonged flexion stretching with Coban or taping.

¢ Eight repetitions each of isolated passive flexionfexten-
sion exercises of PIP, DIF, and MCP joints within the
DBS (Figs. 1-3 to 1-5).

4.5 Weeks

* Continue the exercises and begin active ROM for fin-
gers and wrist flexion, allowing active wrist extension to
neutral or O degrees of extension only.

Patient should perform hourly exercise with the splint
removed, including composite fist, wrist flexion and ex-
tension to neutral, and composite finger flexion with the
wrist immobilized (Fig. 1-6).

Have the patient perform fist to hook fist (intrinsic mi-
nus position) exercise to extended fingers (Fig. 1-7).

e Watch for PIP joint flexion contractures. If an extension
lag is present, add protected passive extension of the PIP
joint with the MCP joint held in flexion. This should
be done only by reliable patients or therapists. The PIP
joint should be blocked to 30 degrees of flexion for 3
weeks if a concomitant distal nerve repair is done.
Patients may reach a plateau in ROM 2 months after
surgery, but maximal motion is usually achieved by 3
months after surgery.

g
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After Immediate or Delayed Primary Repair of Flexor Tendon Injury in

Figure 1-5. Combined passive flexion and extension exer-
cises of the metacarpophalangeal (MCP), PIP, and DIP joints.

5 Weeks

® Functional electrical stimulation (FES) can be used to
improve tendon excursion. Consider the patient’s quality
of primary repair, the nature of the injury, and the med-
ical history before initiating FES.

5.5 Weeks

® Add blocking exercises for PIP and DIP joints to previ-
ous home program.

¢ Discontinue DBS.

e Focus on gaining full passive ROM for flexion. Do not
begin passive extension stretching at this time. A re-
straining extension splint can be used and positioned in
the available range if tightness is noted.

6 Weeks

¢ Begin passive extension exercises of wrist and digits.

¢ Fit extension resting pan splint in maximal extension if
extrinsic flexor tendon tightness is significant; frequently
the patient may need only an extension gutter splint for
night wear.

8 Weeks

® Begin resistive exercises with sponges or a Nerf ball and
progress to putty and a hand-helper.

¢ Allow use of the hand in light work activities, but no
lifting or heavy use of the hand.

-

Figure 1-6. Wrist is bent in flexion with a composite fist (A4), then the wrist and fingers are extended (B).

continued

5
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Rehabilitation Protocol
After Inmediate or Delayed Primary Repair of Flexor Tendon Injury in
Zones 1, 2, and 3 (Continued)

Modified Duran Protocol (Cannon)

A B
Figure 1-7. Patient makes a fist (4), then straightens the MCP joints (“back knuckles”) (B). Then the fingers are
straightened with the wrist in neutral (C).

Patients with associated digital nerve repair with some
degree of tension at the nerve site should be fitted with a
separate digital DBS in 30 degrees of PIP joint flexion. This
splint is worn for 6 weeks and is progressively adjusted into
increased extension during that time frame (see the section
on Digital Nerve Repair).

10-12 Weeks ‘
¢ Allow full use of the hand in all daily activities. ‘
e Use a work stimulator or strengthening program to im-

prove hand strength. ‘
|

The greatest achievement in total motion is seen between
12 and 14 weeks after surgery. It is not uncommon for the
patient’s ROM to plateau between 6 and 8 weeks.

[Many of the rehabilitarion protocols in this chapter are taken from Diagnosis and Treatment Manual for Physicians and Therapists, 3rd ed., by Nancy

Cannon, OTR, The Hand Rehabilitation Clinic of Indiana, PC. We highly recommend this manual as a detailed reference text for hand therapy.]

Rehabilitation Protocol

Early Mobilization after iImmediate or Delayed Primary Repair of Flexor
Tendon Injuries in Zones 4 and 5

Modified Duran Protocol (Cannon)

3 Weeks
¢ Begin active ROM exercises (including blocking) 10 to
15 minutes each hour; exercises can be done within the
restraints of DBS.
* FES or electrical muscle stimulation (EMS) can be initi-

Prerequisites
¢ Compliant patient.
¢ Clean or healed wound.
® Repair within 14 days of injury.

7-10 Days ated to improve tendon excursion within 2 days of initi-
¢ Remove bulky compressive dressing and apply light ation of active ROM.

¢ Use digital-level fingersocks or Coban for edema techniques to remodel scar tissue and minimize subcuta-
control. neous adhesions.
e Fit DBS to wrist and digits for continual wear with the
following positions:
® Wrist— 30 degrees palmar flexion.
* MCP joints—50 degrees flexion.
® DIP and PIP joints—full extension.
® Begin hourly passive ROM exercises in flexion and exten-
sion within the restraints of DBS (See Figs. 1-3 to 1-5).

4.5 Weeks
¢ Begin active ROM exercises of the wrist and digits out-
side of DBS. If nerve repair has been done at the wrist
level, ROM exercises are done within the splint to alle-
viate additional stress at the nerve repair site (see digital

l

compressive dressing. ) * Begin scar massage, scar retraction, and scar remodeling
\
! nerve repair section).




Chapter 1: Hand and Wrist Injuries 7

*

Rehabilitation Protocol

Early Mobhilization after Immediate or Delayed Primary Repair of Flexor
Tendon Injuries in Zones 4 and 5 (Continued)

Modified Duran Protocol (Cannon)

6 Weeks 10-12 Weeks

¢ Discontinue DBS. * Allow full use of the injured hand.

¢ Begin passive ROM exercises of the wrist and digits.

¢ A full-extension resting pan splint or a long dorsal out-
rigger with a lumbrical bar can be used if extrinsic flexor

Once active ROM exercise is begun at 3 weeks, it is impor-
tant to emphasize blocking exercises along with the com-
. . . L posite active ROM exercises. If the patient is having diffi-
tightness is present. Generally, this type of splinting is . . B
; . . culty regaining active flexion, it is important to carefully
necessary with this level of repair. . ) .
. monitor progress and request frequent patient visits to max-

R .
Do not allow lifting or }lleavy'use of the hand. | imize flexion. The first 3 to 7 weeks after surgery are critical
¢ Begin gentle strengthening with a Nerf ball or putty. 1 for restoring tendon excursion

7 Weeks ‘

¢ May progress strengthening to include use of a hand-

helper. |

Rehabilitation Protocol

After Inmediate or Delayed Primary Repair of Flexor Tendon Injuries
in Zones 1, 2, and 3

Modified Early Motion Program (Cannon)

Prerequisites 5.5 Weeks
¢ Compliant, motivated patient. ¢ Begin blocking exercises of DIP and PIP joints, as out-
¢ Good repair. | lined in the Modified Duran Protocol (see Figs. 1 -3 and
* Wound healing. 1-4).
1-3 Days 6 Weeks
® Remove bulky compressive dressing and apply light ¢ Discontinue DBS.
compressive dressing. . Begin passive ROM exercises in extension of wrist and
e Use digital-level fingersocks or Coban for edema control. digits as needed.
¢ Fit DBS to wrist and digits for continual wear with the | Begin extension splinting if extrinsic flexor tendon
following positions: ‘ tightness or PIP joint contracture is present.
® Wrist— 20 degrees palmar flexion. ‘
* MCP joints— 50 degrees flexion. ‘ 8 Weeks
e DIP and PIP joints—full extension. [ ® Begin progressive strengthening.
* Begin hourly passive ROM exercises in flexion and ex- I @ Do not allow lifting or heavy use of the hand.
tension within the restraints of DBS (refer to the Modi- \
fied Duran Protocol earlier in this chapter). ‘ 10-12 Weeks

. Allow full use of the hand, including sports.
3 Weeks |

) . - ) . ‘ This protocol differs from the Modified Duran Protocol be-
® Begin active ROM exercises in flexion and extension - i . . . oy
S . . . cause the patient can begin active ROM exercises within
within the restraints of DBS four to six times a day, in

addition to the Modified Duran Protocol (eatlier in this | the restraints _Of the DBS at 3 weeks instead of exercising
out of the splint at 4.5 weeks.

chapter).

|

4.5 Weeks :
¢ Begin hourly active ROM exercises of wrist and digits J
outside of DBS. é

¢ Patient should wear DBS between exercise sessions and i
at night. |

———————————————————————————————————————
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Rehabilitation Protocol
Delayed Mobilization after Flexor Tendon Injury in Zones 1 through 5
in Noncompliant Patients
Cannon

Indications
* Crush injury.
® Younger than 11 years of age.
® Poor compliance and/or intelligence.
® Soft tissue loss, wound management problems.

3 Weeks

¢ Remove bulky compressive dressing and apply light
compressive dressing.
¢ Fit DBS to wrist and digits for continual wear with the
following positions:
® Wrist— 30 degrees palmar flexion.
¢ MCP joints— 50 degrees flexion.
® DIP and PIP joints—full extension.
® Begin hourly active and passive ROM exercises within
restraints of DBS; blocking exercises of PIP and DIP
joints may be included.
¢ Active ROM is begun eatlier than in other protocols be-
cause of longer (3 weeks) immobilization in DBS.

4.5 Weeks

® Begin active ROM exercises of digits and wrist outside
of DBS; continue passive ROM exercises within re-
straints of DBS.

¢ Use FES or EMS to improve tendon excursion.

¢ If an associated nerve repair is under degree of tension,
continue exercises within DBS that are appropriate for

Rehabilitation Protocol
Early Mobilization after Injury of the Flexor Pollicis Longus
of Thumb

Cannon

Prerequisites

¢ Compliant patient.
¢ Clean or healed wound.

1-3 Days to 4.5 Weeks

¢ Remove bulky compressive dressing and apply light
comptressive dressing.
e Use fingersocks or Coban on thumb for edema control.
¢ Fit DBS to wrist and digits for continual wear with the
following positions:
® Wrist— 20 degrees palmar flexion.
¢ Thumb MCP and IP joints—15 degrees flexion at
each joint.

|

6 Weeks

¢ Discontinue DBS.

® Begin passive ROM exercises in extension of wrist and
digits.

® Use extension testing pan splint for extrinsic flexor ten-
don tightness or joint stiffness.

® Do not allow lifting or heavy use of hand.

8 Weeks

® Begin progressive strengthening with putty and hand-
helper.

10-12 Weeks
® Allow full use of the hand.

This delayed mobilization program for digital-level to fore-
arm-level flexor tendon repairs is reserved primarily for sig-
nificant crush injuries, which may include severe edema or
wound problems. This program is best used for patients
whose primary repair may be somewhat “ragged” because of
the crushing or bursting nature of the wound. It is also in-
dicated for young children who cannot comply with an
early motion protocol, such as the Modified Duran Pro-
gram. [t is not indicated for patients who have a simple primary
repair.

the level of nerve repair for 6 weeks. ’

¢ Thumb carpometacarpal (CMC) joint— palmar ab-
duction.

It is important to ensure that the thumb IP joint is in 15

degrees of flexion and is not extended. When the IP joint
is left in a neutral position, restoration of IP joint flexion
can be difficult.

¢ Begin hourly controlled passive mobilization program
within the restraints of DBS:
e Eight repetitions passive flexion and extension of
MCP joints (Fig. 1-8).
® Eight repetitions passive flexion and extension of 1P
joints (Fig. 1-9).

—




Rehabilitation Protocol

of Thumb (Continued)

Cannon

Figure 1-8. Passive flexion and extension of the thumb
MCP joint.

¢ Eight repetitions passive flexion and extension in
composite manner of MCP and [P joints (Fig. 1-10).

4.5 Weeks

® Remove DBS each hour to allow performance of the fol-
lowing exercises:
o Ten repetitions active flexion and extension of wrist
(Fig. 1-11).
¢ Ten repetitions active flexion and extension of
thumb (Fig. 1-12).
¢ Continue passive ROM exercises.
® Patient should wear DBS between exercise sessions and
at night.

5 Weeks

¢ Use FES or EMS within the restraints of DBS to im-
prove tendon excursion.

Figure 1-9. Passive flexion and extension of the thumb in-
terphalangeal (IP) joint.

Chapter 1: Hand and Wrist Injuries

Early Mobilization after Injury of the Flexor Pollicis Longus

Figure 1-10. Passive flexion and extension of the MCP and
IP joints in the composite manner.

5.5 Weeks

® Discontinue DBS.
® Begin hourly active ROM exercises:
¢ Twelve repetitions blocking of thumb IP joint (Fig.
1-13).
¢ Twelve repetitions composite active flexion and ex-
tension of thumb.
e Continue passive ROM exercises as necessary.

6 Weeks

¢ Begin passive ROM exercises in extension of wrist and
thumb.

® If needed for extrinsic flexor tendon tightness in FPL, a
wrist and thumb static splint can be used to hold the
wrist and thumb in extension. Often, a simple extension
gutter splint in full extension can be used for night wear.

Figure 1-11. Active flexion and extension of the wrist.
continued
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Rehabilitation Protocol
Early Mobilization after Injury of the Flexor Pollicis Longus
of Thumb Continued)

Cannon

TR

Figure 1-12. Active flexion and extension of the thumb.

8 Weeks

® Begin progressive strengthening with a Nerf ball and
progress to a hand-helper.
e Do not allow lifting or heavy use of the hand.

10-12 Weeks

* Allow full use of the hand for most activities, including
sports.

® ROM generally begins to plateau at approximately 7 to
8 weeks after surgery.

\ e [f an associated digital nerve repair is under tension, po-

| sition the thumb in 30 degrees of flexion at the MCP

i and IP joints.

‘ If passive flexion is limited, taping or dynamic flexion

j splinting may be used.

® Scar management, including scar retraction, scar mas-
\ sage, and the use of Otoform or Elastomer, may be used
Figure 1-13. Blocking exercises of the thumb IP joint. ‘ at 2 weeks after surgery.

Rehabilitation Protocol
Delayed Mobilization after Injury of the Flexor Pollicis Longus
of Thumb

Cannon

Indications ® Use fingersock or Coban on thumb as needed for edema
control.
e Fit DBS to wrist and digits for continual wear with the
following positions:
® Wrist—30 degrees palmar flexion.
® Thumb MCP and IP joints—15 degrees flexion at
3 Weeks : each joint.
e Thumb CMC joint—palmar abduction.

¢ Crush injury.

® Younger than 7 years of age.

® Poor compliance and/or intelligence.

® Soft tissue loss, wound management problems.

® Remove bulky compressive dressing and apply light
compressive dressing.

“
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Delayed Mobilization after Injury of the Flexor Pollicis Longus

of Thumb (Continued)

Cannon

¢ Begin hourly active and passive ROM exercises within
the restraints of DBS, including blocking exercises.

o If passive flexion of the thumb is limited, taping or dy-
namic flexion splinting may be used.

¢ Begin scar massage and scar management techniques.

4.5 Weeks

¢ Begin hourly active ROM exercises of wrist and thumb
outside DBS.

® May use FES or EMS to improve tendon excursion of
flexor pollicis longus (FPL).

6 Weeks

¢ Discontinue DBS.

¢ Begin passive ROM exercises in extension of wrist and
thumb.

e If extrinsic flexor tendon tightness of the FPL is present,
a wrist and thumb static splint may be used as needed;

the patient should wear the splint between exercise ses-
sions and at night.
¢ Do not allow lifting or heavy use of the hand.

8 Weeks

® Begin progressive strengthening with a Nerf ball or putty.

10-12 Weeks

¢ Allow full use of the hand for most activities.

o If associated digital nerve repair is under tension, posi-
tion thumb MCP and IP joints in 30 degrees flexion to
minimize tension at repair site.

® Composite active flexion of the thumb tends to reach a
plateau between 9 and 10 weeks after surgery.

The delayed mobilization for FPL repairs is best reserved for
patients with crush injuries, soft tissue loss, wound manage-
ment problems, and those in whom end-to-end repair was

difficult.

1

Rehabilitation Protocol
After Two-stage Reconstruction for Delayed Tendon Repair
Cannon

Stage 1 (Hunter Rod)

Before Surgery
® Maximize passive ROM of digit with manual passive ex-
ercises, digital-level taping, or dynamic splinting.
¢ Use scar management techniques to improve suppleness
of soft tissues, including scar massage, scar retraction,
and use of Otoform or Elastomer silicone molds.
® Begin strengthening exercises of future donor tendon to
improve postoperative strength after stage 2 procedure.
* If needed for protection or assistance with ROM, use
buddy taping of the involved digit.
After Surgery
5-7 Days
® Remove bulky dressing and apply light compressive
dressing; use digital-level finger socks or Coban.
® Begin active and passive ROM exercises of hand for ap-
proximately 10 minutes, six times a day.
e Fit an extension gutter splint that holds the digit in full

extension to wear between exercise sessions and at night.

e If pulleys have been reconstructed during stage 1, use

taping for about 8 weeks during the postoperative phase.

3-6 Weeks
¢ Gradually wean patient from extension gutter splint;
continue buddy taping for protection.

The major goals during stage 1 are to maintain passive ROM
and to obtain supple soft tissues before tendon grafting.

Stage 2 (Free Tendon Graft)

After Surgery
¢ Follow instructions for the early motion program for in-
juries in zones 1 through 3 (Modified Duran Protocol
earlier in this chapter), or the delayed mobilization pro-
gram for injuries in zones 1 through 5.
For most patients, the Modified Duran Program is prefer-
able to the delayed mobilization program because it en-
courages greater excursion of the graft and helps main-
tain passive ROM through the early mobilization
exercises.
¢ Do not use FES before 5 to 5.5 weeks after surgery
because of the initial avascularity of the tendon graft.
Also consider the reasons for failure of the primary
repair.
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Trigger Finger (Stenosing Flexor
Tenosynovitis)

Steven J. Meyers, MD), and Michael L. Lee, MD

Background

Trigger finger is a painful snapping phenomenon
that occurs as the finger flexor tendons suddenly pull
through a tight A1l pulley portion of the flexor sheath.
The underlying pathophysiology of trigger finger is an
inability of the two flexor tendons of the finger (FDS
and FDP) to slide smoothly under the Al pulley, result-
ing in a need for increased tension to force the tendon
to slide and a sudden jerk as the tendon nodule sud-
denly pulls through the constricted pulley (triggering).
The triggering can occur with flexion or extension of
the finger or both. Whether this pathologic state arises
primarily from the Al pulley becoming stenotic or
from a thickening of the tendon remains controversial,
but both elements are usually found at surgery.

Clinical History and Examination

Trigger finger most commonly occurs in the thumb,
middle, or ring fingers of postmenopausal women and is
more common in patients with diabetes or rheumatoid
arthritis, Dupuytren’s contracture, and other tendinitis
(de Quervain’s tendinitis or lateral epicondylitis [“tennis
elbow™]). Patients present with clicking, locking, or pop-
ping in the affected finger that is often painful, but not
necessarily so.

Patients often have a palpable nodule in the area of
the thickened Al pulley (which is at the level of the dis-
tal palmar crease) (Fig. 1-14). This nodule can be felt
to move with the tendon and is usually painful to deep
palpation.

g
NS et

Figure 1-15. Midline palmar approach can be used for injection
of corticostercid into the flexor tendon sheath in patients with
trigger finger; however, approach from the lateral base of any
digit (except the thumb) is much less painful. (From Idler RS:
Helping the patient who has wrist or hand tenosynovitis. Part 2.
Managing trigger finger, de Quervain’s disease. J Musculoskel
Med 14[2]:62-75, 1997. Artist: Teri McDermott.)

To induce the triggering during examination, it
is necessary to have the patient make a full fist and then
completely extend the fingers, because the patient may
avoid triggering by only partially flexing the fingers.

Figure 1-14. Nodule or thick-
ening in the flexor tendon,
which strikes the proximal pul-
ley, making finger extension dif-
ficult. (From Idler RS: Helping
the patient who has hand
tenosynovitis. ] Musculoskel Med
14[21:62-67, 1997. Artist: Teri
McDermott.)



Rehabilitation Protocol
After Trigger Finger Cortisone Injection or Release

After injection

motion once the triggering resolves.

After trigger release surgery

Physical therapy usually is not necessary for motion because most patients are able to regain

0-4 days Gentle active MCP/PIP/DIP joint ROM (avoid gapping of wound).
4 days Remove bulky dressing and cover wound with Band-Aid.

4-8 days Continue ROM exercises. Remove sutures at 7-9 days.

8 days—3 weeks  Active/active-assisted ROM/passive ROM MCP/PIP/DIP joints.

3 weeks + Aggressive ROM and strengthening. Return to unrestricted activities.

Chapter 1: Hand and Wrist Injuries 13

Treatment

Spontaneous long-term resolution of trigger finger is
rare. If left untreated, the trigger finger will remain a
painful nuisance; however, if the finger should become
locked, the patient may develop permanent joint stiff-
ness. Historically, conservative treatment included splint-
ing of the finger in extension to prevent triggering, but
this has been abandoned because of stiffening and poor
result.

Currently, nonoperative treatment involves injection
of corticosteroids with local anesthetic into the flexor
sheath. The authors’ preference is 0.5 ml lidocaine, 0.5
ml bupivicaine, and 0.5 ml methoprednisolone acetate
(Depo-Medrol) (Fig. 1-15). A single injection can be ex-
pected to relieve triggering in about 66% of patients.
Multiple injections can relieve triggering in 75 to 85% of
patients.

About one third of patients will have lasting relief of symp-
toms with fewer than three injections, which means that about
two thirds will require surgical intervention.

Surgery of trigger finger is a relatively simple out-
patient procedure done with the patient under local
anesthesia. The surgery involves a 1- to 2-cm incision
in the palm to identify and completely divide the Al
pulley.

Pediatric Trigger Thumb

Pediatric trigger thumb is a congenital condition in
which stenosis of the Al pulley of the thumb in infants
causes locking in flexion (inability to extend) of the IP
joint. It often is bilateral. There usually is no pain or
clicking, because the thumb remains locked. About 30%
of children have spontaneous resolution by 1 year. The
rest require surgical intervention to release the tight Al
pulley by about 2 to 3 years of age to prevent permanent
joint flexion contracture. l

Flexor Digitorum Profundus Avulsion
(“Jersey Finger”)

S. Brent Brotzman, MD, Michael L. Lee, MD, and Steven J.
Meyers, MD

Background

Avulsion of the flexor digitorum profundus (FDP)
(“Jersey finger””) can occur in any digit, but is most com-
mon in the ring finger. This injury usually occurs when
an athlete grabs an opponent’s jersey and feels sudden
pain as the distal phalanx of the finger is forcibly ex-
tended as it is actively flexed (hyperextension stress ap-
plied to a flexed finger).

Lack of active flexion of the DIP joint (FDP func-
tion) must be specifically checked to make the diagnosis
(Fig. 1-16). Often the swollen finger assumes a position
of extension relative to the other, more flexed fingers.
The level of retraction of the FDP generally denotes the
force of the avulsion.

Leddy and Packer (1977) described three types of FDP
avulsions, based on where the avulsed tendon retracts.
The treatment is based on the anatomy of the injury.

Classification of Jersey Finger Injury (Flexor
Digitorum Profundus Avulsion)

Type | Injury

The avulsed FDP tendon retracts into the palm (no bony
fragment).

Both vincula are avulsed, disrupting the blood supply.

Early reattachment at the distal phalanx (<10 days) gives the

best results. After 2 weeks, tendon elasticity decreases,

preventing the tendon from reaching the distal phalanx.
continued
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Classification of Jersey Finger Injury (Flexor
Digitorum Profundus Avulsion) (Continued)

Type Il Injury
The most common type of FDP avulsion.

The avulsed tendon retreats where the tendon is trapped by
the FDS decussation and held by the vincula.

The vincula are intact.

The avulsion may or may not involve a bone fragment from
the distal phalanx.

Successful surgical repair may be delayed up to 3 months, if
needed, because of adequate tendon nutrition (vincula).

Early repair is the treatment of choice to avoid impaired DiP
joint motion and tendon gliding.

Type il Injury
A large bony fragment (from the distal phalanx) prevents
retraction past the level of the A1 pulley (middle phalanx).

The FDP blood supply remains intact, and the tendon is
nourished within the sheath.

Treatment involves reduction and stabilization of the bony
avulsion (suture anchors or pull-out wires).

Treatment

The treatment of FDP avulsion is primarily surgical.
The success of the treatment depends on the acuteness of
diagnosis, rapidity of surgical intervention, and level of
retraction. Tendons with minimal retraction usually have
significant bone fragments, which may be reattached

: . P ol )
y
X . 3
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Figure 1-16. With avulsion of the flexor digitorum profundus,
the patient is unable to flex the DIP jaint, shown here. (From
Regional Review Course in Hand Surgery. Rosemont, lllinois,
American Society of Surgery of the Hand, 1991, Fig. 7.)

bone-to-bone as late as 6 weeks. Tendons with a large
amount of retraction often have no bone fragment and
have distuption of the vascular supply (vinculum), mak-
ing surgical repair greater than 10 days after injury diffi-
cult because of retraction and the longer healing time of
weaker nonbone-to-bone fixation and limited bloed sup-
ply to the tepair.

Surgical salvage procedures for late presentation in-
clude DIP joint arthrodesis, tenodesis, and staged tendon
reconstructions.

Rehabilitation Protocol
After Surgical Repair of Jersey Finger
Brotzman and Lee

With Secure Bony Repair
0-10 Days
¢ DBS the wrist at 30 degrees flexion, the MCP joint 70
degrees flexion, and the PIP and DIP joints in full ex-
tension.
¢ Gentle passive DIP and PIP joint flexion to 40 degrees
within DBS.

¢ Suture removal at 10 days.

10 Days-3 Weeks

® Place into a removable DBS with the wrist at neutral
and the MCP joint at 50 degrees flexion.

¢ Gentle passive DIP joint flexion to 40 degrees, PIP joint |
flexion to 90 degrees within DBS. ‘

¢ Active MCP joint flexion to 90 degrees.

¢ Active finger extension of IP joints within DBS, 10 rep- [
etitions per hour. f

3-5 Weeks
¢ Discontinue DBS (5—6 weeks).
o Activefassisted MCP/PIP/DIP joint ROM exercises.

® Begin place-and-hold exercises.

5 Weeks +

» Strengthening/power grasping.

® Progress activities.

® Begin tendon gliding exercises.

* Continue passive ROM, scar massage.

¢ Begin active wrist flexion/extension.

e Composite fist and flex wrist, then extend wrist and

fingers.
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Rehabilitation Protocol

Brotzman and Lee

With Purely Tendinous Repair or Poor Bony
Repair
0-10 Days
® DBS the wrist at 30 degrees flexion and the MCP joint
at 70 degrees flexion.
® Gentle passive DIP and PIP joint flexion to 40 degrees
within DBS.
® Suture removal at 10 days.

10 Days—4 Weeks

¢ DBS the wrist at 30 degrees flexion and the MCP joint
at 70 degrees flexion.

e Gentle passive DIP joint flexion to 40 degrees, PIP joint
flexion to 90 degrees within DBS, passive MCP joint
flexion to 90 degrees.

* Active finger extension within DBS.

® Remove pull-out wire at four weeks.

4-6 Weeks

¢ DBS the wrist neutral and the MCP joint at 50 degrees
flexion.

After Surgical Repair of Jersey Finger (Continued)

¢ Passive DIP joint flexion to 60 degrees, PIP joint to 110
degrees, MCP joint to 90 degrees.

* Gentle place-and-hold composite flexion.

® Active finger extension within DBS.

¢ Active wrist ROM out of DBS.

6-8 Weeks
¢ Discontinue daytime splinting, night splinting only.
¢ Active MCP/PIP/DIP joint flexion and full extension.
8-10 Weeks
* Discontinue night splinting.
¢ Assisted MCP/PIP/DIP joint ROM.
¢ Gentle strengthening.
10 Weeks +
* More aggressive ROM.
® Strengthening/power grasping.
e Unrestricted activities.

Extensor Tendon Injuries

Anatomy

Extensor mechanism injuries are grouped into eight
anatomic zones according to Kleinert and Verdan (1983).
Odd-number zones overlie the joint levels so that zones

| 8

Figure 1-17. Extensor tendon zones.

1, 3, 5, and 7 correspond to the DIP, PIP, MCP, and wrist
joint regions, respectively (Figs. 1-17 and 1-18; Table
1-2).

Normal extensor mechanism activity relies on con-
certed function between the intrinsic muscles of the
hand and the extrinsic extensor tendons. Even though
PIP and DIP joint extension is normally controlled by
the intrinsic muscles of the hand (interossei and lumbri-
cals), the extrinsic tendons may provide satisfactory digi-
tal extension when MCP joint hyperextension is pre-
vented.

An injury at one zone typically produces compensatory
imbalance in neighboring zones; for example, a closed mal-
let finger deformity may be accompanied by a more strik-
ing secondary swan-neck deformity at the PIP joint.

Disruption of the terminal slip tendon allows the
extensor mechanism to migrate proximally and exert a
hyperextension force to the PIP joint by the central slip
attachment. Thus, extensor tendon injuries cannot be
considered simply static disorders.

Extensor Tendon Injuries in Zones 1 and 2

These injuries in children should be considered Salter-
Harris type II or III physeal injuries. Splinting of ex-
tremely small digits is difficult, and fixing the joint in full
extension for 4 weeks produces satisfactory results. Open
injuries are especially difficult to splint, and the DIP joint
may be transfixed with a 22-gauge needle (also see Mallet
Finger section).
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Rehabilitation Protocol
Treatment and Rehabilitation of Chronic Extensor Tendon Injuries
in Zones 1 and 2

Tenodermodesis

Tenodermodesis is a simple procedure
used in relatively young patients who
are unable to accept the mallet finger
disability. With the use of a local anes-
thetic, the DIP joint is fully extended
and the redundant pseudotendon is ex-
cised so that the edges of the tendon
coapt. A Kirschner wire may be used
temporarily to fix the DIP joint in full
extension.

Central Slip Tenotomy (Fowler)

With the use of a local anesthetic, the
insertion of the central slip is sectioned
where it blends with the PIP joint dor-
sal capsule. The combined lateral band
and the extrinsic contribution should
be left undisturbed. Proximal migration
of the dorsal apparatus improves the
extensor force at the DIP joint. A 10-
to 15-degree extensor lag at the PIP
joint may occur.

Oblique Retinacular Ligament
Reconstruction

® Reconstruction of the oblique retinac-
ular ligament is done for correction of
a chronic mallet finger deformity and
secondary swan-neck deformity. A
free tendon graft, such as the palmaris
longus tendon, is passed from the dor-
sal base of the distal phlanax and
volar to the axis of the PIP joint. The
graft is anchored to the contralateral
side of the proximal phalanx at the fi-
bro-osseous rim. Kirscher wires tem-
porarily fix the DIP joint in full
extension and the PIP joint in 10
to 15 degrees of flexion.

3-5 Days

¢ Remove the postoperative splint and
fit the DIP joint with an extension
splint. A pin protection splint may
be necessary if the pin is left ex-
posed; however, some patients have
their pins buried to allow unsplinted
use of the finger.

® PIP joint exercises are begun to
maintain full PIP joint motion.

5 Weeks
* Remove the Kirschner wire and be-
gin active DIP motion with interval
splinting.
¢ Continue nightly splinting for an

Extensor Tendon Injuries in Zones 4, 5,

and 6

0-2 Weeks
¢ The postoperative dressing maintains
the PIP joint at 45 degrees of flexion
and the DIP joint at O degrees.
2-4 Weeks
* Allow active DIP joint extension
and flexion.
* Allow full extension of the PIP joint
from 45 degrees of flexion.
4 Weeks
¢ Begin full finger motion exercises.

additional 3 weeks. weeks after the operation.

lization are not recommended. Complete distuptions of

3 Weeks
® Remove the bulky postoperative
dressing and sutures.
e Withdraw the PIP joint pin.
¢ Begin active flexion and extension
exercises of the PIP joint.

4-5 Weeks

e With the DIP joint K-wire.

¢ Begin full active and passive PIP
and DIP joint exercises.

¢ Supplement home exercises with a
supervised program over the next 2
to 3 weeks to achieve full motion.

¢ Continue internal splinting of the
DIP joint in full extension until 6

the dorsal expansion and central slip lacerations are re-

paired.

Normal function is usually possible after unilateral in-
juries to the dorsal apparatus, and splinting and immobi-

Rehabilitation Protocol
After Surgical Repair of Extensor Tendon Injuries in Zones 4, 5, and 6

0-2 Weeks

e Allow active and passive PIP joint exercises, keep the
MCP joint in full extension and the wrist in 40 degrees

of extension.

2 Weeks

} splint.

® Remove the sutures and fit the patient with a removable




Zones 4, 5, and 6 (Continued)

¢ Keep the MCP joints in full extension and the wrist in
neutral position.

¢ Continue PIP joint exercises and remove the splint for
scar massage and hygienic purposes only.

4-6 Weeks

® Begin MCP and wrist joint active flexion exercises with
interval and night splinting with the wrist in neutral
position.

Rehabilitation Protocol

After Surgical Repair of Extensor Tendon Injuries in
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® Over the next 2 weeks, begin active-assisted and gentle
passive flexion exercises.
6 Weeks

¢ Discontinue splinting unless an extensor lag develops at
the MCP joint.

¢ Use passive wrist flexion exercises as necessary.

Zone 5 Extensor Tendon Subluxations

Zone 5 extensor tendon subluxations rarely respond
to a splinting program. The affected MCP joint can be
splinted in full extension and radial deviation for 4
weeks, with the understanding that surgical intervention
will probably be required. Painful popping and swelling,
in addition to a problematic extensor lag with radial de-

Extensor

viation of the involved digit, usually require prompt re-
construction.

Acute injuries can be repaired directly, and chronic injuries
can be reconstructed with local tissue. Most reconstructive pro-
cedures use portions of the juncturae tendinum or extensor ten-
don slips anchored to the deep transverse metacarpal ligament
or looped around the lumbrical tendon.

digitorum
communis

Capitate

Lunate

Tl

a Distal extensor
T carpi radialis
T longus

Proximal pole of
TV the scaphoid

- ’
v
()
]
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Proximal second
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joint
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Figure 1-18. A and B, Extensor anatomy and extensor tendon zones. (A and B, From Kleinert HE, Schepel S, Gill T:

Flexor tendon injuries. Surg Clin North Am 61:267, 1981.)
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Rehabilitation Protocol
After Surgical Repair of Zone 5 Extensor Tendon Subluxation

2 Weeks

* Remove the postoperative dressing and sutures.

* Keep the MCP joints in full extension.

e Fashion a removable volar short arm splint to maintain
the operated finger MCP joint in full extension and ra-
dial deviation.

® Allow periodic splint removal for hygienic purposes and
scar massage.

¢ Allow full PIP and DIP joint motion.

Table 1-2

Zones of Extensor Mechanism Injury

Zone Finger Thumb
1 DIP joint IP joint
2 Middle phalanx Proximal phalanx
3 Apex PIP joint MCP joint
4 Proximal phalanx Metacarpal
5 Apex MCP joint
6 Dorsal hand
7 Dorsal retinaculum Dorsal retinaculum
8 Distal forearm Distal forearm

DIP, distal interphalangeal; IP interphalangeal; MCP, metacarpophalangeal; PIP,
proximal interphalangeal.

From Kleinert HE, Verdan C: Report of the committee on tendon injuries. J
Hand Surg 8:794, 1983.

4 Weeks

® Begin MCP joint active and active-assisted exercises
hourly with interval daily and full-time night splinting.

* At week 5, begin gentle passive MCP joint motion if
necessary to gain full MCP joint flexion.

6 Weeks

* Discontinue splinting during the day and allow full
activity.

Extensor Tendon Injuries in Zones 7 and 8

Extensor tendon injuries in zones 7 and 8 are usually
from lacerations, but attritional ruptures secondary to re-
mote distal radial fractures and rheumatoid synovitis may
occur at the wrist level. These may require tendon trans-
fers, free tendon grafts, or side-by-side transfers rather
than direct repair. The splinting program for these, how-
ever, is identical to that for penetrating trauma.

Repairs done 3 weeks or more after the injury may
weaken the extensor pollicis longus (EPL) muscle suffi-
ciently for electrical stimulation to become necessary for
tendon glide. The EPL is selectively strengthened by
thumb retropulsion exercises done against resistance with
the palm held on a flat surface.

Rehabilitation Protocol
After Surgical Repair of Extensor Tendon Injuries in Zones 7 and 8

0-2 Weeks

® Maintain the wrist in 30 to 40 degrees of extension with
postoperative splint.

¢ Encourage hand elevation and full PIP and DIP joint
motion to reduce swelling and edema.

e Treat any significant swelling by loosening the dressing
and elevating the extremity.

2-4 Weeks

® At 2 weeks, remove the postoperative dressing and
sutures.

e Fashion a volar splint to keep the wrist in 20 degrees of
extension and the MCP joints of the affected finger(s)
in full extension.

® Continue full PIP and DIP joint motion exercises and
initiate scar massage to improve skin-tendon glide dur-
ing the next 2 weeks.

4-6 Weeks

¢ Begin hourly wrist and MCP joint exercises, with inter-
val and nightly splinting over the next 2 weeks.

¢ From week 4 to 5, hold the wrist in extension during
the MCP joint flexion exercises and extend the MCP
joints during the wrist flexion exercises.

® Composite wrist and flexion flexion from the fifth week
forward. An MCP joint extension lag of more than 10
to 20 degrees requires interval daily splinting.

¢ Splinting program can be discontinued at 6 weeks.

6-7 Weeks

* Begin gentle passive ROM.
¢ Begin resistive extension exercises.
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Rehabilitation Protocol
After Repair of Extensor Pollicis Longus Laceration (Thumb)

After repair of thumb extensor tendon lacerations, regard-
less of the zone of injuty, apply a thumb spica splint with
the wrist in 30 degrees of extension and the thumb in 40
degrees of radial abduction with full retroposition.

0-2 Weeks

e Allow activity as comfortable in the postoperative
splint.

® Edema control measures include elevation and motion
exercises to the uninvolved digits.

2-4 Weeks

® At 2 weeks after repair, remove the splint and sutures.
Refit a thumb spica splint with the wrist and thumb po-
sitioned to minimize tension at the repair site as before.

¢ Fit a removable splint for reliable patients and permit
scar massage.

® The vocational interests of some patients are best suited
with a thumb spica cast.

¢ Continue edema control measures.

4-6 Weeks
¢ Fit a removable thumb spica splint for night use and in-
terval daily splinting between exercises.
¢ During the next 2 weeks, the splint is removed for
hourly wrist and thumb exercises.

Extensor Tenolysis

Indications

® Digital active or passive motion has reached a
plateau after injury.

® Restricted isolated, or composite active or passive
flexion of the PIP or DIP joint.

® Between weeks 4 and 5, thumb IP, MCP, and CMC
joint flexion and extension exercises should be done
with the wrist held in extension.

o Alternately, wrist flexion and extension motion is re-
gained with the thumb extension.

¢ After the fifth week, composite wrist and thumb exer-
cises are done concomitantly.

6 Weeks

¢ Discontinue the splinting program unless extensor lag
develops.

¢ Treat an extensor lag at the IP joint of more than 10
degrees with intermittent IP extension splinting in addi-
tion to nightly thumb spica splinting.

® Problematic MCP and CMC joint extension lags require
intermittent thumb spica splinting during the day and
night for an additional 2 weeks or until acceptable re-
sults are obtained.

¢ It may be necessary to continue edema control measures
for 8 weeks or longer.

¢ Use raping to gain full composite thumb flexion.

¢ Use electrical stimulation for lack of extensor pull-
through.

e Otherwise passively supple digit that exhibits an ex-
tensor lag (Fig. 1-19).

Surgical intervention for extension contractures fre-
quently follows an extensive period of presurgical therapy.
Patients who have been active in their rehabilitation are
more apt to appreciate that an early and postsurgical pro-

Extensor Lag

\ ~— Pro-Tenolysls

Posture

Active Flexion

Passive Flexion

Figure 1-19. Passive supple digit with an extensor lag is an indication for possible extensor tenolysis. (From
Strickland JW: The Hand: Master Techniques in Orthopaedic Surgery. Philadelphia, Lippincott-Raven, 1998.)
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Rehabilitation Protocol
After Extensor Tenolysis

0-24 Hours

* Apply a light compressive postoperative dressing to al-
low as much digital motion as possible. Anticipate
bleeding through the dressing, and implement exercises
hourly in 10-minute sessions to achieve as much of the
motion noted intraoperatively as possible.

1 Day-4 Weeks

® Remove the surgical dressings and drains at the first ther-
apy visit. Apply light compressive sterile dressings.

® Edema control measures are critical at this stage.

* Continue active and passive ROM exercises hourly
for 10- to 15-minute sessions. Poor IP joint flexion dur-
ing the first session is an indication for flexor FES. Ex-
tensor FES should be used initially with the wrist, MCP,
PIP, and DIP joints passively extended to promote maxi-
mal proximal tendon excursion. After several stimula-
tions in this position, place the wrist, MCPF, and PIP
joints into more flexion and continue FES.

* Remove the sutures at 2 weeks; dynamic flexion splints
and taping may be required.

® Use splints to keep the joint in question in full extension
between exercises and at night for the first 4 weeks. Ex-
tensor lags of 5 to 10 degrees are acceptable and are not
indications to continue splint wear after this period.

4-6 Weeks

¢ Continue hourly exercise sessions during the day for 10-
minute sessions. Emphasis is on achieving MCP and IP
joint flexion.

gram is vital to their final outcome. Presurgical patient
counseling should always be attempted to delineate the
immediate postsurgical tenolysis program. The quality of
the extensor tendon, bone, and joint encountered at
surgery may alter the intended program, and the surgeon
relays this information to the therapist and the patient.
Ideally, the surgical procedures are done with the patient
under local anesthesia or awakened from the general
anesthesia near the end of the procedure. The patient
can then see the gains achieved, and the surgeon can
evaluate active motion, tendon glide, and the need for
additional releases. Unusual circumstances may be well
served by having the therapist observe the operative pro-
cedure.

Frequently, MCP and PIP joint capsular and liga-
ment releases are necessary to obtain the desired
joint motion. Complete collateral ligament resection
may be required, and special attention may be neces-
sary in the early postoperative period for resultant insta-
bility.

Extensive tenolyses may require analgesic dosing be-
fore and during therapy sessions. Indwelling catheters also

——————————————————

® Continue passive motion with greater emphasis during
this period, especially for the MCP and IP joints.
* Continue extension night splinting until the sixth week.

6 Weeks

® Encourage the patient to resume normal activity.

¢ Edema control measures may be required. Intermittent
Coban wrapping of the digits may be useful in conjunc-
tion with an oral inflammatory agent.

* Banana splints (foam cylindrical digital sheaths) can also
be effective for edema control.

The therapist must have acquired some critical information
regarding the patient’s tenolysis. Specific therapeutic pro-
gram and anticipated outcomes depend on the following:

e The quality of the tendon(s) undergoing tenolysis.

¢ The condition of the joint the tendon acts about.

® The stability of the joint the tendon acts about.

® The joint motions achieved during the surgical proce-
dure. Passive motions are easily obtained; however, ac-
tive motions in both extension and flexion are even
more beneficial to guiding patient therapy goals.

Achieving maximal MCP and PIP joint flexion during the first
3 weeks is essential. Significant gains after this period are
uncommon.

may be needed for instillation of local anesthetics for this
purpose.

Mallet Finger (Extensor Injury—Zone 1)
Background

Avulsion of the extensor tendon from its distal inser-
tion at the dorsum of the DIP joint produces an extensor
lag at the DIP joint. The avulsion may occur with or
without a bony fragment avulsion from the dorsum of the
distal phalanx. This is termed a mallet finger of bony
origin, or mallet finger of tendinous origin (Figs. 1-20

Figure 1-20. Mallet finger of bony origin with detachment of the
extensor mechanism. (From Lairmore JR, Engber WD: Serious, but
often subtle, finger injuries. Physician Sports Med 26[6]:57, 1998.)
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Forced flexion

Figure 1-21. A, Stretching of the common extensor mecha-
nism. B, Mallet finger of tendinous origin (complete disruption
of the extensor tendon). C, Mallet finger of bony origin. (A-C,
Delee J, Drez D [eds]: Orthopaedic Sports Medicine. Philadel-
phia, WB Saunders, 1994, p. 1011.)

and 1-21). The hallmark finding of a mallet finger is a
flexed or dropped posture of the DIP joint (Fig. 1-22)
and an inability to actively extend or straighten the DIP
joint. The mechanism is typically forced flexion of the
fingertip, often from the impact of a thrown ball.

Classification of Mallet Finger
Doyle (1993) described four types of mallet injury:

Type I—extensor tendon avulsion from the distal

phalanx.

Type 1I—laceration of the extensor tendon.

Type Il1—deep avulsion injuring the skin and tendon.

Type IV—fracture of the distal phalanx with three

subtypes:

® Type IV A—transepiphyseal fracture in a child.

¢ Type IV B—less than half of the articular surface
of the joint involved with no subluxation.

® Type IV C—more than half of the articular sur-
face involved and may involve volar subluxation.
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Treatment

Abound and Brown (1968) found that several factors
are likely to lead to a poor prognosis after mallet finger
injury:

Age older than 60 years.

Delay in treatment of more than 4 weeks.

Initial extensor lag of more than 50 degrees.
Too short a period of immobilization (<4 wk).
Short, stubby fingers.

Peripheral vascular disease or associated arthritis.

The results of mallet finger treatment are not univer-
sally good by any method of treatment.

Continuous extension splinting of the DIP joint,
leaving the PIP free for 6 to 10 weeks (with a plastic stack
splint) is the typical treatment for mallet fingers of tendi-
nous origin (Fig. 1-23). If no extensor lag exists at 6
weeks, night splinting for 3 weeks and splinting during
sports activities for an additional 6 weeks are employed.

The patient must work on active ROM of the MCP
and PIP joints to avoid stiffening of these uninvolved
joints. At no point during the healing process is the
DIP joint allowed to drop into flexion, or the treatment
must be repeated from the beginning. During skin care
or washing, the finger must be held continuously in ex-
tension with the other hand while the splint is off.

Treatment of Mallet Finger (Fig. 1-24)

Type I: Tendinous Avulsion

Continuous extension splinting of the DIP joint (stack splint)
for 4 weeks.

Bedtime splinting for another 6 weeks.
Sports splinting for another 6 weeks.
Active ROM of MCP and PIP joints.

Type II: Laceration of Extensor Tendon

Surgical repair of tendon laceration.
See type | protocol.

Type Ill: Deep Avulsion of Skin and Tendon
Skin grafting.

Surgical repair of tendon laceration.

See type | protocol.

Type IV: Bony Origin

Type IV A—reduction of the fracture and splinting for 6
weeks, night splinting for 6 weeks.

Type IV B—reduction and spiinting for 6 weeks, night
splinting for 6 weeks.

Type IV C—(controversial) Splinting versus open reduction

and internal fixation (ORIF) with splinting versus
percutaneous pinning with splinting for 6 weeks.
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Figure 1-22. A, Mild mallet finger deformity (extensor lag at the DIP joint with an inability to extend the DIP joint)
seen as a flexed DIP joint. It is important to treat this acute injury before further tearing of the extensor tendon and
stretching of new scar tissue lead to greater deformity. B, No bony injury is seen on the radiograph. After 6 weeks in
a splint, the finger was nearly normal. C, Note that the palmar fragment is concentrically reduced with the middle
phalanx. In spite of a large dorsal fragment, which makes up more than one third of the articular surface, continu-
ous splinting for 8 weeks resulted in pain-free function with only a trivial decrease in ROM. D, Mallet finger with a
subluxated palmar fragment may need surgical reduction and internal fixation. Arrow points to the loss of concen-
tricity of the joint surfaces. E, Intraoperative radiograph shows reduction and pinning (arrow) through a dorsal-ulnar
approach without sectioning of the extensor tendon. Note the restored concentricity of the joint surface. (A—E, From
Vetter WL: How | manage mallet finger. Physician Sports Med 17[3]:17-24, 1989.)

Fractures and Dislocations of the Hand

Fractures and dislocations involving the hand are classi-
fied as stable or unstable injuries to determine the ap-
propriate treatment. Stable fractures are those that
would not displace if some degree of early digital motion
were allowed. Unstable fractures are those that displace
to an unacceptable degree if early digital motion is al-
lowed. Although some unstable fractures can be con-
verted to stable fractures with closed reduction, it is
very difficult to predict which of these will maintain
their stability throughout the early treatment phase. For
this reason, most unstable fractures should undergo
closed reduction and percutaneous pinning or ORIF to
allow early protected digital motion and thus prevent
stiffness.

Fractures that often require surgical intervention
include

® Open fractures.

e Comminuted displaced fractures.

¢ Fractures associated with joint dislocation or subluxa-
tion.

e Displaced spiral fractures.

e Displaced intra-articular fractures, especially around
the PIP joint.

e Fractures in which there is loss of bone.

e Multiple fractures.

Because of the hand's propensity to quickly form perma-
nently stiffening scar, unstable fractures must be surgically con-
verted to stable fractures (e.g., pinning) to allow early ROM ex-
ercises. Failure to employ early ROM will result in a stiff hand
with poor function regardless of bony healing.
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Figure 1-23. A, Use of a stack splint at the DIP joint for closed treatment of mallet finger (note
extension lag). The splint is held in place with paper or adhesive tape. B, Active ROM exercises
of the PIP joint employed to keep the joint from stiffening during DIP joint immobilization. (A
and B, From Regional Review Course in Hand Surgery. Memphis, American Society of Surgery of
the Hand, 1991, Fig. 13.)

Rupture or Laceration Avulsion Transepiphyseal
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Figure 1-24. Algorithm for treatment of various mallet finger conditions. (Adapted from Dam-
ron TA, Lange RW, Engber WD: Mallet fingers: a review and treatment algorithm. Int J Orthop

Trauma 1:105, 1991))
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TG b

Figure 1-25. Position of immobilization of the hand involves
splinting the wrist in approximately 30 degrees of extension, the
MCP joints in 60 to 80 degrees of flexion, and the IP joints in
full extension. (From Delee J, Drez D [eds]: Orthopaedic Sports
Medicine. Philadelphia, WB Saunders, 1994.)

Metacarpal and Phalangeal Fractures

Nondisplaced metacarpal fractures are stable injuries and
are treated with application of an anterior-posterior splint
in the position of function: the wrist in 30 to 60 degrees of
extension, the MCP joints in 70 degrees of flexion, and the
IP joints in O to 10 degrees of flexion. In this position, the
important ligaments of the wrist and hand are maintained
in maximal tension to prevent contractures (Fig. 1-25).

Allowing early PIP and DIP joint motion is essential.
Motion prevents adhesions between the tendons and the
underlying fracture and controls edema. The dorsal fiber-
glass splint should extend from below the elbow to the fin-
gertips of all the involved digits and one adjacent digit.
The anterior splint should extend from below the elbow to
the distal aspect of the proximal phalanx (Fig. 1-26A), al-
lowing the patient to resume PIP and DIP joint active flex-
ion and extension exercises immediately (see Fig. 1-26B).

Comminuted phalangeal fractures, especially those that
involve diaphyseal segments with thick cortices, may be
slow to heal and may require fixation for up to 6 weeks
(Fig. 1-27).

Rehabilitation Protocol
After Metacarpal or Phalangeal Fracture

0-4 Weeks

® Before pin removal, begin active ROM exercises while
the therapist supports the fracture site.

4-6 Weeks

e Active and active-assisted intrinsic stretching exercises
(i.e., simultaneous MCP joint extension and IP joint
flexion) are recommended.

A B

Figure 1-26. Anterior (A) and posterior fiberglass splints typically
used to treat metacarpal and proximal phalangeal fractures. (B)
PIP and DIP joint flexion and extension are allowed. The anterior
splint should extend 2 ¢m distal to the level of the fracture.

3-5 weeks
5-7 weeks
Bl 10-14 weeks

Cortex thick
@ ®/ almost no
l cancellous bone

T

Figure 1-27. Time required for fracture healing varies, depend-
ing on the ratio of cortical to cancellous bone at the fracture
site. Healing is slowest where the ratio of cortical to cancellous
bone is highest. (Redrawn from Wilson RE, Carter MS: Manage-
ment of hand fractures. In Hunter JM, Schneider LH, Mackin EJ,
Callahan AD [eds]: Rehabilitation of the Hand. St. Louis, Mosby,
1990, p. 290.)

e Prevent PIP joint flexion contractures by ensuring that
the initial splint immobilizes the PIP joint in an almost
neutral position.

e When the fracture is considered solid on radiograph, a
dynamic splinting program can be started. The LMB dy-
namic splint and the Capner splint are quite useful.
They should be worn for 2-hour increments, 6 to 12




Rehabilitation Protocol

hours a day (Fig. 1-28) and alternated with dynamic
flexion strapping (Fig. 1-29).

Figure 1-28. Dynamic PIP joint extension splint (LMB, or
Louise M. Barbour).

After Metacarpal or Phalangeal Fracture (Continued)
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e Therapy may be prolonged for up to 3 to 6 months after
injury.

Figure 1-29. Flexion strap used to help regain PIP and DIP
joint motion.

Proximal Interphalangeal (PIP) Joint Injuries
(Fig. 1-30; Table 1-3)

Volar PIP joint dislocations are less common than dorsal
dislocations and are often difficult to reduce by closed

techniques because of entrapment of the lateral bands
around the flare of the proximal phalangeal head. If not

treated properly, these injuries may result in a bouton-

niere deformity (combined PIP joint flexion and DIP

joint extension contracture). Usually, the joint is stable

After Closed Reduction

® An extension gutter splint is fitted for continuous wear
with the PIP joint in neutral position.

¢ The patient should perform active and passive ROM ex-
ercises of the MCP and DIP joints approximately six
times a day.

¢ PIP joint motion is not allowed for 6 weeks.

Begin active ROM exercises at 6 weeks in

combination with intermittent daytime splinting

and continuous night splinting for an additional 2

weeks.

Rehabilitation Protocol

After Volar Proximal Interphalangeal Joint Dislocation or Avulsion Fracture

after closed or open reduction; however, static PIP joint
extension splinting is recommended for 6 weeks to allow
healing of the central slip.

Awulsion fractures involving the dorsal margin of the
middle phalanx occur at the insertion of the central slip.
These fractures may be treated by closed technique; how-
ever, if the fragment is displaced more than 2 mm proxi-
mally with the finger splinted in extension, ORIF of the
fragment is indicated.

After ORIF

® The transarticular pin is removed between 2 and 4
weeks after the wound has healed.

¢ Continuous splinting in an extension gutter splint is
continued for a total of 6 weeks.

® The remainder of the protocol is similar to that after
closed reduction.

Extension splinting is continued as long as an extensor lag is
present, and passive flexion exercises are avoided as long as an
extension lag of 30 degrees or more is present.
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Figure 1-30. A, Skeleton of the proximal phalanx is surrounded by gliding structures, which are crucial
for digital function. B, PIP joint is stabilized by a “three-dimensional ligament-box complex,” consisting of
collateral ligaments and a thick volar or palmar plate. ¢ PIP joint in its normal anatomy (top). A tear in
the three-dimensional ligament-box complex (middle) results in a stable injury. An unstable PIP fracture-dis-
location (bottom) occurs when stabilizers remain attached to a fragment that contains more than 40% of
the articular surface. (A, From Jupiter JB, Axelrod TS, Belsky MR: Fractures and dislocations of the hand. In
Browner B, Jupiter JB, Levine AM, Trafton PG [eds]: Skeletal Trauma, 2nd ed. Philadelphia, WB Saunders,
1998, pp. 1225-1342; B and C, from Lairmore JR, Engber WD: Serious, but often subtle, finger injuries.
Physician Sports Med 26[6]:57, 1998.)
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Rehabilitation Protocol
After Dorsal Fracture-Dislocation of the Proximal Interphalangeal Joint

e If the injury is believed to be stable after closed reduc-
tion, a dorsal blocking splint (DBS) is applied with the
PIP joint in 30 degrees of flexion. This allows full flex-
ion but prevents the terminal 30 degrees of extension.

¢ After 3 weeks, the DBS is adjusted at weekly intervals
to increase PIP joint extension by about 10 degrees each
week.

® The splint should be in neutral position by the sixth
week, then discontinued.

® An active ROM program is begun, and dynamic exten-
sion splinting is used as needed.

® Progressive strengthening exercises are begun at 6 weeks.

Dorsdl fracture-dislocations of the PIP joint are much
more common than volar dislocations. If less than 50% of
the articular surface is involved, these injuries usually are
stable after closed reduction and protective splinting.

Dorsal fracture-dislocations involving more than
40% of the articular surface may be unstable, even with

the digit in flexion, and may require surgical interven-
tion. The Eaton volar plate advancement is probably the
most common procedure used (Fig. 1-31). The fracture
fragments are excised, and the volar plate is advanced
into the remaining portion of the middle phalanx. The
PIP joint usually is pinned in 30 degrees of flexion.

Table 1-3

Managing Proximal Interphalangeal (PIP) Joint Injuries of the Hand

Injury

Clinical Manifestations or
Special Considerations

Treatment

Sprain

Open dislocation

Dorsal PIP dislocation
Type 1

Type 2

Type 3

Lateral dislocation

Volar PIP dislocation
Straight volar dislocation

Ulnar or radial volar displacement

Stable joint with active and passive motion;
negative radiographs; pain and swelling only

Dislocated exposed joint

Hyperextension, volar plate avulsion, minor
coliateral ligament tear

Dorsal dislocation, volar plate avulsion,
major collateral ligament tear

Stable fracture-dislocation: <40% of
articular arc on fracture fragment

Unstable fracture dislocation: >40% of
articular arc on fracture fragment

Secondary to collateral ligament injury and
avulsion and/or rupture of volar plate; angulation
>20 degrees indicates complete rupture

Proximal condyle causes significant injury
to central extensor slip (may reduce easily,
but extensor tendon may be seriously
injured; requires careful examination)

Condyle often buttonholes through central
slip and lateral band; reduction often
extremely difficult

Buddy tape for comfort; begin early ROM
exercises, ice, NSAIDs

Irrigation, débridement, and antibiotics; treat
as any open fracture or dislocation

Reduction; very brief immobilization, 3-5
days, followed by ROM exercises with buddy
taping and close x-ray follow-up

Same as type 1
Extension block splint; refer to hand surgeon

Extension block splint; open reduction with
internal fixation if closed treatment impossible;
refer to hand surgeon

Same as dorsal dislocation types 1 and 2
above if joint is stable and congruous
through active ROM

Refer to a hand surgeon experienced in these
rare injuries; closed reduction with traction
with metatarsophalangeal and PIP flexed and
extended wrist; full-extension immobilization
of PIP joint if post reduction x-rays show no
subluxation; if closed reduction is not achieved
or subluxation persists, surgery recommended

Same as straight volar PIP dislocation (above)

NSAIDs, nonsteroidal anti-inflammatory drugs; PIP, proximal interphalangeal; ROM, range of motion.
From Laimore JR, Engber WD: Serious, but often subtle finger injuries. Physician Sports Med 26(6):226, 1998.
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Rehabilitation Protocol
After Dorsal Fracture-Dislocation of the Proximal Interphalangeal Joint
involving More Than 40% of the Articular Surface

® At 3 weeks after surgery, the pin is removed from the
PIP joint and a DBS is fitted with the PIP joint in 30
degrees of flexion for continuous wear.

e Active and active-assisted ROM exercises are begun
within the restraints of the DBS.

Flexion contractures are not uncommon after this
pracedure. Agee (1987) described the use of an external
fixation combined with rubber bands that allows early
active ROM of the PIP joint in unstable fracture-disloca-
tions while maintaining reduction. The bulky hand dress-
ing is removed 3 to 5 days after surgery, and active ROM

Accessory
i Collateral
————— Ligament

Volar Plate

Volar Plate

ﬁ

® At 5 weeks, the DBS is discontinued and active and
passive extension exercises are continued.

* At 6 weeks, dynamic extension splinting may be neces-
sary if full passive extension has not been regained.

exercises are carried out for 10-minute sessions every 2
hours. Pins should be cleansed twice daily with cotton
swabs and hydrogen peroxide, protecting the base of the
pin with gauze. The external fixator can be removed
between 3 and 6 weeks, at which time an unrestricted
active and passive ROM exercise program is started.

Figure 1-31. A, Pathology of injury demonstrating loss of
collateral ligament support to the joint, producing marked in-
stability. Eaton volar plate arthroplasty is commonly used
when more than 40% comminution or impaction of the infe-
rior aspect of the middle phalanx of the PIP joint is present.
B, Sutures are passed through the lateral margins of the de-
fect, exiting dorsally. The comminuted fragment has been ex-
cised, and the volar plate is being advanced. C, Sutures are
tied over a padded button, drawing the volar plate into the
defect and simultaneously reducing the PIP joint. (A—C, From
Strickland JW: The Hand: Master Techniques in Orthopaedic
Surgery. Philadelphia, Lippincott-Raven, 1999.)

—_—_——
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Figure 1-32. Fingers are taped after disloca-
tion, fracture, or sprain. “Buddy taping” of
the injured finger to the adjacent finger
provides the best support for the joint.
(From Idier RS: Treatment of common hand
injuries. J Musculoskel Med 17[1]:pp. 73-77,
1996.)

Dorsal dislocations of the PIP joint without associ-
ated fractures are usually stable after closed reduction.
Stability is tested after reduction under digital block, and,
if the joint is believed to be stable, buddy taping (Fig.
1-32; Table 1-4) for 3 to 6 weeks, early active ROM ex-
ercises, and edema control are necessary. If instability is
present with passive extension of the joint, a DBS similar
to that used in fracture-dislocations should be used.

Intra-articular fractures involving the base of the
thumb metacarpal are classified as either Bennett frac-
tures (if a single volar ulnar fragment exists) or Rolando
fractures (if there is a T-condylar fracture pattern). These
fractures often displace because of the proximal pull of
the abductor pollicis longus (APL) on the base of the
proximal thumb metacarpal.

Nondisplaced Bennett fractures are treated in a short
arm thumb spica cast, which can be removed at 6 weeks if
the fracture has healed clinically. Active and gentle passive
ROM exercises are begun. At that time, the patient also is
fitted with a removable thumb spica splint. This should be
used between exercise sessions and at night for an addi-
tional 2 weeks. Strengthening exercises are then started,

Table 1-4 .
Materials for Taping the Injured Finger

1-inch white zinc oxide tape or elastic tape
Tape-adherent spray
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using silicone putty. The patient generally retumns to nor-
mal activity between 10 and 12 weeks. If there is persistent
joint subluxation after application of a short arm cast with
the thumb positioned in palmar and radial abduction,
closed reduction and percutaneous pinning are carried out.
After pinning, the thumb is placed in a thumb spica splint
and protected for 6 weeks. After the pin is removed, ther-
apy progresses as described for nondisplaced fractures.

Rolando fractures have a poor prognosis. The choice
of treatment usually depends on the severity of comminu-
tion and the degree of displacement. If large fragments
are present with displacement, ORIF with Kirschner wires
or a mini-fragment plate is done. If severe comminution
is present, manual molding in palmar abduction and im-
mobilization in a thumb spica cast for 3 to 4 weeks are
recommended. After stable internal fixation, motion can
be started at 6 weeks in a manner similar to that for Ben-
nett fractures.

Fifth Metacarpal Neck Fracture
(Boxer's Fracture)

Steven J. Meyers, MD, and Michael L. Lee, MD

Background

Metacarpal neck fractures are among the most com-
mon fractures in the hand. Fracture of the ffth
metacarpal is by far the most frequent and has been
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Figure 1-33. Malrotation of a fracture (and, thus, the finger).

termed a boxer’s fracture because the usual mechanism is a
glancing punch that does not land on the stronger second
and third metacarpals.

Clinical History and Examination

Patients usually have pain, swelling, and loss of mo-
tion about the MCP joint. Occasionally, a rotational de-
formity is present. Careful examination should be per-
formed to ensure that there is no malrotation of the

finger when the patient makes a fist (Fig. 1-33), no sig-
nificant prominence of the distal fragment (palmarly dis-
placed) in the palm, and no extensor lag of the involved
finger.

Radiographic Examination

On the lateral radiograph, the angle of the
metacarpal fracture is determined by drawing lines down
the shafts of the metacarpal and measuring the resultant
angle with a goniometer.

Treatment

Treatment is based on the degree of displacement, as
measured on a true lateral of the hand (Fig. 1-34).
Metacarpal neck fractures are usually impacted and angu-
lated, with the distal fragment displacing palmarly be-
cause of the intrinsic muscle pull. Excessive angulation
causes loss of the MCP joint knuckle and may cause the
palmar metacarpal head to be prominent during activi-
ties. Only about 10 degrees of angulation can be accepted in
second and third metacarpal neck fractures, whereas up to 30
degrees in the fourth metacarpal and 40 degrees in the fifth
metacarpal can be accepted because of greater mobility in the
fourth and fifth CMC joints.

If displacement is unacceptable, closed reduction can
be attempted with wrist block anesthesia using the ma-
neuver credited to Jahss (1938), in which the proximal
phalanx is flexed to 90 degrees and used to apply a dor-
sally directed force to the metacarpal head (Fig. 1-35).
The hand is then splinted in an ulnar gutter splint for
about 3 weeks with the MCP joint at 80 degrees of flex-

Figure 1-34. "Boxers” fracture. On the lat-
eral radiograph, a line is drawn down the
middle of each fracture fragment and the an-
gles are measured with a goniometer. More
than 40 degrees of angulation of the more
mobile fifth metacarpal neck fracture requires
reduction (maneuver of Jahss). If the fracture
is unstable, percutaneous pinning is often re-
quired.



Figure 1-35. Maneuver of Jahss. A, PIP joint is flexed 90 de-
grees, and the examiner stabilizes the metacarpal proximal to the
neck fracture, then pushes the finger to dorsally displace the volar
angulated boxer’s fracture to “straight.” B, Splint is molded in re-
duced position with the ulnar gutter in the position of function.
(A and B, From Regional Review Course in Hand Surgery. Rose-
mont, lllinois, American Society for Surgery of the Hand, 1991.)
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Figure 1-36. A, For application of a gutter splint, the patient’s
elbow should be flexed 90 degrees and the wrist dorsiflexed 10
to 15 degrees. Only the fourth and fifth fingers are included in
the splint. B8, Splint should extend from the end of the fifth fin-
ger to within two to four fingerbreadths of the antecubital
space. G, Splinting material should be wide enough to cover half
the circumference of the patient’s wrist. The moistened splint is
molded to the patient’s hand and wrist and is secured with elas-
tic wrap. Wrapping should be done from distal to proximal so
that edema can be pushed up and out of the extremity. Padding
(Webril) is wrapped around the fingers, wrist, and forearm under
the splint to avoid skin pressure. D, After the splint has been se-
cured, the hand must be positioned properly: 10 to 15 degrees
of dorsiflexion at the wrist; as close as possible to 90 degrees of
dorsiflexion at the MCP joints; and 10 to 15 degrees of flexion
at the PIP joints. (From Petrizzi MJ: Making an ulnar gutter splint
for a boxer’s fracture. Physician Sports Med 27[1]:111, 1999.)

ion, the PIP joint straight, and the DIP joint free (Fig.
1-36).

Rapid mobilization of the fingers is required to
avoid scarring, adhesions, and stiffness unrelated to the
fracture itself but rather to the propensity of an immobi-
lized hand to quickly stiffen.

Operative treatment of boxer’s fractures is indicated if

e Fracture alignment remains unacceptable (>40 de-
grees displacement).

e Late redisplacement occurs in a previously reduced
fracture.

e There is any malrotation of the finger.

Operative fixation usually involves percutaneous pin-
ning of the fracture, but ORIF may be required.

Fractures treated operatively still require about 3
weeks of immobilization. M



32  Clinical Orthopaedic Rehabilitation

Rehabilitation Protocol
After Boxer's Fracture
Brotzman and Lee

After Closed Treatment (Nonoperative)

0-1 Week
¢ Elevation of hand, icing, ulnar gutter splint with the
MCP joints at 80 degrees flexion, DIP joints are free.
* Active motion of nonimmobilized thumb, index, long
finger.
¢ Radiographs at 6—8 days (three views of the hand).

1-2 Weeks
¢ Continue active finger ROM of nonimmobilized joints.
o Radiographs at 2 weeks.

2-3 Weeks
® Remove ulnar gutter splint at 3 weeks and x-ray.
® Apply short arm cast (that allows active motion of the
fourth and fifth DIP, PIP, and MCP joints) for 3 more
weeks.

3-5 Weeks
¢ Activefgentle assisted ROM of the fourth and fifth fin-
gers.
® Passive extension.

5-7 Weeks
¢ Active/aggressive assisted/passive ROM of the fourth
and fifth fingers.
¢ Strengthening.
¢ Unrestricted activities.
® Radiographs at 6 weeks.

Injuries to the Ulnar Collateral
Ligament of the Thumb
Metacarpophalangeal Joint
(Gamekeeper’s Thumb)

S. Brent Brotzman, MD

Background

The classic “gamekeeper’s thumb” was first de-
scribed in Scottish gamekeepers. “Skier’s thumb” was
coined by Schultz, Brown, and Fox in 1973, with skiing
being the most common cause of acute rupture (e.g., af-
ter a fall causing the ski pole to stress the UCL of the
thumb).

Stability of the thumb on the ulnar side is main-
tained by four structures: the adductor aponeurosis, the
adductor pollicis muscle, the proper and accessory ulnar
collateral ligament (UCL), and the volar plate. The UCL
provides resistance to radially applied forces (e.g., pinch-
ing or holding large objects). A torn UCL weakens the

m

After Operative Treatment (K-Wire, ORIF)

0-1.5 Weeks
® Elevate, ice.
¢ Splinted with PIP joints and DIP joints free.
® Gentle active ROM of the PIP and DIP joints.
¢ Active ROM of the uninvolved fingers and thumb.
¢ Remove sutures if ORIF at 10-14 days.

1.5-3 Weeks
¢ Continue splinting with PIP and DIP joints free.
¢ Gentle active ROM of the PIP and DIP joints.
e Active ROM of the uninvolved fingers and thumb.
¢ Remove splint at 3 weeks.
e Remove pins at 3—6 weeks.

3-5 Weeks
¢ Buddy taping
¢ Activefassisted/passive ROM of the fourth and fifth fin-
gers.
® Passive extension of all joints.
5-7 Weeks
¢ Activefaggressive assisted/passive ROM of the fourth
and fifth fingers.
¢ Strengthening.
e Unrestricted activities.

key pinch grip strength and allows volar subluxation of
the proximal phalanx. With prolonged instability, the
MCP joint frequently degenerates.

The amount of valgus laxity of normal thumbs varies
widely. In full MCP joint extension, valgus laxity aver-
ages 6 degrees, and in 15 degrees of MCP joint flexion,
increases to an average of 12 degrees. The adductor
aponeurosis (when torn and pulled distally) occasionally
entraps the UCL, preventing anatomic reduction or heal-
ing (Stener lesion) (Fig. 1-37). The typical mechanism
of injury is an extreme valgus stress to the thumb (e.g.,
falling on an abducted thumb).

Evaluation

Patients typically have a history of a valgus injury to
the thumb followed by pain, swelling, and frequently ec-
chymosis at the ulnar aspect of the thumb MCP joint.
Palpation of the ulnar aspect of the MCP joint may re-
veal a small lump, which may be indicative of a Stener
lesion or avulsion fracture.
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Figure 1-37. A, In the thumb MCP joint, the adductor aponeu-
rosis covers the ulnar collateral ligament. 8, When thumb angu-
lation is sufficient, the ligament can rupture and displace. C, If
the ligament becomes trapped outside the aponeurosis, Stener
lesion results. Trapped ligament that is not surgically repaired
leads to chronic instabiiity. (From Lairmore IR, Engber WD: Seri-
ous, but often subtle, finger injuries. Physician Sports Med
26[6]:57, 1998.)

In addition to plain films (three views of the thumb
and carpus), valgus stress testing radiographs should be
obtained. Because acutely injured patients will guard from
pain, 1% lidocaine should be injected into the joint be-
fore stress testing. The integrity of the proper (ulnar col-
lateral) ligament is assessed by valgus stress testing with
the MCP joint of the thumb in 30 degrees of flexion.
This test can be done clinically or with radiographic doc-
umentation. There is some variation in the literature as
to the degree of angulation on valgus stressing that is

Rehabilitation Protocol
After Repair or Reconstruction of the Ulnar Collateral Ligament of the
Thumb Metacarpophalangeal Joint

3 Weeks
e Remove bulky dressing.
e Remove MCP joint pin (K-wire) if used for joint stabi-
lization.
® Fit with wrist and thumb static splint for continual wear.

6 Weeks

¢ Begin active and gentle passive ROM exercises of the
thumb for 10 minutes each hour.

* Avoid any lateral stress to the MCP joint of the
thumb.
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compatible with complete rupture of the UCL. Thirty to
35 degrees of radial deviation of the thumb on valgus
stressing indicates a complete UCL rupture and is an
indication for surgical correction. With complete rup-
tures (>30 degrees of opening), the likelihood of an
UCL ligament displacement (a Stener lesion) is greater

than 80%.

Treatment of Skier’s Thumb
Stable Thumb on Valgus Stressing (No Stener Lesion)

e The ligament is only partially torn, and healing will
occur with nonoperative treatment.

¢ The thumb is immobilized for 4 weeks in a short arm
spica cast or thermoplastic splint (molded), usually
with the thumb IP joint free.

® Active and passive thumb motion is begun at 3 to 4
weeks, but valgus is avoided.

e If ROM is painful at 3 to 4 weeks, re-evaluation by
physician is indicated.

® The thermoplastic splint is removed several times a
day for active ROM exercises.

¢ Grip-strengthening exercises are begun at 6 weeks af-
ter injury. A brace is worn for protection in contact
situations for 2 months.

Unstable Thumb on Valgus Stressing (>30 Degrees)

® Requires direct operative repair with a suture anchor
(Fig. 1-38).

® Because 80% of patients with a complete rupture are
found to have a Stener lesion (thus obtaining a poor
healing result if treated nonoperatively), it is critical
to make the correct diagnosis of stable versus unsta-
ble gamekeeper’s thumb.

® Begin dynamic splinting if necessary to increase passive
ROM of the thumb.

8 Weeks

¢ Discontinue splinting. Wrist and thumb static splint or
short opponens splint may be useful during sports-related
activities or heavy lifting.

¢ Begin progressive strengthening.

12 Weeks
® Allow the patient to return to unrestricted activity.
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Figure 1-38. A, During stress examination of skier’s thumb, the
physician stabilizes the metacarpal to prevent rotation, then applies
radial stress (arrows) to the distal end of the phalanx. With the
thumb in 30 degrees of flexion a valgus stress is applied. Test both
thumbs for symmetry, congenital laxity, etc. B, When complete rup-
ture of ulnar collateral ligament occurs, the distal end of the torn
ligament is usually displaced proximal and superfical to the proxi-
mal edge of the intact adductor aponeurosis. C, Division of the ad-
ductor aponeurosis is required for repair of the ligament. (4, From
Wadsworth LT: How | manage skiers thumb. Physician Sports Med
20[31:69, 1992; B and C, from Heyman P: Injuries to the ulnar col-
lateral ligament of the thumb MCP joint. J Am Acad Orthop Surg
5:224, 1997.)
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Nerve Compression Syndromes

Carpal Tunnel Syndrome

S. Brent Brotzman, MD

Background

Carpal tunnel syndrome (CTS) is relatively common
(the most common peripheral neuropathy), affecting 1%
of the general population. It occurs most frequently dur-
ing middle or advanced age, with 83% of 1215 study pa-
tients older than 40 years with a mean age of 54 years.
Women are affected twice as frequently as men.

The carpal tunnel is a rigid, confined fibro-osseous
space that physiologically acts as a “closed compartment.”
CTS is caused by compression of the median nerve at the
wrist. The clinical syndrome is characterized by pain,
numbness, or tingling in the distribution of the median
nerve (the palmar aspect of the thumb, index, and long
finger). These symptoms may affect all or a combination
of the thumb, index, long, and ring fingers. Pain and
paresthesias at night in the palmar aspect of the hand
(median nerve distribution) are common symptoms.

The prolonged flexion or extension of the wrists
under the patient’s head or pillow during sleep is be-

lieved to contribute to the prevalence of nocturnal
symptoms. Conditions that alter fluid balance (preg-
nancy, use of oral contraceptives, hemodialysis) may
predispose to CTS. CTS associated with pregnancy is
transitory and typically resolves spontaneously. There-
fore surgery should be avoided during pregnancy.

Types of Carpal Tunnel Syndrome

Acute Etiology
Sudden trauma
Wrist fracture
Crush injury
Burns

Gunshot wound

Chronic Etiology (Usually Idiopathic; Other Causes
Include:)

Extrinsic causes

Constrictive casts (must be released quickly and wrist
taken out of flexion and placed into neutral)




Types of Carpal Tunnel Syndrome (Continued)

Handcuffs
Tight gloves
Repetitive and forceful gripping and/or power vibrating tools

Intrinsic causes

Anatomic anomalies such as hypertrophy or proximal
location of lumbricals, palmaris longus, or palmaris
profundus

Inflammatory proliferative tenosynovium
Perineural scarring from previous carpal tunnel release

Occupational Etiology (Controversial and Inconclusive)
Repetitive wrist flexion/extension

intense gripping

Awkward (poor ergonomics) wrist flexion

Computer keyboards

Power vibratory tools

Typical Clinical Presentation

Paresthesias, pain, and numbness or tingling in the
palmar surface of the hand in the distribution of the me-
dian nerve (Fig. 1-39) (i.e., the palmar aspect of the three
and one-half radial digits) are the most common symp-
toms. Nocturnal pain is also common. Activities of daily
living (such as driving a car, holding a cup, and typing) of-

Transverse
carpal ligament

Median
nerve

Figure 1-39. Sensory symptoms of carpal tunnel syndrome lo-
calize to the sensory distribution of the median nerve. They
most commonly consist of pain, numbness, and burning or tin-
gling of the palmar surfaces of the thumb, index finger, middle
finger, and radial half of the ring finger (shaded area). (From
Steyers CM, Schelkuns PH: Practical management of carpal tun-
nel. Physician Sports Med 23[1]:83, 1995.)
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ten aggravate pain. Pain and paresthesias are sometimes re-
lieved by the patient massaging or shaking the hand.

Provocative Testing Maneuvers (Table 1-5)
Phalen Maneuver (Fig. 1-40)

The patient’s wrists are placed in complete (but not
forced) flexion.

If paresthesias in the median nerve distribution occur
within the 60-second test, the test is positive for CTS.
Gellman and associates (1986) found this to be the
most sensitive (sensitivity, 75%) of the provocative
maneuvers in their study of CTS.

Tinel Sign (Median Nerve Percussion)

Tinel sign may be elicited by lightly tapping the pa-
tient’s median nerve at the wrist, moving from proxi-
mal to distal.

The sign is positive if the patient complains of tin-
gling or electric shock-like sensation in the distribu-
tion of the median nerve.

Sensory Testing of the Median Nerve Distribution
Decreased sensation may be tested by:

Threshold tests: Semmes-Weinstein monofilament; vi-
brometry perception of a 256-cps tuning fork.
Innervation density tests: two-point discrimination.

Sensory loss and thenar muscle weakness often are

late findings.

Electrodiagnostic Tests

Electrodiagnostic studies are a useful adjunct to clini-
cal evaluation, but do not supplant the need for a
careful history and physical examination.

These tests are indicated when the clinical picture is
ambiguous or there is suspicion of other neuropathies.

The criterion for a positive electrodiagnostic test is a motor

latency greater than 4.0 M/sec and a sensory latency of greater
than 3.5 M/sec.

The interpretation of findings in patients with CTS

is classified in Table 1-6.

Special Tests for Evaluation

Phalen maneuver (60 seconds).

Tinel sign at carpal tunnel (percussion test).

Carpal tunnel direct compression (60 seconds).
Semmes-Weinstein monofilament sensory testing.
Palpation of pronator teres/Tinel’s (rule out pronator
syndrome).

Spurling’s test of the neck (rule out cervical radicu-
lopathy). (See Chapter 3, Shoulder Injuries.)
Radicular testing (motor, sensory, reflexes) of in-
volved extremity (rule out radiculopathy).
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Table 1-5

Available Tests used to Diagnose Carpal Tunnel Syndrome

Condition Interpretation
N Test Method Measured Positive Result of Positive Result
1*  Phalen maneuver Patient holds wrist in Paresthesias in Numbness or tingling Probable CTS (sensitivity, 0.75;
marked flexion for response to position  on radial side digits specificity, 0.47) Gellman found
30-60 sec best sensitivity of provocative
tests.
2*  Percussion test Examiner lightly taps Site of nerve lesion Tingling response in Probable CTS if response is
(Tinel sign) along median nerve at fingers at the wrist (sensitivity, 0.60;
the wrist, proximal to specificity, 0.67).
distal
3*  Carpal tunnel Direct compression of Paresthesias in Paresthesias within Probable CTS (sensitivity, 0.87,
compression median nerve by response to pressure 30 sec specificity, 0.90)
examiner
4 Hand diagram Patient marks sites of Patient's perception Pain depiction on Probable CTS (sensitivity, 0.96;
pain or altered of site of nerve palmar side of radial specificity, 0.73), negative
sensation on outline. deficit digits without predictive value of a negative
depiction of the palm test, 0.91
5 Hand volume stress Measure hand volume Hand volume Hand volume Probable dynamic CTS
test by water displacement; increased by =10 mi
repeat after 7-min stress
test and 10-min rest.
6 Static two-point Determine minimum Innervation density Failure to discriminate Advanced nerve dysfunction
discrimination separation of two of slowly adapting points <6 mm (late finding)
points perceived as fibers apart
distinct when lightly
touched on palmar
surface of digit.
7 Moving two-point As above, but with Innervation density Failure to discriminate  Advanced nerve dysfunction
discrimination points moving of slowly adapting points <5 mm (late finding)
fibers apart
8 Vibrometry Vibrometer head is Threshold of quickly ~ Asymmetry in Probable CTS (sensitivity, 0.87)
placed on palmar side adapting fibers contralateral hand or
of digit; amplitude between radial and
at 120 Hz increased to ulnar digits
threshold of perception;
compare median and
ulnar nerves in
both hands.
9*  Semmes-Weinstein Monofilaments of Threshold of slowly Value >2.83in Median nerve impairment
monofilament test increasing diameter adapting fibers radial digits (sensitivity, 0.83)
touched to palmar
side of digit until
patient can tell which
digit is untouched
10*  Distal sensory latency  Orthodromic stimulus Latency and Latency >3.5 ms or Probabie CTS
and conduction and recording across conduction velocity asymmetry >0.5 ms
velocity wrist of sensory fibers compared with
contralateral hand
11*  Distal motor latency Orthodromic stimulus Latency and Latency >4.5 ms or Probable CTS
conduction and recording across conduction velocity asymmetry >1 ms
wrist of motor fibers of
median nerve
12 Electromyography Needle electrodes Denervation of Fibritlation potentials, Very advanced motor median

placed in muscle

thenar muscles

sharp waves, increased
insertional activity

nerve compression

CTS, carpal tunnel syndrome.
*Most common tests/methods utilized in our practice.
Adapted from Szabo RM, Madison M: Carpal tunnel syndrome. Orthop Clin North Am 1:103, 1992.
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Figure 1-40. Phalen test. When the patient
holds the wrists flexed for 60 seconds, numb-
ness and tingling along the distribution of the
median nerve indicate carpal tunnel syndrome.
(From Slade JF, Mahoney ID, Dailinger JE, Box-
amsa TH: Wrist injuries in musicians. J Muscu-
loskel Med 16:548, 1999. Artist: Amy Collins
[Art and Science].)

Inspection for weakness or atrophy of thenar emi-
nence (a late finding of CTS).

Exploration for possible global neuropathy on history
and examination (e.g., diabetic).

If gray area, electromyographic/nerve conduction ve-
locity (EMG/NCV) testing of entire involved upper
extremity to exclude cervical radiculopathy versus
CTS versus pronator syndrome.

Evaluation

Patients with systemic peripheral neuropathies
(e.g., diabetes, alcoholism, hypothyroidism) typi-

cally have sensory abnormality distribution that
is not solely isolated to the median nerve distri-
bution.

More proximal compressive neuropathies (e.g., C6
cervical radiculopathy) will produce sensory
deficits in the C6 distribution (well beyond median
nerve distribution); plus weakness in the C6 in-
nervated muscles (biceps) and an abnormal biceps
reflex.

Electrodiagnostic tests are helpful in distinguishing
local compressive neuropathies (such as CTS) from
peripheral systemic neuropathies (such as diabetic
neuropathy).

Differential Diagnosis of Carpal Tunnel Syndrome
Thoracic outlet syndrome (TOS)

TOS exhibits positive Adson test (see Chapter 3, Shoulder Injuries), costoclavicular maneuver, Roos test, etc.

Cervical radiculopathy (CR)

CR has a positive Spurling test of the neck (see Chapter 3, Shoulder Injuries), proximal arm/neck symptoms, dermatomal distribution,

occasional neck pain.
Brachial plexopathy
Pronator teres syndrome (PTS)

Median nerve compression in the proximal forearm (PTS) rather than the wrist (CTS) has similar median nerve symptoms.

PTS is usually associated with activity-induced daytime paresthesias rather than nighttime (CTS).

Tenderness and Tinel palpable at pronator teres in the forearm, not at the carpal tunnel.

PTS (more proximal) involves the median nerve innervated extrinsic forearm motors and the palmar cutaneous nerve branch of the

median nerve (unlike CTS).
Employ the provocation test for PTS (see Figure 1-43 on p. 40).

Digital nerve compression (bowler’s thumb)

Caused by direct pressure applied to the palm or digits (base of the thumb in bowler’s thumb)
Tenderness and Tinel sign localized to the thumb digit rather than carpal tunnel.

Neuropathy (systemic)

Alcohol, diabetes, hypothyroidism—more diffuse neuropathy findings noted

Tenosynovitis (RA)

Reflex sympathetic dystrophy (RSD) (see Chapter 8)
RSDS has skin color, temperature changes, hyperesthesias, etc.
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Table 1-6

Interpreting Findings in Patients with Carpal
Tunnel Syndrome

Degree of CTS Findings

Dynamic Symptoms primarily activity-induced; patient
otherwise asymptomatic; no detectable
physical findings.

Mild Patient has intermittent symptoms; decreased
light-touch sensibility; digital compression test
usually positive but Tinel sign, as well as
positive result on Phalen maneuver, may or
may not be present.

Moderate Frequent symptoms; decreased vibratory
perception in median nerve distribution; positive
Phalen maneuver and digital compression test;
Tinel sign present; increased two-point
discrimination; weakness of thenar muscles.

Severe Symptoms are persistent; marked increase in or
absence of two-point discrimination; thenar
muscle atrophy.

CTS, carpal tunnel syndrome.

Treatment

e All patients should undergo initial conservative
management, unless the presentation is acute and as-
sociated with trauma (such as CTS associated with
acute distal radius fracture).

o All patients with acute CTS should have the wrist
taken out of flexion in the cast and placed in neutral
{(see section on distal radius fractures).

e Circumferential casts should be removed or bivalved,
and icing and elevation above the heart should be
initiated.

Close serial observation should check for possible
“emergent” carpal tunnel release if symptoms do not
improve.

Some authors recommend measurement of wrist com-
partment pressure.

Nonoperative Management

Pregnant women are all treated nonoperatively because
of spontaneous resolution after delivery of the baby.
Nonoperative treatment may include:

® The use of a prefabricated wrist splint, placing
the wrist in a neutral position, worn at night; day-
time splinting if patient’s job allows.

* Activity modification (discontinuing vibratory ma-
chinery or placing a support under unsupported
arms at the computer).

¢ Cortisone injection of the carpal tunnel (Fig.
1-41) (not the actual median nerve). Studies
have shown that fewer than 25% of patients who
had cortisone injection into the carpal tunnel
were symptom free at 18 months after injection.
As many as 80% of patients do have temporary re-
lief with cortisone injection and splinting. Green
found that symptoms typically recurred 2 to 4
months after cortisone injection, leading to opera-
tive treatment in 46% of patients.

The technique for injection is shown in Figure 1-41.

If injection creates paresthesias in the hand, the nee-

dle should be immediately withdrawn and redirected;

injection should not be into the median nerve.

Vitamin Bg has not been shown in clinical trials to

have any therapeutic effect on CTS, but may help

“missed” neuropathies (pyridoxine deficiency).

Rehabilitation Protocol
After Open Release of Carpal Tunnel Syndrome

0-7 Days
® Encourage gentle wrist extension and flexion exercises

and full finger flexion and extension exercises immedi-
ately after surgery in the postsurgical dressing.

7 Days

* Remove the dressing.

¢ Prohibit the patient from submerging the hand in
liquids, but permit showering.

* Discontinue the wrist splint if the patient is comfortable.

7-14 Days
® Permit the patient to use the hand in activities of daily
living as pain allows.
2 Weeks

¢ Remove the sutures and begin ROM and gradual
strengthening exercises.

f
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¢ Achieve initial scar remodeling by using Elastomer or

® If scar tenderness is intense, use desensitization tech-

¢ Control pain and edema with the use of Isotoner gloves

2-4 Weeks

* Advance the patient to more rigorous activities; allow

® Begin pinch/grip strengthening with Baltimore Thera-

silicon gel-sheet scar pad at night and deep scar mas-
sage.

niques such as applying various textures to the area us-
ing light pressure and progressing to deep pressure. Tex-

tures include cotton, velour, wool, and Velcro.

or electrical stimulation.

the patient to return to work if pain permits. The pa-
tient can use a padded glove for tasks that require pres-
sure to be applied over the tender palmar scars.

peutic Equipment work-simulator activities.




¢ Nonsteroidal anti-inflammatory drugs (NSAIDs) can

be used for control of inflammation.

e Any underlying systemic disease (such as diabetes,
theumatoid arthritis, or hypothyroidism) must be

controlled.

Surgical Treatment
Indications for surgical treatment of CTS include:

Thenar atrophy or weakness.
Sensation loss on objective measures.
Fibrillation potentials on electromyelograms.

propriate conservative measures.

Figure 1-41. A, During carpal tunne! injection, a
25- or 27-gauge needle is used to introduce a
mixture of dexamethasone and lidocaine into the
carpal canal. B, Needle is aligned with the ring
finger and directed 45 degrees dorsally and 30
degrees radially as it is advanced slowly beneath
the transverse carpal ligament into the tunnel. C
After injection, lidocaine is dispersed. Injection
into the nerve should be avoided. If any pares-
thesias occur during injection, the needie is im-
mediately withdrawn and redirected. (From Royan
GM: Understanding and managing carpal tunnel
syndrome. J Musculoskel Med 16:661, 1999.
Artist: Robert Marguiles.)

Symptoms that persist more than a year despite ap-
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The goals of carpal tunnel release are:

* Decompression of the nerve.
¢ Improvement of excursion.
® Prevention of progressive nerve damage.

Our recommendation is open carpal tunnel release
(complication rate of 10 to 18%) rather than endo-
scopic release (complication rate up to 35% in some
studies). In our experience, the times to return to work
and sporting activities have not been different enough
between the two procedures to warrant the differ-
ences in complication rate (dramatically increased fre-
quency of digital nerve lacerations with endoscopic
technique).

Median
nerve
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Figure 1-42. Anatomy of the antecubital fossa and structures overlying the course of the median nerve. Inset shows
the supracondylar process that is occasionally present. ED.S., flexor digitorum superficialis. {(From Idier RS, Strickland
JW, Creighton 1) Jr: Hand clinic: pronator syndrome. Indiana Med 84:124, 1991.)

Pronator Syndrome

A less common cause of median nerve entrapment occurs
in the proximal forearm where the median nerve is com-
pressed by either the pronator teres, the flexor superfi-
cialis arch, or the lacertus fibrosus in a condition referred
to as pronator syndrome (Fig. 1-42). In addition to dyses-
thesias in the thumb and in the index, middle, and ring
fingers, there may be a sensory disturbance of the volar
base of the thenar eminence because of involvement of
the palmar cutaneous branch of the medial nerve.

Physical findings include marked proximal forearm
tenderness; a proximal median nerve compression test
will reproduce the symptoms. The most common cause of
this disorder is entrapment of the median nerve by the
fascia of the pronator teres proximally, which can be
tested by resisted pronation with gradual extension of the
elbow (Fig. 1-43). A positive resisted middle finger flex-
ion test may suggest median nerve entrapment by the
FDS arch, and resisted supination with the elbow flexed
may suggest entrapment by the lacertus fibrosus, a fascial
extension of the biceps tendon.

Treatment

Nonoperative management of this disorder includes
minimizing resisted pronation activities and repetitive
gripping and squeezing. Long-arm splinting with the el-
bow at 90 degrees and the forearm in neutral rotation, in

addition to anti-inflammatory medications and vitamin B,
may be beneficial. Conservative management of this dis-
order often is ineffective, and surgery is usually required.

Figure 1-43. Provocative tests for pronator syndrome. A,
Pronator teres: resisted forearm pronation with the elbow rela-
tively extended. B, Lacterus fibrosus: resisted elbow flexion with
the forearm supinated. C, FDS: resisted middie finger extension.
(From Idler RS, Strickland JW, Creighton JJ Jr: Hand clinic: prona-
tor syndrome. Indiana Med 84:124, 1991.)



Rehabilitation Protocol
After Surgical Decompression for Pronator Teres Syndrome

0-7 Days

» Keep a soft, light compressive dressing in place to allow
full elbow, forearm, and wrist motion.

7 Days

¢ Remove the dressing and encourage activities as toler-
ated, including light manual labor.

¢ Begin ROM to the wrist and elbow, including gripping
in extension with putty.

2 Weeks

¢ Remove the sutures and encourage progressive strength-
ening and use of the upper extremity.
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4 Weeks

¢ Allow moderate to heavy work.

6 Weeks

¢ Allow full, unprotected use of the arm.

Discomfort after surgical decompression of the median
nerve in the proximal forearm is less than after decompres-
sion of the median nerve at the wrist level, and desensitiza-
tion techniques are unnecessary.

Ulnar Tunnel Syndrome

Compression of the ulnar nerve at the wrist level may re-
sult from a pathologic condition within Guyon’s canal, such
as an ulnar artery aneurysm, thrombosis, ganglia, anomalous
muscle bellies, or anomalous ligaments. External compes-
sion of the nerve can be caused by idiopathic fascial thick-
ening, repetitive trauma, palmaris brevis hypertrophy, and
other muscle anomalies or hypertrophies. Conservative
management for this disorder is similar to that for CTS, al-
though injections should be done with caution because of
the proximity of the ulnar nerve to the ulnar artery.

Radial Tunnel Syndrome, Posterior
Interosseous Nerve Syndrome

Entrapment of the posterior interosseous nerve may be as-
sociated with pain and tenderness in the proximal fore-
arm without weakness (radial tunnel syndrome) or with
motor loss (posterior interosseous nerve syndrome).
Sites of compression include fibrous bands over the radio-
capitellar joint, synovitis of the radiocapitellar joint (as
in rheumatoid arthritis), the vascular leash of Henry, the
proximal fascial edge of the extensor carpi radialis brevis
muscle, the arcade of Frohse (proximal edge of the super-

Rehabilitation Protocol
After Surgical Decompression of Ulnar Tunnel Syndrome at the Wrist

0-7 Days
¢ Fit the patient with a soft splint and encourage wrist
flexion and extension exercises.
7 Days
® Remove the splint and increase wrist extension and flex-
ion exercises to full motion.
7-14 Days

¢ Emphasize light grip activities and finger motion (marble
hunt in com or rice or soft putty exercises).
¢ Remove sutures at 2 weeks.

2-4 Weeks

¢ Treat the scar with deep friction massage using a sili-
cone-based scar pad.

® Begin resistive exercises (hand-helper, clothes-pin pinch,
forearm and wrist curls).

4-6 Weeks

® Encourage normal activity.

¢ Allow work-related activities.

® Desensitization techniques may be necessary for palmar
scar tenderness, and a padded glove may allow the patient
an early return to moderate to heavy work activities.
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Rehabilitation Protocol
After Surgical Decompression of Radial Tunnel/Posterior
Interosseous Syndrome

0-7 Days

® Remove light compressive surgical dressing at 3-5 days.
¢ Initiate full active forearm and elbow flexion and exten-
sion exercises.

7-14 Days

¢ Remove the dressing at 7 days.

* Begin active and active-assisted wrist, forearm, and el-
bow exercises.

ficial head of the supinator muscle), and the distal edge
of the supinator. Although often associated with tennis
elbow, this syndrome may exist as an isolated compression
neuropathy. Patients with distal posterior interosseous
syndrome typically present with chronic dorsal wrist pain
that is exacerbated by forced dorsiflexion of the wrist.

Treatment

Conservative management of entrapment of the pos-
terior interosseous nerve includes a trial of long arm
splinting with the elbow at 90 degrees and the forearm in
neutral, refraining from resisted supination and wrist ex-
tension types of activities. Anti-inflammatory medications
and vitamin By may be prescribed.

Rehabilitation after posterior interosseous nerve de-
compression may vary, depending on the surgical ap-
proach. The interval between the brachioradialis and the
extensor carpi radialis longus gives excellent exposure of
the posterior interosseous nerve from the radiocapitellar
articulation through the proximal half of the supinator.
Subsequent rehabilitation may be easier because the mus-
cle fibers of the brachioradialis are not violated.

Nerve Injuries

Nerve injuries are most commonly caused by direct
trauma, laceration, traction or stretching, entrapment, or
compression. Obtaining optimal hand function after
nerve injury depends on preservation of passive ROM of
the hand and prevention of secondary damage from at-
tenuation or stretching of involved structures owing to

* Continue edema control with compressive sleeve and
high-voltage galvanic stimulation.

2-4 Weeks

* Begin resistive exercises for wrist and forearm supina-
tion.

6 Weeks

¢ Allow unrestricted activity.

poor positioning or substitution patterns. Combined with
the appropriate exercise regimens, splinting techniques
can be effective for attaining these goals.

Evaluation

The status of tendon and nerve function should be docu-
mented at initial examination:

® Motor and sensory examination for radial, median,
and ulnar nerves.
o Flexors and extensors to digits and wrist.

Tendon and nerve function can be difficult to evaluate ini-
tially in patients with extensive upper extremity trauma because
of pain and skeletal instability. If the examination is equivocal,
this should be documented.

Median nerve lesions result in a loss of coordination,
decreased strength, and a decrease in or loss of sensory in-
put from the thumb, index, long, and ring fingers. Distal le-
sions primarily impair opposition and adduction, and splint-
ing is aimed primarily at preventing first web contracture
and maintaining passive motion of the thumb CMC joint.

Ulnar nerve lesions compromise coordination, pinch
and grip strength, and thumb stability and frequently
cause “clawing” of the ring and small fingers. Splinting is
aimed at prevention of this clawing, while allowing full
digital flexion and IP joint extension.

Radial nerve lesions result in loss of active extension
of the wrist, thumb, and fingers, weakness of thumb ab-
duction, decreased grip strength, and diminished coordi-
nation. The emphasis of splinting is on providing wrist
stability and maintaining thumb position.
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Classification of Nerve Injuries

Seddon and Sunderland

Neurapraxia Local conduction block with segmental demyelination.
(first-degree injury) No axonal abnormality.
Exceflent recovery.
Axonotmesis Axonal injury such that wallerian degeneration will occur distally.
(second-degree injury)  Axonal sprouting within the appropriate endoneurial tube.
Excellent recovery anticipated.
Third-degree injury Axonal injury and varying degrees of scarring with the endoneurium.
Recovery is not complete but varies from almost complete recovery to almost no recovery, depending on the
degree of endoneurial scarring and the degree of mismatching of regenerating sensory and motor fibers
within the injured fascicle.
Fourth-degree injury Nerve physically in continuity but scar tissue prevents nerve regeneration across the area of injury.
Neurotmesis Transection of the nerve.

(fifth-degree injury) No functional recovery.
Mixed injury Combines various patterns of injury from fascicle to fascicle.
(sixth-degree injury, injury pattern may vary along length of nerve as well.

neuroma incontinuity)

Treatment (Table 1-7)
Eight Principles of Nerve Repair

“

Tension-free repair.
4. Use of an interposition nerve graft when a tension-
free repair is not possible.

1. Quantitative preoperative and postoperative clinical 5. Nerve repair and nerve graft with:
assessment of both the motor and the sensory sys- * Extremity in neutral position.
tems: * No tension at the repair site.
¢ Pinch and grip measurements. 6. Primary repair when clinical and surgical conditions
¢ Static and moving two-point discrimination (in- permit.
nervation density test). 7. Epineural repair when function of the fascicles is
® Vibration or pressure stimulus measurements mixed sensory and motor without well-defined
(measurement of threshold). groups of fascicles. A group fascicular repair can be
2. Microsurgical technique. done when a particular fascicle(s) is recognized as
® Magnification. mediating a specific function.
* Microsurgical instruments. 8. Postoperative motor and sensory re-education to
® Sutures. maximize the potential surgical result.

Treatment of Nerve Injuries

Tinel Sign
Present/
Progresses Recovery Surgical
Degree of Injury Disability Pattern Rate of Recovery Procedure
|. Neurapraxia -/ - Complete Fast, days to 12 wk None
Il. Axonotmesis +/+ Complete Slow (1 inch/mo) None
lll. Third degree injury +/+ Great Slow (1 inch/mo) None or neurolysis
variation*
IV. Neuroma incontinuity +/ - None No recovery Nerve repair or nerve graft
V. Neurotmesis +/ - None No recovery Nerve repair or nerve graft

VI.

Mixed injury—varies with each fascicle, depending on the combination of injury pattern as noted above.

*Recovery is at least as good as a nerve repair, but can vary from excellent to poor, depending on the degree of endoneurial scarring and the amount of sensory
and motor axonal misdirection that occurs with the injured fascicle.
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Epineural versus Fascicular Repair

The superiority of one technique over another has
not been demonstrated, possibly because the theoretical
benefits of fascicular alignment are lost clinically because
of increased surgical manipulation. A repair of an inap-
propriate fascicle (e.g., motor sensory) would ensure a
poor result.

Timing of the Nerve Repair

® Primary repair—variable: sharp laceration + skilled
surgeon + appropriate instrumentation available.

e Delayed repair (nerve graft)—variable: avulsive in-
jury + questionable proximal and distal extent of in-
jury (at the earliest, three weeks after injury).

e With a closed injury:
¢ Expectant treatment until 3 months, then ex-

plored if no clinical or EMG recovery.

o [f closed injury localizes to an area of nerve en-
trapment (such as the carpal tunnel), early de-
compression of the nerve is recommended so
that the nerve is allowed to recover without an
added superimposed element of nerve compres-
sion.

¢ General guidelines:
® Nerve deficit due to sharp injury—assume nerve is

cut.

® Nerve deficit due to closed injury—generally
nerve is in continuity; EMG/NCS after 4 weeks
should clarify.

Nerve Gap versus Nerve Defect

Nerve defect: the actual amount of neural tissue lost;
constant for any given injury.

Nerve gap: the distance between the proximal and
the distal ends of the nerve; can vary (e.g., joint
movement or soft tissue contracture). The newroma
incontinuity is evaluated with clinical examination
and electrodiagnostic testing to determine which fas-
cicles have first-, second-, or third-degree injuries
with likelihood of spontaneous recovery as opposed
to fourth- or fifth-degree injuries that require surgical
reconstruction. Microsurgical exploration of the
nerve with neurolysis will assist in making the surgi-
cal decision. Occasionally, intraoperarive nerve con-
duction studies are useful.

Nerve grafting is done when an end-to-end repair
cannot be done without tension. Donor netves in-
clude the sural nerve, the anterior branch of the me-
dial antebrachial cutaneous nerve, and the lateral
antebrachial cutaneous nerve. The clinical role of
vascularized nerve grafts is not established. Potential
indications include reconstruction of large nerve
gaps, proximal injuries, reconstruction in compro-

mised beds, and the use of large-caliber donor nerve
grafts. B

Splinting for Nerve Palsies

Nancy Cannon, OTR

Median Nerve: Splint Recommendation —Web Spacer
Purpose

Maintain width of the first web space, preventing
first web contracture. This is necessary because of the
paralysis of the thenar musculature.

Warning/Precautions

When fabricating the splint, avoid hyperextension of
the thumb MCP joint or stress to the UCL of the
MCP joint.

Wearing Time

Night only.
If any first web space contracture is noted, periodic
daywear is added.

Ulnar Nerve: Splint Recommendation —Single
Wynn-Parry Splint or Static Metacarpophalangeal Joint
Extension Block Splint

Purpose

Prevent clawing of the ring and small fingers while
allowing full digital flexion and IP joint extension.
The splint is required because of paralysis of the ul-
nar innervated intrinsics.

Warning/Precautions

Monitor carefully to prevent pressure sores in pa-
tients who do not have sensory return.

Wearing Time

Continuous wear until the MCP volar plates tighten
so that hyper extension is no longer present, the in-
trinsics return, or tendon transfers are done to re-
place the function of the intrinsics.

Radial Nerve: Splint Recommendation— Wrist
Immobilization Splint or Possibly a Long Dorsal
Outrigger Splint

Purpose

Positioning the wrist in approximately 15 to 20 de-
grees of dorsiflexion allows improved functional use
of the hand and prevents wrist drop.
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Rehabilitation Protocol
After Repair of Digital Nerve

2 Weeks

® Remove bulky dressing and initiate edema control with

Coban or fingersocks.

Fit DBS in 30 degrees of flexion at the PIP joint for

continual wear, assuming the repair is near the PIP joint

level or slightly distal to this point. The DBS may be fit-

ted in more flexion at the MCP or PIP joint level if the

digital nerve repair is under more tension.

Note: if nerve repair is near the MCP joint, the DBS

should include the MCP joint only, with approximately

30 degrees of flexion at the MCP joint.

Begin active and passive ROM exercises six times a day

within the restraints of the DBS.

® Begin scar massage with lotion and/or the use of Oto-
form or Elastomer within 24 hours after suture removal.

® Incorporation of the outrigger component of the
splint allows assistance with extension at the MCP
level of the digits.

Wearing Time

® The patient wears the splint until there is retumn of
the radial nerve innervated muscles or tendon trans-
fers are done to improve wrist andfor finger extension.

Digital Nerve Repair

Most lacerations of digital nerves should be repaired
as soon as possible (within 5 to 7 days of injury) if the
wound is clean and sharp. The condition of the patient,
the presence of other injuries that may take precedence
over nerve repair, skin conditions such as extensive soft
tissue loss, wound contamination, and the availability of
personnel and equipment also must be considered in the
timing of digital nerve repair.

Bowler’s Thumb (Digital Nerve Injury)

¢ Digital nerve compression, or bowler’s thumb, is a
compression neuropathy of the ulnar digital nerve of
the thumb.

® Repetitive pressure of the thumbhole of the bowling
ball to this area results in formation of a perineural
fibrosis or neuroma-type formation of the ulnar digi-
tal nerve.

3-6 Weeks

* Adjust the DBS into extension 10 degrees each week
until neutral position is achieved at 6 weeks.

6 Weeks

¢ Discontinue the DBS.

¢ Initiate passive extension at the MCP joint.

¢ Begin extension splinting if passive extension is limited,
but generally patients regain extension and extension
splints are not necessary.

® Begin progressive strengthening.

8-10 Weeks

® Begin sensory re-education when some sign of sensory
return (protective sensation) is present.

¢ Patients present with a painful mass at the base of
the thumb and paresthesias.
o A Tinel sign is usually elicited; and the mass is ten-
der to palpation.
e Differential diagnoses include ganglion, inclusion
cyst, and painful callous.
® Treatment includes:
® A protective thumb shell.
» Backsetting the thumbhole of the bowling ball to
increase thumb extension and abduction.
* Avoiding full insertion of the thumb into the
thumbhole.
* If conservative measures fail, decompression and in-
ternal neurolysis or neuroma resection with primary
repair should be considered.

Replantation

Replantation of amputated parts and revascularization for
salvaging mangled extremities rtequire intense commit-
ment from both the patient and the surgeon. Emotional
and financial investments are enormous, and successful re-
plantation and revascularization require long postsurgical
rehabilitation programs that are frequently interrupted and
prolonged by multiple reconstructive surgical procedures.

Proper candidate selection is critical to the success of re-
plantation and revascularization of amputated parts.
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Contraindications

Absolute contraindications for replantation and revascular-
ization include multiple-trauma victims with significant
associated injuries in whom treatment of other organ sys-
tems takes precedence over extremity salvage. Digits have
been refrigerated and replanted up to 3 days after injury.
Extensive injury to the affected limb, chronic illness, pre-
viously nonfunctioning parts, and psychiatric illness also
prohibit salvage procedures.

Relative contraindications include avulsion injuries,
lengthy ischemia time, and patients older than 50
years. Major limbs are defined as those with significant
skeletal muscle content. These may be salvaged if
appropriately cooled 12 hours after the injury; up to
6 hours of warm ischemia time can be tolerated.
Only under unusual circumstances should single digits
be replanted, especially those proximal to the FDS
insertion.

Indications

The ideal candidate for replantation is a young patient
with a narrow zone of injury. Power saws and punch
presses often result in replantable parts. Indications for
replantation include any upper or lower extremity in a

Rehabilitation Protocol
Replantation and Revascularization in Adults

1 Day

¢ Appropriate and liberal use of analgesics is recom-
mended, although postoperative discomfort is usually
minimal with replantations. Revascularization procedures
typically require more postoperative pain management,
especially when neural connections remain.

¢ Low-molecular-weight dextran 40 in 500 ml of 5% dex-
trose in water (DsW) is given over 6—24 hours. In pa-
tients with pulmonary problems, continuous intravenous
infusion at a lower rate is recommended.

¢ Aspirin (325 mg, one by mouth two times a day).

e Thorazine (25 mg by mouth three times a day).

® Antibiotics— cefazolin or a similar antibiotic for 3~5
days.

¢ Administer low-molecular-weight dextran 40 and 500 ml
DsW at a rate of 10 ml/kg/day for 3 days to the pediatric
patient.

¢ Automated monitors with alarms provide continuous
feedback, although hourly visual inspection for the first
12 hours provides important information, including
color, capillary refill, turgor, and bleeding of the re-

planted part. |

child, as well as thumbs, multiple digits, hands, and wrist-
level and some more proximal-level amputations in
adults.

Postsurgical Considerations

Postsurgical care typically begins in the operating room,
where brachial plexus blocks are given before the patient
leaves. A bulky, noncompressive dressing reinforced with
plaster splints is applied in the operating room and usu-
ally is kept in place for 3 weeks. When the likelihood of
thrombosis is increased, such as in wide-zone injuries,
heparin may be used. Postsurgical orders include keeping
the patient nil per os (NPO) for 12 to 24 hours after
surgery, because vascular compromise may necessitate
emergency surgical intervention. The replanted part is
kept warm either with a thermal blanket or by elevating
the room temperature to 78°F to 80°FE Caffeine-contain-
ing products, such as coffee, tea, colas, and chocolate, are
prohibited, as is smoking and the use of tobacco products
by both the patient and the visitors. Ice and iced drinks
are not allowed, and visitation is limited to one to two
visitors at a time to try to prevent emotional disturbance.
The patient is restricted to bed rest for approximately 3
days, and the replanted part is kept at or slightly above
heart level.

Management of Early Complications

¢ Five to 10 days of hospitalization are necessary after re-
plantation. After that time, replantation failure from
vascular compromise occurs infrequently. Arterial insuffi-
ciency from thrombosis or vasoconstriction usually re-
quires immediate return to the operating room. Give a
plexus block, explore the arterial anastomosis, excise the
damaged segment, and petform vein grafting if necessary.
Administer heparin in savage procedures of this sort and
attempt to keep the partial thromboplastin time 1.5 to
2.0 times normal.

¢ Venous congestion indicates either insufficient venous
outflow, or venous thrombosis. At the first sign of ve-
nous congestion, loosen all postoperative dressings to
eliminate external construction. Digital replantations
with venous congestion may benefit from a longitudinal
laceration through the digital pulp or removal of the
nail plate. Heparinized-saline drops applied to the
nailbed and pulp may promote venous drainage. If the
venous outflow from the nailbed or drainage site is inad-
equate but present, leech therapy may be indicated.




Rehabilitation Protocol

Apply a medical leech to the finger or area of congestion
with the remaining sites shielded by plastic sheathing. A
leech cage may be fashioned from the plastic bag in which
intravenous bags are stored. Tape the open end of the
plastic bag around the bulky postoperative dressing, intro-
duce a leech through a vertical slit in the bag, then tape
the vertical slit. Adequate oxygenization occurs through
the porous surgical dressing. Leeches have a long-lasting
anticoagulant and vasodilating effect in addition to with-
drawing approximately 5 ml of blood. However, arterial in-
flow must be present for the leech to attach. If the leech
does not attach, the digit may have arterial as well as ve-
nous insufficiency, and further salvage requires immediate
surgical exploration of the artery and venous anastomoses.

5-10 Days

¢ The patient may be discharged from the hospital if the
appearance of the replanted part is acceptable.

¢ Dietary and environmental restrictions remain the same,
and the patient receives aspirin (325 mg) twice daily for
an additional 2 weeks.

3 Weeks

¢ Remove the dressing and assess the wound. Replanted
digits are usually markedly edematous with granulating
wounds.

® Wound care management consists of hydrogen peroxide
wound cleansing and silver nitrate cauterization of re-
dundant granulation tissue.

Major Limb Replantation

Major limb replantation requires the wrist and hand to be
splinted in a functional position. Full passive motion of
each joint at the more proximal soft tissue and neurologic
injury is allowed. Motion exercises are continued until
proximal neuromuscular function returns. The results of
replantation depend primarily on the outcome of the
nerve repairs. The age of the patient, mechanism of in-
jury, level of injury, and the quality of the replantation
procedure, especially the extent of revascularization, are
also important factors.

Dupuytren’s Contracture

The manifestations of Dupuytren’s disease are variable
and may be confined to a single digit, but palmar and
digital involvement of the ring and small fingers is more
common. Diffuse involvement of the first web space and
thumb in addition to the fingers is less common.

_—

Replantation and Revascularization in Adults (Continued)
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. * Apply soft, nonadherent dressings and fit the wrist with
a splint in slight wrist flexion and MCP joint flexion to
about 50 to 60 degrees.
® Begin passive wrist flexion and MCP joint flexion exer-
cises, with emphasis on flexor tendon glide.

6 Weeks

® Begin active and active-assisted ROM and flexion and
extension with interval splinting.
¢ Continue edema control measures.

8 Weeks

o Accelerate active and active-assisted flexion and exten-
sion exercises of all joints and use electrical stimulation
if necessary.

® Remove temporary bony fixation.

4 Months

¢ Perform soft tissue and bony reconstruction procedures.

¢ PIP joint injuries are commonly treated by fusion. Ac-
tive digital extension and flexion are often inhibited by
tendon adhesions.

* Motion is best achieved through a two-stage tenolysis
program. Perform extensor tenolysis first, followed by a
flexor tenolysis approximately 2 to 3 months after the
initial procedure.

No exact criteria exist for surgical intervention in
Dupuytren’s disease. Some patients who have severe MCP
and PIP joint contractures have surprisingly few com-
plaints of functional disability, whereas some patients
with pretendinous cords and nodules without contractures
desire surgical intervention.

Guidelines for surgical intervention include:

* 30 degrees of MCP joint contracture.

¢ 15 degrees of PIP joint contracture.

¢ Inability to place the hand into a pocket, lay it flat
on a table, or bring it together with the opposite
hand (as in prayer).

Regardless of the criteria used for surgical interven-
tion, the PIP joint contracture is the most difficult to cor-
rect and warrants early intervention.

Surgical procedures used in the treatment of
Dupuytren’s contracture include subcutaneous fasciotomy,
partial selective fasciectomy, complete fasciectomy, fa-
sciectomy with skin grafting, and amputation.
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Rehabilitation Protocol
Dupuytren’s Contracture, Subcutaneous Fasciotomy

0-7 Days

* Encourage the patient to work on stretching exercises
immediately after the surgery. Maintain digital extension
with a resting pan splint with Velcro straps.

Subcutaneous Fasciotomy

In elderly patients with MCP joint contracture, subcuta-
neous fasciotomy is ideal, regardless of whether one or
two digits are involved. This procedure may be done in
the office with local anesthesia.

Technique of Subcutaneous Fasciotomy

With the palm anesthetized, a No. 15 blade is intro-
duced across the palm between the skin and the pretendi-
nous cord. The finger is extended and the knife blade is
gently pressed onto the taut cord. An abrupt release of
the MCP joint contracture follows when the cord tran-
section is complete. Manipulation of the fingers may re-
sult in some tearing of the palmar skin; however, this is
usually minor, and the wound can be left open and cov-
ered with a sterile dressing.

Surgical procedures other than cordotomy for
Dupuytren’s disease require considerable dissection, and
subsequent palmar and finger hematomas become more
likely. Small suction drain systems may be in corporated
to prevent these hematomas.

¢ Have the patient wear the splint during the day between
exercises and at night for the first week.
* Continue night splints for 6 weeks after surgery.

Arthroplasty

Proximal Interphalangeal Joint Arthroplasty

PIP joint arthroplasty is primarily indicated for patients
who are relatively free of disease at the MCP joints. This
usually precludes patients with rheumatoid arthritis with
significant MCP joint involvement. The best treatment
option for these patients is MCP joint arthroplasty and
either soft tissue procedures for cotrection of the soft tis-
sue deformities or PIP joint fusion. Patients with os-
teoarthritis may benefit from isolated PIP joint arthro-
plasty, other than the index finger.

A volar approach for placement of the implant may
be used when the extensor mechanism does not require
repair or corrective surgery. Active flexion and extension
exercises may be started immediately after surgery.

Rehabilitation after PIP joint arthroplasty depends
on whether the arthroplasty is done for a stiff IP joint, for
reconstruction with lateral deviation, or to correct a bou-
tonniére deformity.

Rehabilitation Protocol
Proximal Interphalangeal Joint Arthroplasty for Joint Stiffness

0-3 Weeks

¢ Begin active flexion and extension exercises at 3-5 days
after surgery.

¢ Have the patient use a padded aluminum splint
between hourly exercises to maintain full PIP joint
extension.

3-6 Weeks

¢ Continue interval PIP joint splinting during the day for
6 weeks.

6 Weeks

¢ Begin resistive exercises.

¢ Continue interval splinting to correct any angular devia-
tion and extensor lag of more than 20 degrees.

* Have the patient wear protective splint at night for 3
months after surgery.

The ideal ROMs obtained are 0-70 degrees of flexion in
the ring and small fingers, 60 degrees of flexion in the mid-
dle finger, and 45 degrees of flexion in the index finger.
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Rehabilitation Protocol
Metacarpophalangeal Joint Arthroplasty

0-7 Days
* Remove drains 2 days after surgery.

® Use postoperative splint to maintain MCP joints in full
extension and neutral to slight radial deviation.

7 Days

¢ Fashion dynamic extension outrigger splint and resting
hand splints.

¢ Begin active MCP joint exercises.

¢ Apply a supinator tab to index finger.

2-4 Weeks

* Remove the sutures. Continue the night resting pan
splint.
¢ Continue dynamic extension outrigger splint for daily use.

i

4 Weeks

¢ Allow light hand use and activities of daily living.
¢ Continue night splinting for 4 months to help reduce
extensor lag.

Note: If MCP joint motion is not obtained in 2 weeks, the
PIP joint should be splinted in full extension and flexion
force concentrated at the MCP joint level. Careful follow-
up is necessary during the first 3 weeks, when the desired
motion should be achieved. At 3 weeks, the capsular struc-
tures are significantly tight, and no further ROM should be
expected. Dynamic flexion may be necessary to regain early
MCP joint flexion.

Rehabilitation Protocol
Proximal Interphalangeal Joint Arthroplasty for Lateral Deviation

The central slip and collateral ligaments are reconstructed
in this deformity.

2-3 Weeks

¢ Use an extension splint and gutter splints to correct
residual angular deformities.

¢ Perform active exercises three to five times a day with
taping or radial outriggers.

® Have the patient wear splints for 6—8 weeks after
surgery.

6-8 Weeks

¢ Continue night splinting for 3—6 months.

Metacarpophalangeal Joint Arthroplasty

MCP joint arthroplasty is indicated primarily for patients
with rheumatoid arthritis, although unusual post-trau-
matic or osteoarthritic conditions may require implant
arthroplasty. Correction of radial deviation of the
metacarpals as well as intrinsic imbalance is necessary for
acceptable results. The procedure increases the range of
functional motion of the fingers, although grip and pinch
strength do not improve significantly.

Thumb Carpometacarpal Joint Arthroplasty

The arthritic basilar joint of the thumb offers another
clear example that radiographic appearance has no
correlation with the severity of clinical symptoms. Radi-
ographic evidence of advanced arthritic change may be

an incidental finding, whereas a radiographically normal
thumb may have significant disability. Treatment regi-
mens with steroid injection splinting, and NSAIDs
should be exhausted before surgical intervention.

Total joint arthroplasty, implant arthroplasty, inter
position arthroplasty, suspension arthroplasties, and CMC
joint fusion have been used to alleviate pain and restore
function in the diseased basilar joint of the thumb.

Interposition and Sling Suspension Arthroplasties

Trapezial excision techniques combined with soft tis-
sue interposition or sling suspension arthroplasties have
similar postsurgical protocols. Sling suspension arthroplas-
ties are designed to prevent thumb ostecarticular column
shortening and provide stability beyond that afforded by
simple trapezial excision.
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Rehabilitation Protocol
Interposition and Sling Suspension Arthroplasties

2 Weeks

® Remove the surgical thumb spica splint and sutures. Ap-
ply a short arm thumb spica cast for an additional 2
weeks.

4 Weeks

e Begin active, active-assisted, and passive ROM exercises
with interval splinting.

e Ideally the splint or cast should include only CMC
joint, leaving the MP or IP joint free for ROM.

6 Weeks

® Begin gentle strengthening exercises.

Wrist Disorders

Scaphoid Fractures

S. Brent Brotzman, MD, Steven J. Meyers, MD,
and Michael L. Lee, MD

Background

The scaphoid (carpal navicular) is the most com-
monly fractured of the carpal bones and is often difficult
to diagnose and treat. Complications include nonunion
and malunion, which alter wrist kinematics and can lead
to pain, decreased ROM, decrease in strength, and early
radiocarpal arthrosis.

The scaphoid blood supply is precarious. The ra-
dial artery branches enter the scaphoid on the dorsum,
distal third, and lateral-volar surfaces. The proximal
third of the scaphoid receives its blood supply from in-
terosseous- only circulation in about one third of
scaphoids, and thus is at high risk of avascular necrosis
(AVN).

Scaphoid fractures usually are classified by location
of fracture: proximal third, middle third (or waist), dis-
tal third, or tuberosity (Fig. 1 -44). Fractures of the mid-
dle third are most common, and distal third fractures are
very rare.

Clinical History and Examination

Scaphoid fractures usually occur with hyperexten-
sion and radial flexion of the wrist, most often in
young active male patients. Patients usually have ten-
derness in the anatomic snuffbox (Fig. 1-45) (be-
tween the first and the third dorsal compartments), less
commonly on the distal scaphoid tuberosity volarly, and

|
\
\
|

8 Weeks

e Encourage light to moderate activity.
® The wrist and thumb static splint may be discontinued
in the presence of a pain-free and stable joint.

3 Months
e Allow normal activity.

Discomfort frequently lasts for 6 months after surgery.
The function and strength of the thumb will improve over
a 6- to 12-month period.

may have increased pain with axial compression of the
thumb metacarpal. Scaphoid is derived from the Greek
word for boat, and it is often difficult to evaluate radi-
ographically because of its oblique orientation in the
wrist.

Initial radiographs should include posteroanterior
(PA), oblique, lateral, and ulnar flexion PA. If there is
any question clinically, an MRI is extremely sensitive in
detecting scaphoid fractures as early as 2 days after injury.

Distal pole
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Proximal pole
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Figure 1-44. A dorsal view of the scaphoid bone demonstrates
various fracture orientations. Determining the orientation on ra-
diographs is important because the orientation helps guide
treatment decisions. (From Gutierrez G: Office management of
scaphoid fractures. Physician Sports Med 24[8]:60, 1996).
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Figure 1-45. Evaluation of scaphoid fractures. A, Scaphoid tenderness can be identified by palpation dorsally within
the anatomic snuffbox. B, Tenderness may also be identified palmarly at the scaphoid tuberosity radial to the flexor
carpi radialis tendon and the proximal wrist crease (the wrist should be extended). (From Zabinski SJ: Investigating
carpal injuries. Sports Med Update, 1999.)

If an MRI is unavailable, patients with snuffbox tender- Assessment of scaphoid fracture displacement is
ness should be immobilized for 10 to 14 days and then re-  crucial for treatment and is often best assessed with
turn for repeat radiographs out of the splint. If the diag-  thin section (I-mm) CT scans (Fig. 1-46). Displace-
nosis is still questionable, a bone scan is indicated. ment is defined as a fracture gap of more than 1 mm,

D E F

Figure 1-46. CT of the scaphoid is easier to interpret if the images are obtained in planes defined by the long axis
of the scaphoid. To achieve this, the patient lies prone on the table with the arm overhead. A, For sagittal plane im-
ages, the forearm is held pronated (palm down) and the hand lies flat on the table. The forearm crosses the gantry
at an angle of approximately 45 degrees (roughly in line with the abducted thumb metacarpal). B, Scout images are
obtained to confirm the appropriate orientation and ensure that the entire scaphoid is imaged. Sections are obtained
at 1-mm intervals. C, Images obtained in the sagittal plane are best for measuring the intrascaphoid angle. D, For
coronal plane images, the forearm is in neutral position. £, Scout images demonstrate alignment of the wrist through
the gantry of the scanner. F, Interpretation of the images obtained in the coronal plane is straightforward. (From Ring
D, Jupiter JB, Herndon JH: Acute fractures of the scaphoid. J Am Acad Orthop Surg 8[4]:225-231, 2000.)
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Figure 1-47. A, Lateral radiograph shows the normal colinear relationship of the radius, lunate, capitate, and third
metacarpal. With normal carpal alignment, the scapholunate angle is between 30 and 60 degrees (B) and the capi-
tolunate angle is less than 30 degrees (C). Note that the scaphoid axis can be drawn through the center of the
scaphoid, but it is also adequate and may be easier to draw a line along the inferior pole as shown in C. D, Dorsi-
flexion instability—dorsal intercalary segment instability (DISI)—is suspected when dorsal tilting of the lunate and
volar tilting of the scaphoid are present with a resulting increase in the scapholunate angle to more than 60 degrees.
E, Palmar flexion instability—volar intercalary segment instability (VISI)—is suspected with volar tilting of the lunate,
resulting in a scapholunate angle of less than 30 degrees and/or a capitolunate angle of more than 30 degrees. £
DISI parameters for radioscaphoid, radiolunate, and scapholunate angles. (4, From Honing EW: Wrist injuries. Part 2:
Spotting and treating troublemakers. Physician Sports Med 26{10]:62, 1996; B-E, from Mann FA, Gilula LA: Post-
traumatic wrist pain and instability: a radiographic approach to diagnosis. In Lichtman DM, Alexander AH [eds]: The
Wrist and Its Disorders, 2nd ed. Philadelphia, WB Saunders, 1997, p. 105; £ from Regional Review Course in Hand
Surgery. Rosemont, lllinois, American Society for Surgery of the Hand, 1991, p. 12-21.)

Figure continues



a lateral scapholunate angle greater than 60 degrees
(Fig. 1-47), lateral radiolunate angle greater than
15 degrees, or intrascaphoid angle greater than 35 de-
grees.

Treatment

® Truly nondisplaced fractures can be treated closed
and nearly always heal with thumb spica cast immo-
bilization.

¢ Above- or below-elbow casting is still the subject of
controversy. The authors prefer 6 weeks of sugar tong
(long arm) thumb spica casting, followed by a mini-
mum of 6 weeks of short arm thumb spica casting.
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® Scaphoid union is verified with thin-section CT
scan.

® Surgical treatment is indicated for nondisplaced
fractures in which the complications of prolonged
immobilization (wrist stiffness, thenar atrophy, and
delayed return to heavy labor or sports) would be in-
tolerable, scaphoid fractures previously unrecognized
or untreated, all displaced scaphoid fractures (see
above for criteria for displacement), and scaphoid
nonunions.

® For nondisplaced fractures, percutaneous fixation

with cannulated screws has recently become accepted
treatment.
For fractures with displacement, ORIF is mandatory.
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Figure 1-47. Continued
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Rehabilitation Protocol

For Fractures Treated Closed (Nonoperative),
Treatment in Thumb Spica Cast

0-6 Weeks
® Sugar-tong thumb spica cast
* Active shoulder ROM
¢ Active second through fifth MCP/PIP/DIP joint ROM

6-12 Weeks (Bony Union)
¢ Nontender to palpation, painless ROM with cast off
¢ Short arm thumb spica cast
¢ Continue shoulder and finger exercises
¢ Begin active elbow flexion/extension/supination/pronation

12 Weeks
* CT scan to confirm union. If ununited, continue short
arm thumb spica cast (Fig. 1-48)

Figure 1-48. Thumb spica cast. (From Zabinski 1): Investi-
gating carpal tunnel. Sports Med Update, 1999.)

12-14 Weeks
¢ Assuming union at 12 weeks, removable thumb spica
splint

® Begin home exercise program
® Active/gentle-assisted wrist flexion/extension ROM
® Active/gentle-assisted wrist radial/ulnar flexion ROM
e Active/gentle-assisted thumb MCP/IP joint ROM
¢ Active/gentle-assisted thenar cone exercise

14-18 Weeks
¢ Discontinue all splinting
¢ Formalized occupational therapy
o Active/aggressive-assisted wrist flexion/extension
ROM
* Active/aggressive-assisted wrist radial/ulnar flexion
ROM
® Active/aggressive-assisted thumb MCP/IP joint ROM
o Active/aggressive-assisted thenar cone exercise

18 Weeks +
® Grip strengthening, aggressive ROM
® Unrestricted activities

Treatment and Rehabilitation for Scaphoid Fractures

For Scaphoid Fractures Treated with ORIF

0-10 Days
® Elevate sugar-tong thumb spica splint, ice
e Shoulder ROM
¢ MCP/PIP/DIP joint active ROM exercises

10 Days-4 Weeks
e Suture removal
e Sugar-tong thumb spica cast (immobilizing elbow)

¢ Continue hand/shoulder ROM

4-8 Weeks
¢ Short arm thumb spica cast
¢ Elbow active/assisted extension, flexion/supination/

pronation; continue fingers 2 through 5 active ROM
and shoulder active ROM

8 Weeks
e CT scan to verify union of fracture

8-10 Weeks (Assuming Union) (Fig. 1-49)
e Removable thumb spica splint
® Begin home exercise program
¢ Active/gentle-assisted wrist flexion and extension
ROM
¢ Active/gentle-assisted wrist radial/ulnar flexion ROM
® Activefgentle-assisted thumb MCP/IP joint ROM

® Active/gentle-assisted thenar cone exercise

Figure 1-49. CT scan identified union without avascular
necrosis or loss of anatomic reduction. (From Zabinski JJ: In-
vestigating carpal tunnel. Sports Med Update, 1999.)

10-14 Weeks
¢ Discontinue all splinting
¢ Formalized occupational therapy
o Active/aggressive-assisted wrist flexion/extension

ROM




Rehabilitation Protocol

¢ Active/aggressive-assisted wrist radial/ulnar flexion
ROM

® Active/aggressive-assisted thumb MCP/IP joint ROM

* Active/aggressive-assisted thenar cone exercise

|

Treatment and Rehabilitation for Scaphoid Fractures (Continued)
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‘ 14 Weeks +
¢ Grip strengthening
‘ * Aggressive ROM
¢ Unrestricted activities

Fracture of the Distal Radius

David Ring, MD, Gae Burchill, OT, Donna Ryan Callamaro, OT,
Jesse B. Jupiter, MD

Background

Successful treatment of a fracture of the distal ra-
dius must respect the soft tissues while restoring
anatomic alignment of the bones (Fig. 1-50). The sur-
geon must choose a treatment method that maintains
bony alignment without relying on tight casts or re-
stricting the gliding structures that control the hand.
MCP joint motion must remain free. The wrist should
not be distracted or placed in a flexed position, be-
cause these abnormal positions diminish the mechanical
advantage of the extrinsic tendons, increase pressure in
the carpal canal, exacerbate carpal ligament injury, and
contribute to stiffness. Recognition and prompt treat-
ment of median nerve dysfunction and the avoidance of
injury to branches of the radial sensory nerve are also
important. Special attention should be given to limit-
ing swelling of the hand. Swelling can contribute to
stiffness and even contracture of the intrinsic muscles
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Figure 1-50. Bones of the wrist. (From Honing EW: Wrist in-
juries. Part 2: Spotting and treating troublemakers. Physician
Sports Med 26[10]:62, 1998.)

of the hand. Mobilization and functional use of the hand,
wrist, and forearm complete the rehabilitation of the frac-
tured wrist.

The keys to successful treatment of distal radial fractures in-
clude restoration of articular congruity, radial length, proper
volar inclination, avoidance of stiffness, and early motion of a
stable construct.

Clinical Background

Fractures of the distal radius are common in older per-
sons, particularly women, because they have weaker bones
and are more susceptible to falls. Older persons are health-
ier, more active, and more numerous than ever, and treat-
ment decisions cannot be based upon patient age alone,
but must consider the possibility of poor bone quality.

Considerable energy is required to fracture the distal
radius of a younger adult, and most such fractures occur in
motor vehicle accidents, falls from heights, or sports. Dis-
placed fractures in younger adults are more likely to be as-
sociated with concomitant carpal fractures and ligament
injuries, acute compartment syndrome, and multitrauma.

The distal end of the radius has two important
functions: it is both the primary support of the carpus
and part of the forearm articulation. When a fracture of
the distal radius heals with malalignment, the surface
pressures on the articular cartilage may be elevated and
uneven, the carpus may become malaligned, the ulna may
impact with the carpus, or the distal radioulnar joint
(DRUJ) may be incongruent. These conditions can pro-
duce pain, loss of motion, and arthrosis.

The alignment of the distal radius is monitored using
radiographic measurements to define alignment in three
planes. Shortening of the distal radius is measured best as
the offset between the ulnar head and the lunate facet of
the distal radius on the PA view—the ulnar variance.
The alignment of the distal radius in the sagittal plane is
evaluated by measuring the inclination of the distal radial
articular surface on the PA radiograph—the ulnar incli-
nation. The alignment of the distal radius in the coronal
plane is evaluated by measuring the inclination of the
distal radial articular surface on the lateral radiograph.
Studies of normal volunteers have determined that the
articular surface of the distal radius is usually oriented
about 11 degrees palmar and 22 degrees ulnar, and has
neutral ulnar variance.
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Impaction of Distal Radius (Loss of Radial Length)

This involves the loss of radial length or height.
Normally, the radial articular surface is level with or
within 1 to 2 mm distal (ulnar positive) or proximal
(ulnar negative) to the distal ulnar articular surface
(Fig. 1-51). Colles fractures tend to lose significant
height, which causes loss of congruency with the distal
radioulnar joint (DRU]J) and difficulties with wrist rota-
tion.

Dorsal Angulation (Loss of Volar Inclination)

Normally, the distal radius has a volar inclination of
11 degrees on the lateral view (Fig. 1-52). A Colles
fracture often reverses that volar inclination. Dorsal incli-
nation of 20 degrees or more significantly affects the
congruency of the DRUJ and may cause compensatory
changes in the carpal bone alignment.

Dorsal Displacement

Dorsal displacement contributes significantly to the
increased instability of the distal fragment by decreasing
the contact area between fragments (Fig. 1-53).

Figure 1-51. Impaction (loss of
length). A, Normal radius is usually
level with or within 1 to 2 mm dis-
tal or proximal to the distal ulnar
articular surface. B, With a Colles
fracture, significant loss of radial
length causes loss of congruency
with the distal radioulnar joint.
(From Newport ML: Colles frac-
tures. J Musculoskel Med 17[1]:292,
2000. Artist: Charles H. Boyter.)

Radial Displacement (Lateral Displacement)
Radial displacement occurs when the distal radial
fragment displaces away from the ulna (Fig. 1-54).

Loss of Radial Inclination

The radius normally has a radial-to-ulnar inclination
of approximately 22 degrees, measured from the tip of the
radial styloid to the ulnar corner of the radius and com-
pared with the longitudinal line along the length of the
radius (Fig. 1-55). Loss of inclination can cause hand
weakness and fatigability following the fracture.

Unrecognized supination of the distal radial fragment
also creates fracture instability (Fig. 1-56).

Classification

Successful treatment of fractures of the distal radius
requires accurate identification of certain injury charac-
teristics and an understanding of their importance (Table
1-8). Whereas a number of classification systems have
been described, most of the important injury elements are
captured in the system of Fernandey (Fig. 1-57), which

Figure 1-52. Dorsal angulation.
A, In the normal radius, volar
inclination averages 11 degrees.
B, Colles fracture can reverse in-
clination. Dorsal inclination of
20 degrees or more significantly
affects congruency of the distal
radioulnar joint and may alter
carpal alignment. (From New-
port ML: Colles fracture. J Mus-
culoskel Med 17[1]:292, 2000.
Artist: Charles H. Boyter.)



Figure 1-53. Dorsal displacement in Colles fracture contributes
to instability of the distal fragment. (From Newport ML: Colles
fracture. J Musculoskel Med 17[1]:296, 2000. Artist: Charles H.
Boyter.)

distinguishes bending fractures (type 1), shearing frac-
tures (type 2), compression fractures (type 3), fracture-
dislocations (type 4), and high-energy fractures combin-
ing multiple types (type 5). Type 1, or bending-type
fractures, are extra-articular, metaphyseal fractures. Dor-
sally displaced fractures are commonly referred to by the
eponym Colles fracture. Volarly displaced bending frac-
tures are often called Smith’s fractures. Type 2, or articular
shearing fractures, comprise volar and dorsal Barton’s
fractures, shearing fracture of the radial styloid (the so-
called chauffeur’s fracture), and shearing fractures of the
lunate facet. Type 3, or compression fractures, include
fractures that split the articular surface of the distal ra-
dius. There is a progression of injury with greater injury
force—separation of the scaphoid and lunate facets oc-
curing first, with progression to coronal splitting of the
lunate or scaphoid facets and then further fragmentation.
Type 4, radiocarpal fracture-dislocations, feature disloca-
tion of the radiocarpal joint with small ligamentous avul-
sion fractures. Type 5 fractures may combine features of
all the other types and may also involve forearm com-
partment syndrome, open wound, or associated injury to
the carpus, forearm, or elbow.

Figure 1-54. Radial (or lateral) displacement. In a displaced
Colles fracture, it is possible for the distal fragment to slide
away from the ulna. (From Newport ML: Colles fracture. J Mus-
culosket Med 17{1]:294, 2000. Artist: Charles H. Boyter.)
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Figure 1-55. Loss of radial inclination. A, In a normal radius,
the radial-to-ulnar inclination averages 22 degrees as measured
from tip of the radial styloid to the ulnar corner of the radius
compared with a vertical line along the midline of the radius. B,
With a Colles fracture, radial inclination is lost because of imbal-
ances in force on the radial versus the ulnar side of the wrist.
(From Newport ML: Colles fracture. J Musculoskel Med
17[1]:296, 2000, Artist: Charles H. Boyter.)

Another classification used by orthopaedic surgeons
is the universal classification system (Fig. 1-58).

Diagnosis and Treatment

The wrist often appears deformed with the hand dor-
sally displaced. This is called a “silver fork” deformity be-
cause of the semblance to a dinner fork when viewed from
the side. The distal ulna also may be prominent. The wrist
is swollen and tender, and palpation may elicit crepitus.

Patients with substantially displaced fractures should
have rapid closed manipulation under anesthesia to re-
duce pressure on the soft tissues including nerves and
skin and to help define the pattern of injury. Closed ma-
nipulation and sugar-tong splints provide definitive treat-
ment in many patients. This is most often accomplished
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Figure 1-56. Supination of the distal fragment of a Colles frac-
ture creates instability. Supination deformity is usually not visible
on a radiograph and is best appreciated during open reduction
of the fracture. (From Newport ML: Colles fracture. } Muscu-
loskel Med 17[1]:298, 2000. Artist: Charles H. Boyter.)

with a so-called hematoma block anesthetic. Five to 10
ml of 1% lidocaine anesthetic without epinephrine is in-
jected into the fracture site. Consideration should be
given to injecting the DRUJ and an ulnar styloid fracture
in some patients. Injection of the fracture site is easiest
from the volar-radial aspect of the wrist in the more com-
mon dorsally displaced fractures. Manipulation is per-
formed manually. The use of finger traps is cumbersome,
limits the surgeon’s ability to correct all three dimensions
of the deformity, and will not help to maintain length in
metaphyseal impaction or fragmentation.

Radiographs taken after closed reduction may need
to be supplemented by CT scanning to precisely define

the pattern of injury. In particular, it can be difficult to
tell whether the lunate facet of the distal radial articular
surface is split in the coronal plane.

Bending fractures are extra-articular (metaphyseal)
fractures. They may displace in either a dorsal or a volar
direction. Dorsal displacement—known eponymically as
Colles fracture—is much more common. Many dorsally
displaced bending fractures can be held reduced in a cast
or splint. In older patients, more than 20 degrees of dor-
sal angulation of the distal radial articular surface on a
lateral radiograph taken before manipulative reduction
usually indicates substantial fragmentation and impaction
of dorsal metaphyseal bone. Many such fractures require
operative fixation to maintain reduction. Dorsally dis-
placed fractures are reduced under hematoma block and
splinted with either a sugar-tong or a Charnley type of
splint. The reduction maneuver consists of traction, flex-
ion, ulnar deviation, and pronation. The wrist should be
splinted in an ulnar deviated position, but without wrist
flexion. Circumferential casts and tight wraps should not
be used (Fig. 1-59). Great care must be taken to ensure
that motion of the MCP joints is not restricted.

Options for the treatment of unstable dorsal bending
fractures include external fixation that crosses the wrist,
so-called nonbridging external fixation that gains hold of
the distal fracture fragment and does not cross the wrist,
percutaneous Kirschner wire fixation, and internal plate
fixation. External fixation that crosses the wrist should be
used with great care. The wrist should not be left in a
flexed position, and there should be no distraction
across the wrist. Usually, this means that Kirschner wires
are needed in combination with the external fixator.

Table 1-8 o
Treatment-Based Classification of Distal Radius Fractures
Type Description Management
I Undisplaced, extra-articular Splinting or casting with the wrist in a neutral position for 4-6 wk. The splint chosen depends
on the patient and his or her condition and compliance, as well as on physician preference.
I Displaced, extra-articular Fracture reduced under local or regional anesthesia
A Stable Splint, then cast
B Unstable, reducible* Remanipulation, with possible percutaneous pinning for improved stability
C Unreducible Open reduction and internal fixation
Il Intra-articular, undisplaced Immobilization and possible percutaneous pinning for stability
I\ Intra-articular, displaced
Stable, reducible Adjunctive fixation with percutaneous pinning and, sometimes, external fixation
B Unstable, reducible Percutaneous pinning and, probably, external fixation to improve rigidity and immobilization.
Dorsal comminution contribute to instability, so bone graft may be necessary.
C Unreducible Open reduction and internal fixation, often external fixation

Complex, significant soft tissue
injury, carpal injury, distal ulnar
fracture, or comminuted
metaphyseal-diaphyseal area
of the radius

Open reduction and pin or plate fixation, often
supplemented with external fixation

*Instability becomes evident when radiographs show a change in position of the fracture fragments. Patients should be seen at 3, 10, and 21 days after injury to

check for any change in fracture position.

From Cooney WP: Fractures of the distal radius: a modern treatment-based classification. Orthop Clin North Am 24(2):211, 1993.
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Figure 1-57. Classification of distal radius fractures based on
the mechanism of injury (Fernandez): bending (), shearing (II),
compression (lll), avulsion (IV), and combined (V) mechanisms.
This classification is useful because the mechanism of injury in-
fluences the management of injury. (From Fernandez DL: Frac-
tures of the distal radius: operative treatment. In Heckman JD
[ed]: Instructional Course Lectures 42. Rosemont, Ill, American
Academy of Orthopaedic Surgeons, 1993, pp. 74-75.)

Plate fixation is usually reserved for fractures with incipi-
ent callus formation that are resistant to closed manipula-
tion (this can occur as early as 2 weeks after injury) and
fractures with fragmentation of the volar as well as the
dorsal metaphysis. All of these methods place the radial
sensory nerve at risk. Great care must be taken to protect
this nerve and its branches.

Volarly displaced bending fractures (or Smith’s frac-
tures) are subclassified as transverse, oblique, or fragmented.
Oblique and fragmented fractures will not be stable in a
cast and require operative fixation. Fixation of the distal
radius with a plate applied to its volar surface is straightfor-
ward and associated with few problems. Therefore, unstable
volar bending fractures are best treated with internal plate
fixation.

Shearing fractures may involve the volar or dorsal ar-
ticular margin (so-called Barton’s fractures), the radial sty-
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loid, or the lunate facet of the distal radius. These partial
articular fractures are inherently unstable. Failure to se-
curely realign the fragment risks subluxation of the carpus.
For this reason, shearing fractures are most predictably
treated with open reduction and plate and screw fixation.

Many simple compression articular fractures can be
treated with closed manipulation, external fixation, and
percutaneous Kirschner wire fixation. When the lunate
facet is split in the coronal plane, the volar lunate facet
fragment is usually unstable and can be held only by a
plate or tension band wire applied through a small volar-
ulnar incision.

Radiocarpal fracture-dislocations and high-energy
fractures require ORIF, in some cases supplemented by
external fixation. One must also be extra vigilant regard-
ing the potential for forearm compartment syndrome and
acute CTS with these fractures.

TYPE Il

Non-articular Non-articular

undisplaced displaced
A B
TYPE il TYPE IV
Iintra-articular intra-articular
(displaced)

%(undisplaced)

LG~

(stable)

Reducible (unstabie) Irreducible (unstable)

D

Figure 1-58. Universal classification of distal radial fractures. A,
Type |, nonarticular, undisplaced. B, Type Il, nonarticular, dis-
placed. C, Type lll, intra-articular, undisplaced. D, Type I, intra-
articular, displaced. (From Cooney WP, Agee JM, Hastings H, et
al: Symposium: management of intra-articular fractures of the
distal radius. Contemp Orthop 21:71-104, 1990.)
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Figure 1-59. A, Sugar-tong splint is made from approximately 10 thicknesses of 4-inch-wide plaster. Four layers of
cast padding are used over the splint on the skin side. The splint goes from the palm, reaches around the elbow, and
ends on the dorsum of the hand. The fingers are free to actively exercise. B, MCP joints must not be restricted. (4,
From Newport ML: Colles fractures. J Musculoskel Med 17[1}:300, 2000. Artist: Charles H. Boyter; B, from Ring D,
Jupiter JB: Managing fractures of the distal radius. J Musculoskel Med 12[10]:66, 1995. Artist: Robert Marguiles.)

For all of these fracture types, the stability of the
DRU]J should be evaluated after the distal radius has
been fixed. Instability of the distal ulna merits treat-
ment of the ulnar side of the wrist. A large ulnar sty-
loid fracture contains the origin of the triangular fibro-
cartilage complex (TFCC), and ORIF of such a
fragment will restore stability. Similarly, unstable ulnar
head and neck fractures may benefit from internal fixa-
tion. If the DRU]J is unstable in the absence of ulnar
fracture, the radius should be pinned or casted in mid-
supination (45 degrees supination) for 4 to 6 weeks to
enhance stability of the DRUJ.

Rehabilitation Protocol
After Distal Radial Fracture

Ring, Jupiter, Burchill, and Calamaro

Early Phase (0-6 Weeks)

The critical part of the early phase of rehabilitation is
limitation of swelling and stiffness in the hand.

¢ Swelling can be limited and reduced by encouraging ele-
vation of the hand above the level of the heart, by en-
couraging frequent active mobilization, and by wrapping
the digits and hand with self-adhesive elastic tapes (e.g.,
Coban, 3M, St. Paul, Minn), and applying a compres-
sive stocking to the hand and wrist (Fig. 1-60).

Indications for operative treatment of distal radial fractures
include an unstable fracture, irreducible fracture, more than 20
degrees of dorsal angulation of the distal fragment, intra-articular
displacement or incongruity of 2 mm or more of articular (joint)
fragments, and radial (lateral) displacement (Table 1-9).

Rehabilitation after Distal Radial Fractures

The rehabilitation after fracture of the distal radius is
nearly uniform among various fracture types, provided
that the pattern of injury has been identified and appro-
priately treated. The stages of rehabilitation can be di-
vided into early, middle, and late.

Text continued on page 67

e Stiffness can be limited by teaching the patient an
aggressive program of active and passive digit ROM
exercises (Fig. 1-61).

® The use of an external fixator as a splint to protect
percutaneous or internal fixation is useful to avoid the
use of restrictive circumferential dressings in the early
postoperative period.

¢ Stable fractures and fractures with internal fixation can
be supported with a light, removable thermoplastic




Rehabilitation Protocol

After Distal Radial Fracture (Continued)

Ring, Jupiter, Burchill, and Calamaro

Figure 1-60. Compressive dressings can help eliminate
swelling of the fingers, hand, and wrist. A, Self-adhesive
elastic tape should be applied by rolling the tape out and
laying it on, applying a safe and limited amount of com-
pression. B, Hand and wrist are compressed by an elastic
stocking.

splint. We use a Corpus wrist splint, which is a well-
padded thermoplastic brace that comes “off the shelf”
but is custom moldable to each patient.

¢ A well-padded sugar-tong is used initially for stable,
nonoperatively treated distal radial fractures. Eventually
the elbow is “freed” from the sugar-tong (to avoid elbow
stiffness) when the fracture looks sticky (approximately

3—4 weeks).

Another critical part of the early rehabilitation phase is
functional use of the hand. Many of these patients are
older and have a diminished capacity to adapt to their
wrist injury.

Chapter 1: Hand and Wrist Injuries

e Appropriate treatment should be sufficiently stable to al-
low functional use of the hand for light activities (i.e.,
<5 pounds of force).

e When the hand is used to assist with daily activities
such as dressing, feeding, and toileting, it will be more
quickly incorporated back into the patient’s physical role
and may be less prone to becoming dystrophic.

¢ Functional use also helps restore mobility and reduce
swelling.

® Most fractures are stable with forearm rotation. Supina-
tion, in particular, can be very difficult to regain after
fracture of the distal radius. Initiation of active and gen-
tle assisted forearm rotation exercises in the early phase
of rehabilitation may speed and enhance the recovery of
supination (Fig. 1-62).

¢ Some methods of treatment (e.g., nonbridging external
fixation and plate fixation) offer the potential to initiate
wrist flexionfextension and radial/ulnar deviation during
the early phase of healing. Provided that fixation of the
fragments is secure, we usually allow wrist mobilization
at the time of suture removal (10—14 days after the op-
eration) (Fig. 1-63).

¢ Scar massage may help limit adhesions in the area of in-
cisions. In some patients with raised or hypertrophic
scars, we recommend Otoform (Dreve-Otoplastik
GMBH, Unna, Germany) application to help flatten
and diminish the scar (Fig. 1-64).

® Active motion of the ipsilateral shoulder and elbow are
used to avoid a frozen shoulder or elbow throughout the
postoperative rehabilitation.

Middle Phase (6-8 Weeks)

¢ Once early healing of the fracture is established (be-
tween 6 and 8 weeks after the injury or operation), the
pins and external fixation can be removed and the pa-
tient weaned from external support.

Radiographs should guide this transition because some
very fragmented fractures may require support for longer
than 8 weeks.

Active-assisted forearm and wrist mobilization exercises
are used to maximize mobility (see Figs. 1-65 and
1-66). There is no role for passive manipulation in
the rehabilitation of fractures of the distal radius.
Dynamic splinting may help to improve motion. In
particular, if supination is slow to return, a dynamic
supination splint can be used intermittently (Fig.

1-65).

Late Phase (8-12 Weeks)

® Once healing is well established (between 6 and 12
weeks from the injury or operation), strengthening exer-
cises can be initiated while active-assisted mobilization
is continued.

continued

61




62  Clinical Orthopaedic Rehabilitation

Rehabilitation Protocol
After Distal Radial Fracture (Continued)

Ring, Jupiter, Burchill, and Calamaro

Figure 1-61. Restoration of digit mobility in the first and most important element of rehabilitation after fracture of
the distal radius. Varied exercises are done by the patient. A, Mobilization of the MCP joints. B, Hook fist to mobilize
the IP joints. C, Opposition of each finger to the thumb. D, Tight fist posture, to hook fist, to straight. £, Digit ab-
duction and adduction.

* The wrist and hand have been rested for a number of ening with Theraputty (Smith and Nephew, Memphis,
months from the time of the injury and will benefit from Tennessee) (Fig. 1-66), the use of small weights (Fig.
focused strengthening exercises, including digit strength- | 1-67), and the use of various machines (Fig. 1 -68).
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Rehabilitation Protocol
After Distal Radial Fracture (Continued)

Ring, Jupiter, Burchill, and Calamaro

Figure 1-62. Forearm ROM is part of the early phase of rehabilitation of most distal radial frac-
tures. A, Active forearm ROM is done with the elbow stabilized at the side to avoid “cheating”
by moving the shoulder instead. B, Gentle assistive stretch can be provided by either the other
hand or using the weight of a mallet grasped in the hand. C, Mallet can be used assist prona-
tion.

continued

—
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Rehabilitation Protocol
After Distal Radial Fracture (Continued)

Ring, Jupiter, Burchill, and Calamaro

Figure 1-63. A, Wrist mobilization is usually delayed for 6 to 8 weeks, but it can be begun as early as the second
week when stable plate fixation is obtained. B, Gravity-assisted wrist flexion—hanging the hand off a towel. C, Wrist
extension exercises. D, Radial and ulnar deviation. £, Wrist and ulnar deviation.
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Rehabilitation Protocol
After Distal Radial Fracture (Continued)

Ring, Jupiter, Burchill, and Calamaro

Figure 1-64. Conforming plastics can be applied with pres-
sure (such as under a Coban wrap) to help diminish the
prominence of the scar.

Figure 1-65. Supination splint provides a constant stretch-
ing force that is useful when stiffness is resistant to simple
active-assisted exercises.

Figure 1-66. Digit strengthening can be accomplished by exercises incorporating the manipulation of putty. Separate
exercises emphasize manipulation with the fingertips (4) and in the clenched fist (B).

continued
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Rehabilitation Protocol
After Distal Radial Fracture (Continued)

Ring, Jupiter, Burchill, and Calamaro

Figure 1-68. More sophisticated machines, such as this
one made by Baltimore Therapeutic Equipment (Baltimore,
Md), can provide more controlled and quantifiable methods
Figure 1-67. Wrist-strengthening exercises are part of the of strengthening.

final phase of rehabilitation. Small weights can be used.

Table 1-9
Palmar Treatment Algorithm for Distal Radius Fractures
Fracture Type Treatment Protocol
Group 1 Group 2
(physiologically (physiologically
young and/or active) old and/or inactive)
Nondisplaced fracture STS—3 wk STS—2 wk
SAC—3 wk SAC—2 wk
Splint (R)—3 wk Splint (R)—3 wk
Displaced fracture Closed reduction Closed reduction
X-ray findings 1. STS—2 wk
/ \ 2. SAC—3 wk
Splint (R)—3 wk
Acceptable reduction Unacceptable reduction 3. Late-distal ulna resection
/ \ ( > 2 mm radial shortening)
( > 2 mm displacement of articular fragment)
Stable fracture Unstable fracture ( > 15° dorsiflexion of radius)
STS—3 wk 1. External fixation with ¢
LAC—3 wk supplemental
Splint (R)—3 wk percutaneous pins 1. External fixation with fragment
Ex. fix—6 wk elevation (pins optional) and
Pins—8 wk iliac crest bone graft—5 wk
Splint (R)—3 wk
2. ORIF (plate) 2. ORIF (K-wire) with iliac crest bone graft
SAS—10 days Ex. fix—6 wk
Splint (R)—5 wk Pins—6 wk
3. Percutaneous pins SAS—6 wk
STS—3 wk Splint (R)—4 wk
SAC—3 wk
Pins—6 wk

Splint (R)—3 wk



Table 1-9 (Continued)
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Palmar Treatment Algorithm for Distal Radius Fractures

Ex., external; LAC, long arm cast; ORIF, open reduction and internal fixation; R, removable; SAC, short arm cast; SAS, short arm splint; STS, sugar-tong splint.
From Paimar AK: Fractures of the distal radius. In Green D (ed): Operative Hand Surgery, 3rd ed. New York, Churchill Livingstone, 1993. Our protocol of the treat-
ment of nondisplaced and displaced distal radial fractures in the physiologically young and/or active (group 1) and the physiologically old and/or inactive (group 2).
Nondisplaced fractures are easily treated with immobilization alone n both groups. Displaced fractures require reduction in both groups, but only in group 1 do
we recommend further treatment. Based on the reduction and whether the fracture is stable or not, immobilization is recommended with or without operative
treatment. Fractures in which the reduction is unacceptable require reduction of the fragments with external fixation and/or internal fixation and bone grafting.

Conclusions

Rehabilitation after fracture of the distal radius fo-
cuses first on preventing a problem with the wrist from
creating a problem with the hand; second, on restoring
functional mobility quickly; and finally, on optimizing the
function of the wrist after injury. Any method of treat-
ment that contributes to excessive swelling or restriction
of digit motion or tendon gliding should be abandoned.
For instance, if a cast that is molded tightly to maintain
fracture reduction increases edema, the surgeon should
consider changing to percutaneous pinning and external
fixation to avoid a constrictive dressing. Once effective
treatment is administered, the rehabilitation program is
straightforward. l

Triangular Fibrocartilage Complex
Injury

Dan C. Byck, MD, Felix H. Savoie 111, MD,
and Larry D. Field, MD

Clinical Background

The triangular fibrocartilage complex (TFCC) is an
arrangement of several structures. The primary structure
is the triangular fibrocartilage or meniscal disc that is a
relatively avascular disc-like structure that provides a
cushion effect between the distal articular surface of the
ulna and the proximal carpal row, primarily the tri-
quetrum. Much like the menisci in the knee, vascular
studies have demonstrated poor central vascularity,
whereas the peripheral 15 to 20% has the arterial inflow
required for healing. In addition, there is no vascular con-
tribution from the radial base of the TFCC. Thus, central
defects or tears tend to have difficulty healing and more
peripheral injuries heal at a much higher rate.

The disc is a biconcave structure with a radial at-
tachment that blends with the articular cartilage of the
radius. The ulnar attachment lies at the base of the ulnar
styloid. There are superficial and deep layers of the
TFCC, which attach separately at the base of the ulna
styloid (Fig. 1-69). The anterior and posterior thicken-
ings of the TFCC are confluent with the anterior and

posterior radioulnar capsule and are called the palmar and
dorsal radioulnar ligaments. These structures develop ten-
sion as the forearm is pronated and supinated and provide
the primary stabilization to the DRU]J (Fig. 1-70). The
TECC itself is under maximal tension in neutral rotation.
Additional attachments to the lunate, triquetrum, ham-
ate, and the base of the fifth metacarpal have been de-

Figure 1-69. Scaphoid (S) and lunate (L) articulate with the dis-
tal articular surface of the radius, and the ulnar head articulates
with the sigmoid notch. The triangular fibrocartilage complex
(TFCQ) is interposed between the ulnar carpus and the ulnar
head.
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Pronation

Supination

Figure 1-70. A, Right wrist in pronation. The dorsal capsule is tight, and the volar margin of the triangu-
lar fibrocartilage complex (TFCC; the volar radioulnar ligament) is tight. 8, Right wrist in supination. The
volar distal radioulnar joint capsule is tight, and the dorsal margin of the TFCC (dorsal radioulnar ligament)
is tight as the dorsal margin of the radius moves farther away from the base of the ulnar styloid.

Differential Diagnosis of Ulnar-sided Wrist Pain
Radial shortening (e.g., comminuted distal
radial fracture)
TFCC tear (central versus peripheral)
Degenerative joint disease
Lunotriquetral arthritis
Extensor carpi ulnaris (ECU) instability or tendinitis
Fracture of the hook of the hamate
Flexor carpi ulnaris (FCU) calcific tendinitis
Pisotriquetral arthritis
Ulnar artery stenosis
Guyon’s canal syndrome
Ulnar styloid fracture
Congenital positive ulnar variance
Ulnar nerve disease

scribed. These structures, combined with the extensor
carpi ulnaris subsheath, make up the TFCC. Normal
function of the DRUJ requires the normal relationship of
these anatomic structures. Tear, injury, or degeneration of
any one structure leads to pathophysiology of the DRU]J
and abnormal kinesis of the wrist and forearm. When
evaluating ulnar-sided wrist pain or painful forearm rota-
tion, several entities should be considered.

Classification

The most widely accepted classification system of
TEFCC injuries is that developed by Palmer (1989).
TFCC tears are divided into two categories: traumatic

and degenerative. The system uses clinical, radiographic,
anatomic, and biomechanical data to define each tear.
Rehabilitation of these lesions is based on the type of
procedure performed. In Class 1A or 2A lesions, the
central portion of the disc is débrided, and in this case,
the rehabilitation is a return to activities as tolerated af-
ter wound healing has taken place. For most other
TEFCC lesions, a more extensive immobilization period
followed by aggressive physical therapy is required.

Classification of Triangular Fibrocartilage
Complex Lesions (Palmer)

Class 1: Traumatic

A. Central perforation
B. Ulnar avulsion
With ulnar styloid fracture
Without ulnar styloid fracture
C. Distal avulsion
D. Radial avulsion
With sigmoid notch fracture
Without sigmoid notch fracture

Class 2: Degenerative (Ulnocarpal Abutment Syndrome)

A. TFCC wear
B. TFCC wear
With lunate or ulnar chondromalacia
C. TFCC perforation
With lunate or ulnar chondromalacia
D. TFCC perforation
With lunate or ulnar chondromalacia
With lunotriquetral ligament perforation
£, TFCC perforation
With lunate or ulnar chondromalacia
With lunotriquetral ligament perforation
With ulnocarpal arthritis




Diagnosis

A thorough history is critical to the diagnosis of
TFCC lesions. Factors such as onset and duration of
symptoms, type and force of trauma, eliciting activities,
recent changes in symptoms, and past treatment attempts
should be noted. Most TFCC injuries are caused by a fall
on an outstretched hand, rotational injuries, or repetitive
axial loading. Patients complain of ulnar-sided wrist
pain and clicking and often crepitation with forearm ro-
tation, gripping, or ulnar deviation of the wrist. Tender-
ness often is present on either the dorsal or the palmar
side of the TECC. Instability of the DRU] or clicking
may or may not be elicited. Care should be taken to rule
out ECU tendon subluxation and radial-sided wrist in-
juries as well.

Provocative maneuvers are often helpful in differenti-
ating TFCC injuries from lunotriquetral pathology. First,
however, the pisotriquetral joint should be tested to rule
out disease at this joint. With the wrist in neutral rota-
tion, the triquetrum is firmly compressed against the
lunate. The “shuck test” described by Reagan and
coworkers (1984) is a more sensitive test of the lunotri-
quetral joint. The lunotriquetral joint is grasped between
the thumb and the index finger while the wrist is stabi-
lized with the other hand and the lunotriquetral joint is
“shucked” in a dorsal-to-palmar direction. Kleinman and
Graham (1996) suggested that the most sensitive test to
elicit lunotriquetral pathology is the shear test. In this
test, one thumb is placed against the pisiform and the
other thumb stabilizes the lunate on its dorsal surface. As
the examiner’s thumbs are forced toward the carpus, a
shear force is created in the lunotriquetral joint. Lester
and colleagues (1995) described a press test to diagnose
TFCC tears. They did not differentiate the region of the
tear, but stated that the test was 100% sensitive for tears.
In the press test, the patient grasps both sides of a chair
seat while sitting in the chair. The patient then presses
the body weight directly upward, and if the pain repli-
cates the ulnar-sided pain, the test is considered positive.

Once a normal lunotriquetral joint is established, the
TFCC is then evaluated. The TFCC grind test is very sen-
sitive in eliciting tears in the TFCC and DRUJ instability.
With the wrist in neutral rotation and ulnarly deviated, it is
then rolled palmarly then dorsally. Pain or a click suggests a
TFCC tear. When done with the forearm fully pronated,
the dorsal radioulnar ligaments are tested. With the forearm
fully supinated, the volar radioulnar ligaments are assessed.

The piano key test evaluates DRU]J stability. With
the forearm fully pronated, the distal ulna is balloted
from dorsal to volar. This test correlates with the “piano
key sign” seen on lateral wrist radiographs.

Diagnostic Studies

Radiographs of the wrist include PA, lateral, and
oblique views taken with the shoulder abducted to 90 de-
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grees, the elbow flexed to 90 degrees, and the forearm flat
on the table. When indicated, specialty views such as a
supination-pronation, a clenched-fist PA, and a 30-
degree supination view to assess the pisotriquetral joint
may be obtained.

Arthrography may be used as a confirmatory test. Ra-
diopaque contrast material is injected directly into the ra-
diocarpal joint. If a tear is present, the dye will ex-
travasate into the region of the tear. More recent reports
suggest that three-compartment (radiocarpal, DRU], and
midcarpal) injections are a more accurate method of as-
sessing TFCC lesions. Care must be taken when inter-
preting wrist arthrograms because a high occurrence of
false-negative readings has been reported. Asymptomatic
TFCC, interosseous ligament tears, and details of the ex-
act tear location may also appear on wrist arthrography,
although adjacent soft tissue structures or articular sur-
faces are not well delineated.

MRI of the wrist has evolved into a useful resource in
diagnosing TFCC lesions. Although an experienced radi-
ologist is imperative, the coils and techniques are now ap-
proaching arthroscopy in sensitivity and predictive value
of TFCC tears. Potter and associates (1997) reported
that MRI had a sensitivity of 100%, specificity of 90%,
and accuracy of 97% in 57 wrists with arthroscopically
verified TFCC lesions. The advantage of MRI over
arthrography lies in the ability to identify the location of
the lesion. Potter and associates reported sensitivity of
100%, specificity of 75%, and accuracy of 92% in locating
the structure injured. Gadolinium MRI arthrograms are no
longer necessary to produce significant results.

The “gold standard” in diagnosing wrist injuries is
arthroscopy. No other technique is as accurate or reliable
in locating the lesion. In addition, arthroscopy allows the
surgeon to palpate and observe every structure in the
wrist, making it easier to treat all possible components of
the injury. Arthroscopy also avoids the complications as-
sociated with open wrist surgery and allows a speedier re-
habilitation after immobilization.

Treatment

Surgical intervention for TFCC injuries is indicated
only after a full course of nonoperative measures.

Initially, the wrist is braced for 4 to 6 weeks. NSAIDs
are used and occasionally a corticosteroid injection may be
beneficial. After immobilization, physical therapy is initi-
ated. First, active-assisted and passive ROM exercises are
begun. Then, aggressive motion exercises and resisted
strengthening rehabilitation are added, followed by plyo-
metric and sports-specific therapy. Most patients with
TFCC tears respond well to bracing and therapy.

If nonoperative care fails and symptoms persist,
surgery is indicated. In athletes, surgery may be done ear-
lier because of competitive and seasonal considerations.
Although a controversial issue, delaying surgical treat-
ment of TFCC tears may adversely affect the outcome.
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Surgical intervention is predicated on the type of
TFCC tear. Treatment of some tears remains controver-
sial, whereas treatment of others is more widely ac-
cepted.

For type 1A tears, débridement of the central
tear is usually preferred if there is no DRU] instability.
Up to two thirds of the central disc can be removed
without significantly altering the biomechanics of
the wrist. Care must be taken to avoid violating the
volar or dorsal radioulnar ligaments to prevent DRU]
instability.

Type 1B tears affect the periphery of the TFCC.
This is recognized by the loss of the “trampoline” effect
of the central disc. Repairs of these tears usually heal be-
cause of the adequate blood supply.

Type 1D tears fall in the controversial category. Tra-
ditional treatment has been débridement of the tear, fol-
lowed by early motion. Several authors, however, have
reported improved results with surgical repair of these
tears. In our clinic, repair of radial-sided tears to the sig-
moid notch of the radius is preferred.

Type 2 tears are degenerative by definition and often
occur in athletes who stress their wrists (gymnastics,
throwing and racquet sports, wheelchair sports). Nonop-
erative treatment should be continued for at least 3
months before arthroscopy. Most of these lesions are in
patients with an ulna neutral or positive wrist. In these
patients, débridement of the central degenerative disc
tear is followed by an extra-articular ulnar shortening
procedure such as the wafer procedure.

Rehabilitation Protocol
After TFCC Débridement
Byrk, Savoie, and Field

The protocol initially focuses on tissue healing and early
immobilization. When TECC repair is performed, the
wrist is immobilized for 6-8 weeks and forearm prona-
tion/supination is prevented for the same period of time
with the use of a Miinster cast.

Phase 1: 0-7 Days

® Soft dressing to encourage wound healing and decrease

Rehabilitation Protocol
After Repair of TFCC Tear (with or without Lunotriquetral Pinning)
Byrk, Savoie, and Field

Phase 1
0-7 Days

e The immediate postoperative period focuses on de-
creasing the soft tissue edema and the joint effusion.
Maintaining an immobilized wrist and elbow is impot-
tant, and a combination of ice or cold therapy and ele-
vation are desired. The upper extremity is placed in a
sling.

Finger flexion/extension exercises are initiated to
prevent possible tenodesis and decrease soft tissue

soft tissue edema.

edema. ‘

Phase 2: 7 Days-Variable

¢ ROM exercises are encouraged.
¢ Return to normal activities as tolerated.

Phase 3: When Pain Free

® Resisted strengthening exercises, plyometrics and sports-
specific rehabilitation (see later).

¢ Active-assisted and passive shoulder ROM exercises are
instituted to prevent loss of motion in the glenohumeral
joint. These are performed at home.

7 Days-2 Weeks
¢ During the first office visit, the sutures are removed and
a Miinster cast is applied. Once again, the wrist is com-
pletely immobilized and elbow flexion/extension is en-
couraged.
e Hand and shoulder ROM exercises are continued.
¢ Sling is removed.
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Rehabilitation Protocol
After Repair of TFCC Tear (with or without Lunotriquetral Pinning) (Continued)
Byrk, Savoie, and Field

Phase 2 ; Ball is push-passed to a partner or trampoline.
4-8 Weeks On return, the ball is taken into the chest
® The Miinster cast is removed and a removable Miinster position.
cast is applied. Elbow flexion and extension are contin- Medicine ball throw in which a medicine ball is
ued, but forearm rotation is avoided. ‘ push-passed off a wall and rebounded in the chest
¢ Gentle wrist flexion/extension exercises are initiated. position.
¢ Progression to a squeeze ball is begun. Medicine ball throw in which the ball is grasped
¢ Hand and shoulder exercises are continued. : in one hand in the diagonal position and thrown
‘ to a partner or trampoline. Rebound is taken in
Phase 3 the diagonal position over the shoulder. This
8 Weeks may be performed across body or with both
¢ The Miinster cast is removed and a neutral wrist splint X hands.
is used as needed. Medicine ball throw in which the patient is ly-
¢ Lunotriquetral wires are removed in the office. ing supine with upper extremity unsupported ab-

ducted to 90 degrees and externally rotated to 90

3 Months degrees. A medicine ball weighing 8 ounces—2

® Progressive active and passive ROM exercises are insti- ‘ pounds is dropped by a partner from a height of
u

2-3 feet. When the ball is caught, it is returned
to partner in a throwing motion as rapidly as
possible.

Medicine ball push-up with wrist in palmar flex-
ion, dorsiflexion, radial deviation, and ulna devia-
tion. This may be performed with the knees on
the ground to begin with and progress to weight
on toes as strength returns.

e Sports-specific exercises are designed to emulate the bio-
mechanical activity encountered during play. With over-
head and throwing athletes, the following program
should be instituted:

¢ Initially, ROM exercises establish pain-free motion.
All aforementioned exercises are instituted and de-
veloped.

e Weighted baton is used to re-create the motion of

tuted in the six planes of wrist motion (see section on
distal radial fractures).

® Once pain-free ROM exercises are accomplished,
strengthening exercises are begun.

I. Weighted wrist curls in six planes of wrist motion
using small dumbbells or elastic tubing. This in-
cludes the volar, dorsal, ulnar, radial, pronation, and
supination directions. Once strength returns, the
Cybex machine may be used to further develop
pronation-supination strength.

2. Four-way diagonal upper extremity patterns utilizing
dumbbells, cable weights, or elastic tubing.

3. Flexor-pronator forearm exercises. Wrist begins in
extension, supination, and radial deviation, and uti-
lizing a dumbbell as resistance, the wrist is brought
into flexion, pronation, and ulnar deviation.

4. Resisted finger extension/flexion exercise with hand ,‘ . . -
. . . ; throwing, shooting, or racquet sport. This is pro-
grips and elastic tubing.

5. Upper extremity plyometrics are institured. Once gressed to elastic resistance. Ball-free batting practice

is likewise b .
wall-falling/push-off is accomplished (see 6A, be- 5 Jreewise besun. .
i o . | ¢ Finally, actual throwing, shooting, or overhead rac-
low), weighted medicine ball exercises are begun. 1 .
’ ! quet activities are begun.

Initially, 2 one-pound ball is used; then the weight ¢ Contact athletes, such as football linemen, will begin

f the ball i d as indicated. ) .
o1 the Dafl 1s progressed as i lc.a © o bench presses and bench flies. Initially, the bars are
6. The plyometric exercises are tailored to the patient’s . . . . .
| unweighted. Painless weight progression and repeti-

activity interests. If the patient is an athlete, sports- . . .
tion progression as tolerated is performed.

specific exercises are added. . . ) h . .
Wall-falling in which a patient stands 3—4 feet Work-hardening tasks such as using a wrench and pliers

from a wall. Patient falls into the wall, catching |
on hands, and rebounds to starting position. !
Medicine ball throw in which a medicine ball is Phase 4
grasped with both hands in overhead position. Ball
is thrown to a partner or trampoline. On return,
the ball is taken into the overhead position.
Medicine ball throw in which a medicine ball is
grasped with both hands in chest position.

—

to tighten nuts and bolts. A screwdriver may be used to
tighten/loosen screws.

3 Months
* Minimum time for splint-free return to sports.
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De Quervain’s Tenosynovitis

S. Brent Brotzman, MD, Steven J. Meyers, MD,
and Kyle Phillips, PA

Background

This disorder is the most common overuse injury in-
volving the wrist and often occurs in individuals who reg-
ularly use a forceful grasp coupled with ulnar deviation of
the wrist (such as in a tennis serve).

Injury occurs because of inflammation around the
tendon sheath of the abductor pollicis longus (APL) and

Extensor
pollicis A
brevis First dorsal

compartment

Abductor
pollicis
longus

extensor pollicis brevis (EPB) in the first dorsal compart-
ment (Fig. 1-71A). Pain and tenderness localized over
the radial aspect of the wrist (over the first dorsal com-
partment) are the typical presenting symptoms.

Finklestein test is diagnostic for de Quervain’s
tenosynovitis (Fig. 1-71B). This test places stress on the
APL and EPB by placing the thumb into the palm of a
“fist,” then ulnarly deviating the wrist. Mild de Quer-
vain’s may present with pain only on resisted thumb
MCP joint extension.

The other possible causes of pain in the “radial
dorsal pain” category include:

Figure 1-71. A, Anatomic arrangement of the first
dorsal extensor compartment. The tunnel contains
the extensor pollicis brevis tendon and one or more
slips of the abductor pollicis longus tendon. B,
Finkelstein test. Flexion and uinar deviation of the
wrist with the fingers flexed over the thumb. Pain
over the first compartment strongly suggests de
Quervain’s stenosing tenosynovitis. (From Idler RS:
Helping the patient who has wrist or hand
tenosynovitis. § Musculoskel Med 14[2]:183-189,
1997. Artist: Teri McDermott.)



¢ CMC arthritis of the thumb—pain and crepitance
are present with the thumb “crank and grind test.”
This test is done by applying axial pressure to the
thumb while palpating the first CMC joint. (The
crank and grind test is positive only with CMC
arthritis of the thumb. Both de Quervain’s and CMC
arthritis may have a “positive” Finklesteins test and
pain on thumb motion; however, the crank and grind
test will be positive only in arthritis of the basal joint
[CMC(] of the thumb.)

® Scaphoid fracture—tender in the anatomic snuff box.

¢ Chauffeur’s fracture —radial styloid fracture.

o Intersection syndrome—more proximal pain and
tenderness (see later in this chapter).

Conservative Management

A thumb spica splint is used to immobilize the first
dorsal compartment tendons with a commercially avail-
able splint or, depending on the patient’s comfort, a
custom-molded Orthoplast device. The splint maintains
the wrist in 15 to 20 degrees of extension and the
thumb in 30 degrees of radial and palmar abduction.
The IP joint is left free, and motion at this joint is en-
couraged. The patient wears the splint during the day
for the first 2 weeks and at night until the next office
visit, generally at 6 to 8 weeks. Splinting may continue
longer, depending on the response to treatment. The
splint can be discontinued during the day if symptoms
permit and if daily activities are gradually resumed.
Workplace activities are advanced accordingly. Other
considerations include:

® A corticosteroid sheath injection can be offered to
patients with moderate to marked pain or with
symptoms lasting more than 3 weeks. The injection
should individually distend the APL and EPB
sheaths. Discomfort after injection is variable, and
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a 2- to 3-day supply of mild analgesic is recom-
mended.

¢ A systemic NSAID is commonly prescribed for the
initial 6 to 8 weeks of treatment.

® Thumb use is restricted so that the first dorsal com-
partment tendons are at relative rest. Activities that
require prolonged thumb IP joint flexion, pinch, or
repetitive motions are avoided.

® Distal-to-proximal thumb Coban wrapping, retro-
grade lotion, or ice massage over the radial styloid.

* Phonophoresis with 10% hydrocortisone can be used
for edema control.

¢ Gentle active and passive thumb and wrist motion
are encouraged 5 minutes every hour to prevent joint
contracture and tendon adhesions.

Operative Management

Symptoms are often temporarily relieved and the pa-
tient elects to repeat the management outlined previ-
ously. Unsarisfactory symptom reduction or symptom per-
sistence requires surgical decompression.

Multiple separate compartments for the APL (which
typically has two to four slips) and the EPB require de-
compression. Extreme caution in the approach will spare
sensory branches of the lateral antebrachial cutaneous
nerve and dorsal sensory branches of the radial nerve.
Before decompression, the encasing circular retinacular
fibers that arc across the radial styloid should be ex-
posed. The floor of this compartment is the tendinous
insertion of the brachioradialis tendon, which sends
limbs to the volar and dorsal margins of the compart-
ment. The APL and EPB tendons may be difficult to
differentiate, especially in the absence of septation.
When this Y tendinous floor is identified, it can serve
as a landmark to indicate decompression of the first dor-
sal compartment. H

Rehabilitation Protocol
After Decompression for de Quervain’s Tenosynovitis

0-2 Days
¢ Leave the IP joint free and encourage motion as allowed
by the soft tissue compressive surgical dressing.
¢ Remove the dressing 2 days after surgery.
® Begin gentle active motion of the wrist and thumb.

2-14 Days

® The presurgical splint is worn for comfort and motion
exercises are continued.

o At the 10th—L4th day, sutures are removed.

e Patients commonly complain of some hypersensitivity

—

and numbness at and distal to the incision site. Desensi-
tization may be necessary. Digital massage of the area is
usually sufficient, and the complaint almost always
resolves.

1-6 Weeks

¢ Strengthening program is advanced and scar desensitiza-
tion is continued as necessary.

¢ Unrestricted activity generally should not be allowed
until about 6 weeks after surgery.
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Intersection Syndrome of the Wrist

S. Brent Brotzman, MD

Background

Intersection syndrome is tendinitis or tenosynovitis of
the first and second dorsal compartments of the wrist {Fig.
1~72). The muscle and tendons of these two compart-
ments traverse each other at a 60-degree angle, three fin-
gerbreadths proximal to the wrist joint on the dorsal aspect
(several centimeters proximal to Lister’s tubercle). This is
proximal to the location of de Quervain’s tenosynovitis.

This overuse syndrome most often occurs in rowing,
skiing, racquet sports, canoeing, and weightlifting. In
skiers, the mechanism of injury is repetitive dorsiflexion
and radial deviation of the wrist as the skier withdraws the
planted ski pole from resistance of deep snow. Weightlifters
who overuse their radial extensors of the wrist and perform
excessive curling get intersection syndrome.

Physical Examination

* Examination reveals point tenderness to palpation on
the dorsum of the wrist, three fingerbreadths proxi-
mal to the wrist joint.

® Crepitation or “squeaking” may be noted with passive
or active motion of the involved tendons, and
swelling (tenosynovitis) may be visible along the two
compartments.

¢ Pain is present on wrist flexion or extension (dor-
sally), rather than on radial and ulnar deviation as in
de Quervain’s tenosynovitis (e.g., Finklestein test is
positive in de Quervain’s; Table 1-10).

Prevention

Skiers should be instructed in proper powder skiing
pole techniques, such as avoiding deep pole planting and
pole dragging. Decreasing ski pole length by 2 inches and

Rehabilitation Protocol
After Surgical Decompression of Intersection Syndrome

0-14 Days

® Keep the wrist in neutral position within the surgical
plaster splint.

* Encourage digital, thumb, and elbow motion as comfort
allows.

® Remove the sutures at 10—14 days after surgery.

2-4 Weeks

* Maintain the presurgical splint until the patient can per-
form the activities of daily living with little pain.

® Active and active-assisted wrist extension and flexion
exercises should attain full preoperative values by 4

weeks after surgery.

Extensor carpi Abductor
radialis brevis pollicis
tendon longus

Extensor carpi Extensor
radialis longus pollicis
tendon brevis

Figure 1-72. Wrist anatomy. The tendinitis of intersection syn-
drome occurs in the area shown. (From Servi JT: Wrist pain from
overuse. Physician Sports Med 25[12]:41, 1997.)

decreasing the basket diameter to 2 inches may help pre-
vent intersection syndrome.

Treatment

e Exacerbating activities (e.g., rowing) are avoided for
several weeks.

¢ A removable commercial thumb spica splint (wrist in
15 degrees of extension) is used to immobilize and
support the thumb for 3 to 6 weeks.

¢ Training modifications are made on resumption of ac-
tivity (e.g., avoid excessive weight curling).

* Cryotherapy is used several times a day (ice massage
with frozen water from a peeled-away Styrofoam cup).

e NSAIDs are given, and a corticosteroid injection of
the compartment may be effective (avoid injection of
the actual tendon).

® Gentle ROM exercises of the wrist and hand are be-
gun, and wrist extensor strengthening is begun after
the patient is asymptomatic for 2 to 3 weeks to avoid
repetitive “overuse” of relatively “weak” musculo-
tendinous units. M

4-6 Weeks

e Advance the strengthening program.

¢ Anticipate full activities at the end of the sixth week af-
ter surgery.

e Use the splint as needed.

® Scar desensitization techniques may be necessary, includ-
ing the use of a transcutaneous electric nerve stimula-
tion (TENS) unit if the scar region is still tender 6
weeks after surgery.
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Distinctive Clinical Findings in Common Forms of Tenosynovitis

Tenosynovitis

Findings

Differential Diagnosis

Intersection syndrome

de Quervain’s

Sixth dorsal compartment

Flexor carpi radialis tunnel
syndrome

Trigger finger

Edema, swelling, and crepitation in the intersection
area; pain over the dorsum of the wrist that is
exacerbated by wrist flexion and extension, unlike
the pain of de Quervain’s tenosynovitis, which is
exacerbated by radial and ulnar deviation; pain
extends less radially than it does in de Quervain’s
tenosynovitis.

Pain along the radial aspect of the wrist that worsens
with radial and ulnar wrist deviation; pain on
performing Finkelstein maneuver is pathognomonic

Pain over the ulnar dorsum of the wrist that is
worsened by ulnar deviation and wrist extension;
other planes of motion may also be painful;
tenderness over the sixth dorsal compartment;
instability of the extensor carpi ulnaris is shown by
having the patient circumduct the wrist while
rotating the forearm from pronation to supination.

Pain, swelling, and erythema around the palmar
radial aspect of the wrist at the flexor carpi radialis
tunnel; pain exacerbated by resisted wrist flexion

Pain on digital motion, with or without associated
triggering or locking at the interphalangeal joint of
the thumb or proximal interphalangeal joint of other
fingers; may be crepitus or a nodular mass near the
first annular pulley that moves with finger excursion.

Wartenberg's syndrome, de Quervain’s tenosynovitis

Arthritis of the first carpometacarpal joint; scaphoid
fracture and nonunion; radiocarpa! arthritis;
Wartenberg’s syndrome; intersection syndrome

Extensor carpi ulnaris instability; triangular
fibrocartilage complex tears; lunotriquetral ligament
tears; ulnocarpal abutment syndrome; distal
radioulnar joint arthritis; traumatic rupture of the
subsheath that normally stabilizes this tendon to the
distal ulna

Retinacular ganglion; scaphotrapezial arthritis, first
carpometacarpal arthritis; scaphoid fracture/nonunion;
radial carpal arthritis; injury to the palmar cutaneous
branch of the median nerve; Lindberg’s syndrome
(tendon adhesions between the flexor pollicis longus
and the flexor digitorum profundus)

Connective tissue disease; partial tendon laceration;
retained foreign body; retinacular ganglion; infection;
extensor tendon subluxation

From Idler RS: Helping the patient who has wrist or hand tenosynovitis. | Musculaskel Med 14(2):62, 1997.

Dorsal and Volar Carpal
Ganglion Cysts

S. Brent Brotzman, MD, and Anna Williams, PT

Background

Dorsal carpal ganglion cysts rarely originate from
sites other than near the scapholunate interval. These
cysts may decompress into the EPL or common extensor
tendon sheaths and may appear to arise from sites remote
from their origin (Fig. 1-73).

A dorsal transverse incision in a Langer line over the
scapholunate interval clearly exposes the pathology

through a window bounded by the second and third dor-
sal compartments radially, the fourth compartment ul-
narly, the dorsal intercarpal ligament distally, and the
dorsal radiocarpal ligament proximally.

Volar carpal ganglion cysts originate from the flexor
carpal radialis tendon sheath or from the articulations be-
tween the radius and the scaphoid, the scaphoid and the
trapezium, or the scaphoid and the lunate. Excision of
these cysts, as with dorsal carpal ganglion cysts, should
include a generous capsulectomy at the site of the cyst
origin.

Differential Diagnosis of Wrist Ganglia

Non-neoplastic Masses

Neoplastic Masses

Extraskeletal

Soft Tissue

Aneurysm/arteriovenous malformation

Anomalous muscle and other anomalous structure
Bursa

Displaced tendon

Benign tumor (chondroma, fibroma, giant cell tumor of
tendon sheath, hemangioma, lipoma, neuroma)

Malignant tumor (epithelioid sarcoma, malignant fibrous
histiocytoma, metastasis, synovial sarcoma)

continued
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Differential Diagnosis of Wrist Ganglia (Continued)

Non-neoplastic Masses

Neoplastic Masses

Extraskeletal

Soft Tissue

Foreign body granulomas

Hypertrophic structure

Nerve entrapment

Nerve ganglion

Periarticular calcaneal

Post-traumatic {(neuroma, tendon remnant)
Repetitive use fibrosis

Scar

Tendon entrapment

Tuberous sclerosis

Skeletal

Avrthritic residuum

Pigmented villonodular synovitis
Post-traumatic residuum: subluxed scaphoid

Skeletal

Benign tumor (cyst, chondroma, giant cell tumor, collagen
osteochondroma, osteoid osteoma)

Malignant tumor (chondrosarcoma, metastasis, osteosarcoma)

Infectious

Fungus, mycobacteria, pyogen, tuberculosis

Disease/Metabolic

Rheumatoid arthritis and disease, rheumatoid nodule, synovial
cyst, tenosynovitis

Gout and pseudogout
Neuritis (PIN), vasculitis, amyloidosis

From Kozin SH, Urban MA, Bishop AT, Dobyns JH: Wrist ganglia: diagnosis and treatment. J Musculo Med 10(1):21, 1993.

Distal interphalangeal
joint (mucous cyst)

Intratendon
area (ganglion)

2nd-3rd
carpometacarpal
joint {(ganglion)

Dorsal carpus
(ganglion)

Guyon's canal
{(ganglion)

Ulnar carpus
(ganglion)

Figure 1-73. Common sites for development of ganglia. (From Kozin SH, Urban MA, Bishop AT, Dobyns SH: Wrist
ganglia: diagnosis and treatment. J Musculoskel Med 10[1]:21, 1993. Artist: Dan Beisiel.)




Physical Examination (Fig. 1—74)

Dorsal ganglion cysts are most visible with the wrist
flexed.

Palpation may produce mild discomfort, and provoca-
tion motion (extremes of wrist flexion and wrist ex-
tension) often increases pain.

For volar wrist ganglion, differential diagnosis in-
cludes vascular lesions, and an Allen test should be
performed for vascular patency.
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Treatment

¢ Conservative treatment, which may include cortico-
steroid injection, is tried first.

* [f symptoms persist, excision of the ganglion may be
indicated.

® Postoperative resolution is usual for both volar and
dorsal ganglia (more than 90% with ideal technique),
but recurrence or even new formation of ganglion or
pain is possible.

Rehabilitation Protocol
After Excision of Wrist Ganglion

2 Weeks

* Remove the short arm splint and sutures.

* Initiate active and active-assisted wrist extension and
flexion.

¢ Continue interval splint wear during the day between
exercises and at night.

2-4 Weeks

¢ Advance ROM exercises to resistive and gradual
strengthening exercises.

¢ Discontinue the splint at 4 weeks.

4-6 Weeks

¢ Allow normal activities to tolerance.

6 Weeks
¢ Allow full activity.

Findings in Common Conditions of the Hand and Wrist

Degenerative Arthritis of the Fingers

Heberden’s nodes (most common).
Bouchard’s nodes (common).

Mucous cysts (occasional).

Decreased motion at involved IP joints.
Instability of involved joints (occasional).

Basilar Joint Arthritis of the Thumb

Swelling and tenderness of the basilar joint.

L]
¢ Subluxation of the basilar joint (shuck test) (more severe cases).
¢ Reduced motion at the basilar joint (palmar abduction, opposition).

Weakened opposition and grip strength.
Abnormal compression grind test.
¢ Hyperextension of the first MCP joint (more severe cases).

Carpal Tunnel Syndrome

¢ Median nerve compression and Phalen test abnormal (most sensitive tests).

s Tinel sign over the median nerve (frequent).

* Abnormal sensation {two-point discrimination) in the median nerve distribution {(more severe cases).

* Thenar eminence softened and atrophied (more severe cases).
¢ Weakened or absent thumb opposition (more severe cases).

continued
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Findings in Common Conditions of the Hand and Wrist (Continued)

de Quervain’s Stenosing Tenosynovitis

¢ Tenderness and swelling over the first dorsal compartment at the radial styloid.
® Finkelstein’s test aggravates pain.

Ganglion

* Palpable mass (may be firm or soft).

e Most common locations: the volar hand at the web flexion crease of the digits or the transverse palmar crease, the dorsal wrist
near the ECRL and ECRB tendons, the volar wrist near the radial artery.

* Mass transilluminates (larger ganglia).

Dupuytren’s Disease

e Palpable nodules and pretendinous cords in palmar aponeurosis, most commonly affecting the ring or the little finger.
¢ Secondary flexion contracture of the MCP and, occasionally, PIP joints.

Rheumatoid Arthritis

Boggy swelling of muitiple joints (MCP joints and wrist joint most commonly involved).

Boggy swelling of the tenosynovium of the extensor tendons over the dorsum of the wrist and the hand (common).

Boggy swelling of the tenosynovium and the flexor tendons on the volar surface of the wrist (common).

Secondary deformities in more severe cases, such as ulnar deviation of the MCP joints and swan-neck and boutonniére deformities.
Secondary rupture of extensor or flexor tendons (variable).

Flexor Tendon Sheath Infection

¢ Cardinal signs of Kanavel present.

¢ Finger held in flexed position at rest.

» Swelling along the volar surface of the finger.

» Tenderness on the volar surface of the finger along the course of the flexor tendon sheath.
* Pain exacerbated by passive extension of the involved finger.

Injury to the Ulnar Collateral Ligament of the Metacarpophalangeal Joint of the Thumb (Skier’s or gamekeeper's thumb)

¢ Swelling and tenderness over the ulnar aspect of the thumb MCP joint.
* Pain exacerbated by stress of the UCL.
e Increased laxity of the thumb UCL (more severe injuries)

Ulnar Nerve Entrapment at the Wrist

e Compression of the ulnar nerve at Guyon's canal reproduces symptoms {most sensitive test).
¢ Abnormal Tinel sign over Guyon’s canal (variable).

» Weakness of intrinsic muscles (finger abduction or adduction) (most severe cases).

o Atrophy of the interossei and the hypothenar eminence (most severe cases).

¢ Abnormal sensation in the little finger and the uinar aspect of the ring finger (variable).

¢ Abnormal Froment sign (variable).

Scapholunate Instability

» Swelling over the radial wrist. X-rays show increased scapholunate gap on clenched fist view (> 1 mm).
¢ Tenderness over the dorsal wrist over the scapholunate ligament.
¢ Scaphoid shift test produces abnormal popping and reproduces the patient’s pain.

Mallet Finger

* Flexed or dropped posture of the finger at the DIP joint.
¢ History of jamming injury (impact of a thrown ball).
¢ Inability to actively extend or straighten the DIP joint.

Jersey Finger (FDP Avulsion)

e Mechanism is hyperextension stress applied to a flexed finger (e.g., grabbing a player's jersey).
e Patient lacks active flexion at the DIP joint (FDP function lost).
¢ Swollen finger often assumes a position of relative extension compared to the other more flexed fingers.

Modified from Reider B: The Orthopaedic Physical Examination, Philadelphia, WB Saunders, 1999.
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Wrist mass (possible ganglion)
Typical history and Radiographics of wrist (PA and Atypical history and physical
physical examination < lateral) — normal results » | examination
Asymptomatic . . .
Serum studies and special imaging
(MRI, CT, ultrasonography).
¢ Consider differential diagnosis (see
above)
Observation
(40%-60% resolve)
Symptomatic
Volar (30%-40%) Dorsal (60%-70%)
Inject wrist Direct aspiration,

corticosteroid injection

s N |

Recurrence Resolution
Support until comfortable
Teach pressure massage
¢ Repeat 3 times if needed, with puncture
second and third times

Vascular check
Allen’s test / \
High-resolution or Doppler

ultrasonography

Resolution (85%) Recurrence (15%)

Complete excision

‘ _ |

Complete excision
¢ Consider removal of PIN
Terminal branch
Splint for 2-3 weeks,
Immediate motion of digits, forearm, *
elbow, and shoulder, but not the wrist

Early motion essential

Figure 1-74. Management of wrist ganglia. PA, posteroanterior; POIN, posterior interosseus nerve. (From Kozin SH,
Urban MA, Bishop AT, Dobyns SH: Wrist ganglia: diagnosis and treatment. J Musculoskel Med 10[1]:21, 1993.)
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Evaluation

Medial Collateral Ligament (Ulnar Collateral
Ligament) Injuries

Ulnar Nerve Injury at the Elbow
Flexion Contracture (Loss of Extension) in

Throwing Athletes

Basic Elbow Exercise Program

Treatment and Rehabilitation of
Elbow Dislocation

Lateral and Medial Epicondylitis
Isolated Fracture of the Radial Head
Elbow Arthroplasty

Olecranon Bursitis

Post-Traumatic Elbow Stiffness

Chapter 2
Elbow Injuries

Kevin Wilk, PT, and James R. Andrews, MD

Evaluation

We typically take an anatomically oriented approach to
identifying and treating elbow injuries. With few excep-
tions, pain in a particular area of the elbow is caused by
the surrounding or underlying physical structures (Fig.
2—-1). Injuries should also be classified into acute (such as
a radial head fracture or posterior elbow dislocation) or
progressive overuse with repetitive microtrauma. The
athlete should be able to localize his or her primary
symptoms into one of five areas.

Differential Diagnosis of Elbow Pain According
to Symptom Location (Figs. 2-2 t0 2-5)

Location Possible Disorders

Anterior Anterior capsular strain
Distal biceps tendon rupture/tendinitis
Dislocation of the elbow
Pronator syndrome (throwers)

Medial Medial epicondylitis

Ulnar collateral ligament injury (MCL)

Ulnar neuritis or ulnar nerve subluxation

Flexor pronator muscle strain

Fracture

Little League elbow in skeletally immature
throwers

Valgus extension overload overuse
symptoms

continued
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Differential Diagnosis of Elbow Pain According
to Symptom Location (Figs 2-2 to 2-5) (Continued)

Posteromedial ~ Olecranon tip stress fracture
Posterior impingement in throwers

Trochlear chondromalacia

Posterior Olecranon bursitis
Olecranon process stress fracture
Triceps tendinitis

Lateral Capitellum fracture

Cervical radiculopathy—referred pain
Lateral epicondylitis
Lateral collateral injury
Osteochondral degenerative changes
Osteochondritis dessicans (Panner’s disease)
Posterior interosseous nerve syndrome
Radial head fracture
Radial tunnel syndrome
Synovitis

MCL, medial collateral ligament.

Modified from Conway JE: Clinical evaluation of elbow injuries in the
athlete. J Musculoskel Med 10(3):20-28, 1988.

Thrower’s History

In a throwing athlete, the examiner should seek out de-
tails, including:

* Acute versus progressive injury.
¢ Intensity of symptoms.
¢ Duration of symptoms.

Lateral

| \

Lateral supracondyle ridge

Lateral epicondyle

Radial fossa
Capitellum
Radial head \ 3
\\\\W\\\ \,\‘"
Radial neck DY

Radial tuberosity

Radius

¢ Throwing schedule:

Frequency of throwing.

Intensity.

Duration.

Types and proportion of pitches delivered.

Delivery style (sidearm versus overhead—the for-

mer more injurious to the elbow).

® Types and proportions of throws delivered (e.g.,
cutves are more deleterious than fastballs).

¢ Rest periods employed.

o Warm-up and cool-down regimens employed.

® Phase the pain manifests in (e.g., early cocking,
acceleration, follow-through).

® Restriction of motion.

¢ Locking or checkrein-type symptoms.

Common Complaints in Throwing Athletes

Medial elbow pain from ulnar collateral ligament
(UCL) valgus overload (UCL injury) may present with
an acute “pop” or progressive medial elbow discomfort af-
ter heavy throwing. These athletes complain of losing sig-
nificant speed of their throw. Ulnar nerve signs (includ-
ing numbness and paresthesias radiating into the ulnar
two fingers) occur with UCL injury in up to 40% of ath-
letes. Instability of the ligament allows traction injury to
the ulnar nerve.

Posterior elbow pain often is present with valgus ex-
tension overload syndrome.

Medial

Humerus

Coronoid fossa

Medial epicondyle

Figure 2-1. Osseous structures
of the humeroradial and hu-
meroulnar joints.

Trochlear groove
Trochlea

Coronoid process

Ulnar tuberosity

Ulna



Anterior Capsule

Biceps Pronator
Tendinitis Syndrome
(Median Nerve)
Bicipital
Bursitis
Biceps
Rupture

Figure 2-2. Anterior elbow pain. (From Mellion MB, Walsh
WM, Shelton GL: The Team Physician’s Handbook, 3rd ed.
Philadelphia, Hanley and Belfus, 2000, pp. 419-420.)

Lateral elbow pain in throwers is produced by com-
pression and subsequent lesions of the radial head or
capitellum or resultant loose bodies.

Physical Examination

Physiologic/pathologic changes often noted in throwers
include:

Flexion contracture of elbow (loss of extension).
Cubitus valgus.

Flexor-pronator muscular hypertrophy.

Anterior capsular contracture.

Olecranon hypertrophy.

Posterior or anterior compartment loose bodies.

Mediat Epicondyle
Fracture
(Adolescents)

Medial Epicondylitis
Flexor
Pronator Strain

Medial Collateral / Cubital Syndrome
Ligament Sprain (Ulnar Nerve)
Figure 2-3. Medial elbow pain. (From Mellion MB, Walsh WM,
Shelton GL: The Team Physician’s Handbook, 3rd ed. Philadel-
phia, Hanley and Belfus, 2002, pp. 419-420.)
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Triceps
Tendinitis

Olecranon-
Impingement Syndrome
Loose Bodies

Triceps Rupture

Olecranon

Avulsion Fracture
Olecranon

Bursitis Stress Fracture

Figure 2-4. Posterior elbow pain. (From Mellion MB, Walsh
WM, Shelton GL: The Team Physician’s Handbook, 3rd ed.
Philadelphia, Hanley and Belfus, 2002, pp. 419-420.)

Medial Joint Examination

® Point tenderness at the medial epicondyle or muscu-
loskeletal junction indicates flexor-pronator strain
(rarely a defect is noted, indicating a tear).

¢ Tenderness on palpation of the anterior band of the
UCL differentiates pathology of the flexor-pronator
group from UCL laxity or tear.

® Pain or asymmetrical laxity on valgus stress testing
of the UCL should be noted. Valgus stress testing
is done by flexing the elbow 20 to 30 degrees
to unlock the olecranon, with a comparison of
the affected with the asymptomatic elbow. This
can be performed in the supine, prone, or seated
position.

Posterior Interosseous Nerve
Compression Syndrome
(Radial Nerve)

Lateral Radial Head Fracture

Epicondylitis Radiocapitellar Chondromalacia

Loose Bodies

Osteochondritis Dissecans of Capitelium

(Adolescent)

Figure 2-5. Lateral elbow pain. (From Mellion MB, Walsh WM,
Shelton GL: The Team Physician's Handbook, 3rd ed. Philadel-
phia, Hanley and Belfus, 2002, pp. 419-420.)
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The valgus extension snap maneuver is performed
by placing a firm valgus stress on the elbow, then
snapping the elbow into extension. Reproduction of
pain during this test is indicative of valgus extension
overload syndrome of the elbow.

The posteromedial ulnohumeral joint is palpated for
tenderness or osteophytes found in valgus extension
overload syndrome.

Inflammation of the ulnar nerve can be identified by
Tinel examination.

An attempt is made to sublux the ulnar nerve in its
cubital tunnel.

The fifth finger and ulnar half of the ring finger are
checked for paresthesias or sensory loss.

Lateral Joint Examination

The radiocapitellar joint is palpated to check for os-
teophytes.

Joint effusion may be palpable at the posterolateral
aspect of the joint.

® The stability of the lateral ligament complex is tested

with varus stressing.

® The lateral epicondyle is palpated for possible lateral
epicondylitis or “tennis elbow,” typically from a late

or mechanically poor backhand.

Posterior Joint Examination

o The olecranon is palpated for spurs, fractures, or

loose bodies.

¢ The triceps insertion is palpated for tendinitis or a

partial tear.

Anterior Joint Examination

e Anterior capsulitis produces poorly localized tender-

ness that can be identified by palpation.

® The biceps tendon and brachialis are palpated for

tendinitis or a partial tear.

¢ The “checkrein phenomenon” may produce symp-

toms and coronoid hypertrophy anteriorly.

Findings in Common Conditions of the Elbow and Forearm

Valgus Extension Overload Syndrome

Tenderness around the tip of the olecranon (posterior elbow)
Pain with forced passive elbow extension
Increased valgus laxity (variable)

Cubital Tunnel Syndrome

Tenderness over the course of the ulnar nerve

Abnormal Tinel sign over the ulnar nerve as it passes through
the cubital tunnel (at the elbow medially)

Ulnar nerve compression test abnormal
Elbow flexion test abnormal (variable)

Abnormal sensation (two-point discrimination or light touch),
little finger (fifth finger); ulnar aspect of ring finger (fourth
finger); ulnar aspect of hand (variable)

Weakness and atrophy of the ulnar-innervated intrinsic muscles
of the hand (variable)

Weakness of flexor digitorum profundus to the little finger
(variable)

Signs of concomitant ulnar nerve instability, elbow instability, or
elbow deformity (occasionally)

Lateral Epicondylitis (Extensor Origin Tendinitis)
Tenderness at the lateral epicondyle and at the origin of the
involved tendons

Pain produced by resisted wrist extension (see Lateral
Epicondylitis section)

Pain with passive flexion of the fingers and the wrist with the
elbow fully extended (variable)
Radial Tunnel Syndrome

Tenderness in the extensor muscle mass of the forearm at the
arcade of Frohse (distal to lateral epicondyle)

Long finger extension test reproduces familiar pain

Weakness of finger and thumb extensors and extensor carpi
ulnaris (unusual); see text

Pronator Teres Syndrome

Tenderness in the proximal forearm over pronator teres

Abnormal sensation (two-point discrimination or light touch) in
the thumb, index finger, long finger, and radial side of ring
finger (variable)

Prolonged resisted pronation reproduces symptoms
Weakness of median innervated muscle (variable)
Rare, but often incorrectly diagnosed as carpal tunnel

Resisted elbow flexion and forearm supination reproduces
symptoms (compression at the lacertus fibrosus)

Resisted long finger proximal interphalangeal joint flexion
reproduces symptoms (compression by the flexor digitorum
superficialis)

Weakness of median innervated muscles (variable)
Anterior Interosseous Nerve Syndrome

Weakness of flexor pollicis longus and flexor digitorum
profundus to index finger (O sign)

Weakness of pronator quadratus (variable)

Medial Epicondylitis (Flexor-Pronator Tendinitis)
Tenderness over the common flexor origin

Resisted wrist flexion test reproduces pain

Resisted forearm pronation reproduces pain
Differentiate this from UCL tear and/or cubital tunnel syndrome
(ulnar nerve)

Distal Biceps Tendon Rupture

Swelling

Ecchymosis

Palpable gap in the biceps tendon

Weak or absent supination and elbow flexion
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Ulnar Collateral Ligament (UCL) Strain or Tear

Medial elbow joint pain in a thrower

Complete tears open on valgus stress testing with the elbow
flexed at 25 degrees (compared to the uninvolved side)

incomplete tears are tender on palpation of the UCL, but
don't open on valgus stressing

Differentiate this from a flexor-pronator strain or medial
epicondylitis (see text)
Nursemaid's Elbow (Pulled Elbow Syndrome)

Mean age is 2 to 3 years old

History of longitudinal traction on an extended elbow

A partial slippage of the annular ligament over the head of
the radius and into the radiocapitellar joint

History is critical to making diagnosis

Child typically holds the arm at the side with the hand
pronated (palm down)

Closed reduction is highly successful (86 to 98%). First
supinate (palm up) the forearm. Then hyperflex the elbow.

Findings in Common Conditions of the Elbow and Forearm (Continued)

Modified from Reider B: The Orthopaedic Physical Examination. Philadelphia, WB Saunders, 1999.

Keep the examiner’s thumb over the radial head laterally to
feel the snap of the ligament reduction

Little League Elbow
Term encompasses a spectrum of pathologies about the
elbow joint in young developing (pediatric) throwers

Four distinct vulnerable areas to throwing stress: (1) medial
elbow tension overload; (2) lateral articular surface
compression overload; (3) posterior medial shear forces; and
(4) extension overload of the lateral restraints

May present as Panner’s disease (necrosis of the capitellum),
OCD, medial epicondylar fracture, medial apophysitis, medial
ligament rupture, posterior osteophyte formation at the tip
of the olecranon

This subset of pediatric throwing athletes should be
evaluated by a pediatric orthopaedic surgeon

Osteoarthritis

Restricted flexion or extension
Effusion (variable)

Rehabilitation Rationale for Throwers

General Rehabilitation Principles

Rehabilitation of the elbow complex in a throwing

Repetitive throwing results in muscular and bony hyper-
trophic changes about the elbow. Slocum was one of the
first to classify throwing injuries of the elbow into medial
tension and valgus compression overload injuries. Valgus
stress plus forced extension is the major pathologic mech-
anism of the thrower’s elbow. Tension (Fig. 2-6) is pro-
duced on the medial aspect of the elbow during throwing.
Compression is produced on the lateral aspect of the elbow.

athlete requires a carefully directed program to
ensure full restoration of motion and function. Fre-
quently after surgery, motion is lost as a result of the el-
bow’s high degree of joint congruency, capsular
anatomy, and soft tissue changes. To obtain full func-
tion without complications, a sequential, progressive
treatment program must be developed. This program re-

Classification of Injuries of the Elbow in
Throwing Athletes

Medial Stress

Flexor muscle strain or tear
Awvulsion of the medial epicondyle
Attenuation or tear of the MCL
Ulnar nerve traction

Lateral Compression

Hypertrophy of the radial head and capitellum
Avascular necrosis of the capitellum
Osteochondral fractures of the radial head or capitellum

Forced Extension

Olecranon osteophyte formation on tip of the olecranon process
Loose body formation
Scarring and fibrous tissue deposition in the olecranon fossa

MCL, medial collateral ligament.

quires that specific criteria be met at each stage before
advancement to the next one. The final goal is to re-
turn the athlete to the sport as quickly and as safely as
possible.

Several key principles should be considered during
the rehabilitation of a throwing athlete with an elbow
disorder. (1) The effects of immobilization must be
minimized. (2) Healing tissue must never be over-
stressed. (3) The patient must fulfill specific criteria
before progressing from one phase to the next during
the rehabilitation process. (4) The rehabilitation
program must be based on current clinical and
scientific research. (5) The rehabilitation program
should be adaptable to each patient and the patient’s
specific goals. Finally, these basic treatment principles
should be followed throughout the rehabilitation
process.

Elbow rehabilitation in throwing athletes gener-
ally follows a four-phase progression. It is important
that certain criteria be met at each level before ad-
vancement to the next stage. This allows athletes to
progress at their own pace based on tissue-healing con-
straints.
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Figure 2-6. A, Valgus forces at the elbow in-
jure the ulnar collateral ligament (UCL) and
compress the radiocapitellar joint. B, Patients
who have medial elbow instability with throw-
ing are subject to lateral compression forces (ar-
rowheads) on the radiocapitellar articulation and
medial valgus stress (arrow). This can lead to a
torn UCL. C, Valgus extension overload syn-
drome. Rapid elbow extension with valgus stress
and rotation causes medial traction, lateral com-
pression, and intra-articular posterior impinge-
ment. Such stress can injure the ulnar collateral
ligament, medial epicondyle apophysis, lateral
compartment, and posterior olecranon. (A, From
Nirsahl RP, Kraushaar BS: Assessment and treat-
ment guidelines for elbow injuries. Physician
Sports Med 24[5]:230, 1996; B, from Harding
WG: Use and misuse of the tennis elbow strap.
Physician Sports Med 20[8]:430, 1992; C, from
Fox GM, Jebson PT, Orwin IF: Over-use injuries
of the elbow. Physician Sports Med
23[8]:58-73.)



Phase 1: Regaining Motion

The first phase involves regaining motion lost during
immobilization after surgery. Pain, inflammation, and mus-
cle atrophy also are treated. Common regimens for inflam-
mation and pain involve modalities such as cryotherapy,
high-volrage galvanic stimulation (HVGS), ultrasound,
and whirlpool. Joint mobilization techniques can also be
used to help minimize pain and promote motion.

To minimize muscular atrophy, submaximal isometric
exercises for elbow flexors and extensors, as well as for
the forearm pronators and supinators, are started early.
Strengthening of the shoulder should also begin relatively
early to prevent functional weakness. Care should be
taken early in the rehabilitation program to restrict
shoulder external rotation movements that may place
valgus stress on the medial structures of the elbow.

Elbow flexion contracture is common after an elbow
injury or surgery when range of motion (ROM) is not
treated appropriately. Fifty percent of baseball pitchers
have been found to have flexion contractures of the el-
bow, and 30% have cubitus valgus deformities. Preven-
tion of these contractures is the key. Early ROM is vital
to nourish the articular cartilage and promote proper col-
lagen fiber alignment. A gradual increase in and early
restoration of full passive elbow extension are essential to
prevent flexion contraction. Several popular techniques
to improve limited ROM are joint mobilization, contract-
relax stretching, and low-load, long-duration stretching
for the restoration of full elbow extension.

Joint mobilizations can be performed to the humer-
oulnar, humeroradial, and radioulnar joints. Limited el-
bow extension tends to respond to posterior glides of the
ulna on the humerus. The grade of the mobilization de-
pends on the phase of rehabilitation in effect.

Another technique to restore full elbow extension is
low-load, long-duration stretching (Fig. 2-7). A good
passive overpressure stretch can be achieved by having
the patient hold a 2- to 4-pound weight or use an elastic
band with the upper extremity resting on a fulcrum just

Figure 2-7. Low-load, long-duration stretching of the elbow
for restoration of full elbow extension.
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proximal to the elbow joint to allow for greater exten-
sion. This stretch should be performed for 10 to 12 min-
utes to incorporate a long-duration, low-intensity stretch.
Stretching of this magnitude has been found to elicit a
plastic collagen tissue response, resulting in permanent
soft tissue elongation. It is important to note that if the
intensity of this stretch is too great, pain and/or a protec-
tive muscle response may result, which could inhibit col-
Jagen fiber elongation.

Phase 2: Regaining Strength and Endurance

The intermediate phase consists of improving the pa-
tient’s overall strength, endurance, and elbow mobility. To
progress to this phase, the patient must demonstrate full
elbow ROM (0-135 degrees), minimal or no pain or ten-
derness, and a “good” (4/5) muscle grade for the elbow
flexor and extensor groups. During this phase, isotonic
strengthening exercises are emphasized for the entire arm
and shoulder complex.

Phase 3: Return to Functional Participation

The third phase is the advanced strengthening
phase. The primary goal in this phase is to prepare the
athlete for the return to functional participation and initia-
tion of throwing activities. A total arm strengthening
program is used to improve the power, endurance, and
neuromuscular control of the entire limb. Advancement
to phase 3 requires demonstration of full, pain-free ROM,
no pain or tenderness, and 70% strength compared with
the contralateral side.

Plyometric exercises are most beneficial in this phase;
these drills closely simulate functional activities, such as
throwing and swinging, and are performed at higher speeds.
They also teach the athlete to transfer energy and stabilize
the involved area. Plyometrics use a stretch-shortening cy-
cle of muscle, thus using eccentric/concentric muscle exten-
sion. For instance, greater emphasis is placed on the biceps
musculature in this phase of rehabilitation because it plays a
vital role eccentrically during the deceleration and follow-
through phases of the throwing motion by preventing hy-
perextension. One specific plyometric activity involves ex-
ercise tubing. Starting with the elbow flexed and the
shoulder in 60 degrees of flexion, the patient releases the
isometric hold, initiating an eccentric phase. As full exten-
sion is approached, the athlete quickly flexes the elbow
again, going into a concentric phase. The eccentric activity
produces a muscular stretch, thus activating the muscle
spindles and producing a greater concentric contraction.

The primary targets for strengthening in this phase are
the biceps, triceps, and wrist flexor/pronator muscles. The
biceps, the wrist flexors, and pronators greatly reduce valgus
stresses on the elbow during the throwing motion. Other
key muscle groups stressed in this phase are the triceps and
rotator cuff. The triceps are used in the acceleration phase
of the throwing motion, whereas attention to the rotator
cuff helps to establish the goal of total arm strengthening.
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To improve shoulder strength, the throwing athlete is
introduced to a set of exercises known as the “Thrower’s
Ten” program, later in this chapter.

Rehabilitation of an injured elbow is different from any
other rehabilitation program for throwing athletes. Initially, el-
bow extension ROM must be obtained to prevent elbow flex-
ion contracture. Next, valgus stress needs to be minimized
through the conditioning of elbow and wrist flexors, as well
as the pronator muscle group. Finally, the shoulder, especially
the rotator cuff musculature, must be included in the rehabili-

tation process. The rotator cuff is vital to the throwing
pattern and, if not strengthened, can lead to future shoulder
problems.

Phase 4: Return to Activity

The final stage of the rehabilitation program for the
throwing athlete is return to activity. This stage uses a pro-
gressive interval throwing program to gradually increase
the demands on the upper extremity by controlling
throwing distance, frequency, and duration.

Rehabilitation Protocol

Phase I: Immediate Motion Phase

Goals
* Improve or regain full ROM.
® Decrease pain or inflammation.
e Retard muscular atrophy.
Days 1-4
¢ ROM to tolerance (extension-flexion and supination-
pronation). Often full elbow extension is not possible
because of pain.
¢ Gentle overpressure into extension Fig.(2-8).

Figure 2—8. Gentle elbow overpressure into extension.

® Wrist flexion-extension stretches.

» Gripping exercises with putty.

e [sometrics, wrist extension-flexion.

® ]sometrics, elbow extension-flexion.

® Compression dressing, ice four to five times daily.
Days 5-10

* ROM exercises to tolerance (at least 20-90 degrees).

¢ Overpressure into extension.

® Joint mobilization to reestablish ROM.

o Wrist flexion-extension stretches.

® Continue isometrics.

Posterior Rehabilitation after Elbow Arthroscopy
(Posterior Compartment or Valgus Extension Overload Surgery)

e Continue use of ice and compression to control
swelling.

Days 11-14

o ROM exercises to tolerance {at least 10—100 degrees).

® Overpressure into extension (three to four daily).

e Continue joint mobilization techniques.

¢ [nitiate light dumbbell program (progressive resistance
exercise for biceps, triceps, wrist flexors, extensors,
supinators, and pronators).

e Continue use of ice postexercise.

Phase II: Intermediate Phase

Goals
® Improve strength, power, and endurance.
® Increase ROM.
® |nitiate functional activities.

Weeks 2—-4

¢ Full ROM exercises (four to five times daily).

e Overpressure into elbow extension.

* Continue progressive resistance exercise program for
elbow and wrist musculature.

® Initiate shoulder program (external rotation and rotator
cuff).

¢ Continue joint mobilization.

¢ Continue ice after exercise.

Weeks 5-7

¢ Continue all exercises listed above.
e Initiate light upper body program.
¢ Continue use of ice after activity.

Phase lll: Advanced Strengthening Program

Goals

e Improve strength, power, and endurance.

® Gradual return to functional activities.
Criteria to Enter Phase Il

¢ Full, nonpainful ROM.

e Strength 75% or more of contralateral side.
® No pain or tolerance.




Rehabilitation Protocol

Weeks 8-12

¢ Continue progressive resistance exercise program for
elbow and wrist.

¢ Continue shoulder program.

4:114-132, 1996.

Posterior Rehabilitation after Elbow Arthroscopy
(Posterior Compartment or Valgus Extension Overload Surgery) (Continued)

From Wilk KE, Arrigo CA, Andrews JR, Azar FM: Rehabilitation following elbow surgery in the throwing athlete. Operative Tech Sports Med
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* Continue stretching for elbow and shoulder.
* Initiate interval throwing program and gradually return
to sports activities.

Medial Collateral Ligament (Ulnar
Collateral Ligament) Injuries

David W. Altchek, MD, and Michael Levinson, PT

Important Rehabilitation Points

* The medial collateral ligament (MCL or UCL) of
the elbow has been clearly documented as a frequent
site of serious injury in overhead throwers.

¢ Pitching generates a large valgus force at the elbow.
These forces peak at the medial elbow during the
late cocking and early acceleration phases of throw-
ing as the elbow moves from flexion and extension,
at speeds that have been estimated to reach 3000
degrees/sec.

¢ Dillman and coworkers estimated that the typical
fastball thrown by an elite pitcher produces a load

that approaches the actual tensile strength of the
MCL.

Anatomy and Biomechanics

The MCL has two bundles of primary importance, ante-
rior and posterior (Fig. 2-9). These bundles tighten in
reciprocal fashion as the elbow is flexed and extended.
The anterior bundle tightens in extension and loosens in
flexion. The posterior bundle tightens in flexion and
loosens in extension.

Most MCL tears cause pain during the acceleration
phase of throwing.

Treatment

* The anterior bundle of the MCL is the primary fo-
cus of MCL reconstruction.

¢ The most common graft is the ipsilateral palmaris
longus; other options are the gracilis or semitendi-
nosis, or plantaris tendon.

. . Ulnor nerve
Anterior oblique

Posterior
oblique

Transverse oblique

Figure 2-9. UCL complex of the elbow, consisting of three
bundles: anterior, posterior, and transverse oblique. (From Wilk
KE, Arrigo CA, Andrews JR: Rehabilitation of the elbow in the
throwing athlete. J Orthop Sports Phys Ther 17:305, 1993.)

* Altchek recently described a “docking procedure” for
MCL reconstruction. The reconstruction is done
through a muscle-splitting approach that preserves
the flexor-pronator origin. This generally avoids ulnar
nerve transposition and minimizes the number of
bony tunnels required.

Rehabilitation after MCL reconstruction emphasizes
early, controlled ROM to avoid excessive stretching. The
patient is encouraged to wear the postoperative brace at
all times to avoid any chance of valgus stress being
placed on the graft. Passive stretching by the therapist

should also be avoided.
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Rehabilitation Protocol
Conservative Treatment of Medial (Ulnar) Collateral Sprains
Wilk, Arrigo, and Andrews

Phase 1: Immediate Motion Phase

Goals
® Increase ROM.
* Promote healing of UCL.
e Retard muscular atrophy.
¢ Decrease pain and inflammation.

Range of Motion

¢ Brace (optional) nonpainful ROM (20-90 degrees).

¢ Active-assisted ROM, passive ROM elbow and wrist
(nonpainful range).

Exercises

® [sometrics—wrist and elbow musculature.

e Shoulder strengthening (no external rotation strength-
ening).

Ice and Compression

Phase 2: Intermediate Phase

Goals

® Increase ROM.

¢ Improve strength and endurance.
® Decrease pain and inflammation.
¢ Promote stability.

Range of Motion
¢ Gradually increase motion 0—135 degrees (increase 10
degrees/wk).

Exercises

® [nitiate isotonic exercises
o Wrist curls.
® Wrist extension.
® Pronation-supination.
* Biceps-triceps.

Rehabilitation Protocol
After Chronic Ulnar Collateral Ligament iInjury:
Reconstruction Using Autogenous Graft

Phase 1: Immediate Postoperative Phase
(1-3 Weeks)
Goals

¢ Protect healing tissue.

® Decrease painfinflammation.

e Retard muscular atrophy.

Week 1

Brace
* Posterior splint at 90 degrees elbow flexion.
® Elbow compression dressing (2-3 days).

| ¢ Dumbbells: external rotation, deltoid, supraspinatus,
} rhomboids, internal rotation.

Ice and Compression

Phase 3: Advanced Phase

Criteria for Progression to Phase 2
¢ Full ROM.
¢ No pain or tenderness.
® No increase in laxity.
| * Strength ¥; of elbow flexors-extensors.

‘ Goals
® Improve strength, power, and endurance.
¢ Improve neuromuscular control.

Exercises

‘ ® Initiate exercise tubing, should program
¢ “Throwet's Ten” Program.

® Biceps-triceps program.

® Supination-pronation.

® Wrist extension-flexion.

Phase 4: Return to Activity Phase

Criteria for Progression to Return to Throwing
¢ Full, nonpainful ROM.
¢ No increase in laxity.
® [sokinetic test fulfills criteria.
* Satisfactory clinical examination.

Exercises

¢ Initiate interval throwing.

¢ Continue “Thrower’s Ten” program.
¢ Continue plyometrics.

Range of Motion
e Wrist active ROM extension-flexion.

Exercises

* Gripping exercises.

® Wrist ROM.

¢ Shoulder isometrics (no shoulder external rotation).
¢ Biceps isometrics.
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Rehabilitation Protocol
After Chronic Ulnar Collateral Ligament Injury:
Reconstruction Using Autogenous Graft (Continued)

Cryotherapy
Week 2

Brace

¢ Application of functional brace set at 30-100 degrees.
Exercises

® |nitiate wrist isometrics.

¢ Initiate elbow flexion-extension isometrics.

¢ Continue all exercises listed above.

Week 3

Brace
¢ Advance brace 15-110 degrees (gradually increase
ROM -5 degrees extension and 10 degrees flexion/wk).

Exercises
® Continue all exercises listed above.

Phase 2: Intermediate Phase (Weeks 4-8)
Goals

¢ Gradual increase in ROM.

® Promote healing of repaired tissue.

® Regain and improve muscular strength.

Week 4
Brace
® Functional brace set 10-120 degrees.

Exercises

® Begin light resistance exercises for arm (1 pound)
o Wrist curls, extensions, pronation, supination.
¢ Elbow extension-flexion.

® Progress shoulder programs emphasize rotator cuff strength-
ening (avoid external rotation of shoulder until week 6).
Week 6

Brace
¢ Functional brace set (0—130 degrees); active ROM
(0—145 degrees without brace).

Exercises
¢ Progress elbow strengthening exercises.

® [nitiate shoulder external rotation strengthening.
® Progress shoulder program.

Phase 3: Advanced Strengthening Phase
(Weeks 9-13)

Goals

¢ Increase strength, power, endurance.
¢ Maintain full elbow ROM.
® Gradually initiate sporting activities.

Week 9

Exercises
e Initiate eccentric elbow flexion-extension.
* Continue isotonic program; forearm and wrist.
® Continue shoulder program —“Thrower’s Ten” Program.
® Manual resistance diagonal patterns.
¢ Initiate plyometric exercise program.

Week 11
Exercises

* Continue all exercises listed above.
® Begin light sport activities (e.g., golf, swimming).

Phase 4: Return to Activity Phase (Weeks 14-26)

Goals
* Continue to increase strength, power, and endurance of
upper extremity musculature.
¢ Gradual return to sport activities.
Week 14
Exercises
e Initiate interval throwing program (phase 1).
® Continue strengthening program.
® Emphasis on elbow and wrist strengthening and flexibil-
ity exercises.

Weeks 22-26

Exercises
¢ Gradual return to competitive throwing.

Ulnar Nerve Injury at the Elbow
(Cubital Tunnel) (Fig. 2—10)

Repetitive valgus stresses to the elbow during throwing
often produce medial traction on the ulnar nerve. Ulnar
nerve injury results from repetitive traction combined
with elbow ligament laxity, recurrent subluxation or dislo-
cation of the nerve outside of the ulnar groove, compres-
sion of the nerve, or direct trauma.

Deficiency or laxity of the anterior bundle of the
UCL of the elbow commonly causes stress on the ulnar
nerve, and in throwers, these are often found concomi-

tantly. Throwers often have a hypertrophied forearm
flexor mass (attaching to the medial epicondyle) that
compresses the nerve during muscle contraction.

Initial treatment of ulnar nerve symptoms in throw-
ers is relative rest, cryotherapy, nonsteroidal anti-inflam-
matory drugs (NSAIDs), and modification of biomechani-
cal throwing errors. Surgical transposition of the nerve
may eventually be required (use of fasciodermal sling) for
recalcitrant symptoms.

The physician must examine for concomitant elbow pathol-
ogy (unstable UCL) in throwers with ulnar nerve symptoms. If
found, these other pathologies must be addressed.
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Figure 2—10. The five sites for potential ulnar nerve compression and the causes of compression at each site. (Adapted
from Amadio PC: Anatomical basis for a technique of ulnar nerve transposition. Surg Radiol Anat 8:155-201, 1986.)

Rehabilitation Protocol
After Ulnar Nerve Transposition

Phase 1: Immediate Postoperative Phase
(Week 1-2)

Goals

* Allow soft tissue healing of relocated nerve.
¢ Decrease pain and inflammation.

¢ Retard muscular atrophy.

Week 1

® Posterior splint at 90 degrees elbow flexion with wrist
free for motion (sling for comfort).

¢ Compression dressing.

e Exercises: gripping exercises, wrist ROM, shoulder iso-
metrics.

Week 2

e Remove posterior splint for exercise and bathing.

e Progress elbow ROM (passive ROM 15-120 degrees).
* Initiate elbow and wrist isometrics.

¢ Continue shoulder isometrics.

Phase 2: Intermediate Phase (Weeks 3-7)

Goals

® Restore full pain-free ROM.

¢ [mprove strength, power, endurance of upper extremity
musculature.

® Gradually increase functional demands.

Week 3
¢ Discontinue posterior splint.
® Progress elbow ROM, emphasize full extension.
* Initiate flexibility exercises for
* Wrist extension-flexion.
¢ Forearm supination-pronation.
¢ Elbow extension-flexion.
e Initiate strengthening exercises for
® Wrist extension-flexion.
® Forearm supination-pronation.
¢ Elbow extension-flexion.
e Shoulder program.

Week 6

¢ Continue all exercises listed above.
e Initiate light sport activities.

Phase 3: Advanced Strengthening Phase (Weeks
8-11)

Goals

¢ Increase strength, power, and endurance.

e Gradually initiate sporting activities.
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Rehabilitation Protocol
After Ulnar Nerve Transposition (Continued)

Week 8

 [nitiate eccentric exercise program.

* Initiate plyometric exercise drills.

® Continue shoulder and elbow strengthening and flexibil-
ity exercises.

* Initiate interval throwing program.

4:114-132, 1996.

From Wilk KE, Arrigo CA, Andrews JR, Azar FM: Rehabilitation following elbow surgery in the throwing athlete. Operative Tech Sports Med

Phase 4: Return to Activity Phase (Weeks 12-16)
Goals

Gradual return to sporting activities.

Week 12

* Return to competitive throwing.
* Continue “Thrower’s Ten” program.

Treating Flexion Contracture (Loss of
Extension) in Throwing Athletes

* Gelinas and colleagues reported that 50% of profes-
sional baseball pitchers they tested had a flexion con-
tracture (loss of extension) of the elbow.

* Typically a loss of up to 10 degrees of extension is
unnoticed by the athlete and is not required for
“functional” elbow ROM.

® Joint mobilization and low-load, long-duration
stretching (see Fig. 2—7) are advocated for restora-
tion of extension.

* High-intensity, short-duration stretching is con-
traindicated for limited elbow ROM (may produce
myositis ossificans).

¢ Initial treatment includes moist heat and ultrasound,
dynamic splinting at night during sleep (low-load,
long-duration stretch), joint mobilizations, and
ROM exercises at end ranges, done several times a
day.

¢ If nonoperative measures fail in the rare patient with
loss of functional motion, arthroscopic arthrolysis may
be required.

e Accelerated rehabilitation after this surgery is re-
quired, but overly aggressive rehabilitation must be
avoided to avoid inflammation (and thus reflex
splinting and stiffening) of the elbow.

Rehabilitation Protocol
After Arthroscopic Arthrolysis of the Elbow

Phase 1: Immediate Motion Phase

Goals
¢ Improvement of ROM.
¢ Reestablishing full passive extension.
¢ Retard muscular atrophy.
® Decrease pain/inflammation.

Days 1-3

® ROM to tolerance (elbow extension-flexion) (two sets
of 10/hour).

¢ Overpressure into extension (at least 10 degrees).

® Joint mobilization.

* Gripping exercise with putty.

¢ Isometrics for wrist and elbow.

® Compression and ice hourly.

Days 4-9
o ROM extension-flexion (at least 5—120 degrees).
e Overpressure into extension— 5-pound weight, elbow in
full extension (four to five times daily).

* Joint mobilization.
e Continue isometrics and gripping exercises.
® Continue use of ice.

Days 10-14

¢ Full passive ROM.

¢ ROM exercises (two sets of 10/hour).
e Stretch into extension.

e Continue isometrics.

Phase 2: Motion Maintenance Phase
Goals

® Maintain full ROM.

® Gradually improve strength.

® Decrease pain/inflammation.

Weeks 2-4
® ROM exercises (four to five times daily).
e Overpressure into extension—stretch for 2 minutes
(three to four times daily).
continued
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Rehabilitation Protocol

e Initiate progressive resistance exercise (PRE) program
(light dumbbells)
¢ Elbow extension-flexion.
¢ Wrist extension-flexion.
® Continue use of ice postexercise.

4:114-132, 1996.

A Basic Elbow Exercise Program
(Performed Three Times a Day)

Kevin Wilk, PT

1. Deep Friction Massage
Deep transverse friction across the area of the elbow
that is sore; 5 minutes, several times daily (not
shown).

2. Grip
Grip apparatus, putty, small rubber ball, and the
like. Use as continuously as possible all day long
(not shown).

3. Stretch Flexors (Fig. 2—-11)
Straighten elbow completely. With palm facing up,
grasp the middle of the hand and thumb. Pull the
wrist down as far as possible. Hold for 10 counts.
Release and repeat 5 to 10 times before and after
each exercise session.

4. Stretch Extensors
Straighten elbow completely. With the palm facing
down, grasp the back of the hand and pull the wrist
down as far as possible. Hold for a 10 count. Re-
lease and repeat 5 to 10 times, before and after each
exercise session.

Progressive Resistance Elbow Exercises

Begin each PRE with one set of 10 repetitions with-
out weight, progressing to five sets of 10 repetitions as tol-
erable. When you are able to easily perform five sets of 10
repetitions, you may begin adding weight. Begin each PRE
with one set of 10 repetitions with 1 pound, progressing to
five sets of 10 as tolerable. When you are able to easily
perform five sets of 10 repetitions with 1 pound, you may
begin to progress your weight in the same manner.

In a preventative elbow maintenance program (ex-
cluding specific rotator cuff exercises), it is permissible to

After Arthroscopic Arthrolysis of the Elbow (Continued)

From Wilk KE, Arrigo CA, Andrews JR, Azar FM: Rehabilitation following elbow surgery in the throwing athlete. Operative Tech Sports Med

-‘ Weeks 4-6
} ¢ Continue all exercises listed above.
‘ ¢ [nitiate interval sport program.

advance weight as tolerable with strengthening exercises,
taking care to emphasize proper lifting technique.

5. Wrist Curls (Fig. 2-12)
The forearm should be supported on a table with
the hand off the edge; the palm should face up-
ward. Using a weight or hammer, lower that hand
as far as possible and then curl it up as high as
possible. Hold for a two count.

Figure 2-11. Flexor stretching. (From Wilk KE: Elbow Exercises.
Health South Handout, 1993.)



Figure 2-12. Wrist Curls. (From Andrews JR, Wilk KE: The Ath-
lete’s Shoulder New York, Churchill Livingstone, 1994, p. 707.)

6. Reverse Wrist Curls (Fig. 2—13)

The forearm should be supported on a table with
the hand off the edge; the palm should face down-
ward. Using a weight or hammer, lower the hand
as far as possible and then curl the wrist up as
high as possible. Hold for a two count.

. Neutral Wrist Curls (Fig. 2—-14)

The forearm should be supported on a table with
the wrist in neutral position and the hand off the
edge. Using a weight or hammer held in a normal
hammering position, lower the wrist into ulnar devi-
ation as far as possible. Then bring into radial devi-
ation as far as possible. Hold for a two count. Relax.
. Pronation (Fig. 2-15)

The forearm should be supported on a table with
the wrist in neutral position. Using a weight or
hammer held in a normal hammering position, roll
the wrist and bring the hammer into pronation as
far as possible. Hold for a two count. Raise back to
the starting position.

. Supination (Fig. 2-16)

The forearm should be supported on the table with
the wrist in neutral position. Using a weight or

Figure 2-13. Reverse wrist curls. (From Wilk KE: Elbow exer-
cises. HealthSouth Handout, 1993.)
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Figure 2-14. Neutral wrist curls. (From Wilk KE: Elbow exer-
cises. HealthSouth Handout, 1993))

10.

11.

12.

hammer held in a normal hammering position, roll
the wrist bringing the hammer into full supination.
Hold for a two count. Raise back to the starting
position.
Broomstick Curl-up (Fig. 2-17A)
Use a 1- to 2-foot broom handle with a 4- to 5-
foot cord attached in the middle with a 1- to 5-
pound weight tied in the center.
* Extensors (see Fig. 2-17B)
Grip the stick on either side of the rope with
the palms down. Curl the cord up by turning
the stick toward you (the cord is on the side of
the stick, away from you). Once the weight is
pulled to the top, lower the weight by unwind-
ing the stick, rotating it away from you. Repeat
three to five times.
¢ Flexors
Same as above exercise {extensors), but have
the palms facing upward.
Bicep Curl (Fig. 2-18)
Support the arm on the opposite hand. Bend the
elbow to full flexion, then straighten the arm com-
pletely.
French Curl (Fig. 2-19)
Raise the arm overhead. Take the opposite hand
and give support at the elbow. Straighten the el-
bow over the head, hold for a two count.

)

—

Figure 2-15. Pronation exercises. (From Andrews IR, Wilk KE:

The Athlete’s Shoulder. New York, Churchill Livingstone, 1994,
p. 387.)
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Figure 2-16. Supination exercises. (From Wilk KE:
Elbow exercises. HealthSouth Handout, 1993.)

Figure 2-18. Biceps curl. {From Andrews JR, Wilk KE: The Ath-
lete’s Shoulder. New York, Churchill Livingstone, 1994, p. 706.)

Eccentric Elbow Pronation (Fig. 2-20)

Holding a hammer in the hand (tied to a rubber band),
start with the hand supinated, pronate against the rubber
band. Then slowly allow the rubber band to overpower
the wrist into supination.

Figure 2-17. Broomstick curl-up. (From Wilk KE:
Elbow exercises. HealthSouth Handout, 1993.)

Figure 2-19. French curl. (From Wilk KE: Elbow exercises.
HealthSouth Handout, 1993.)

Eccentric Elbow Supination (Fig. 2-21)

Holding a hammer in pronation (tied to a rubber band),
supinate against the rubber band resistance. Then slowly
allow the rubber band to overpower the wrist into prona-
tion. l



Figure 2-20. Eccentric elbow pronation exercise. (From An-
drews JR, Wilk KE: The Athlete’s Shoulder. New York, Churchill
Livingstone, 1994, p. 708.)

Figure 2-21. Eccentric elbow supination exercise. (From An-
drews JR, Wilk KE: The Athlete’s Shoulder. New York, Churchill
Livingstone, 1994, p. 708.)

Treatment and Rehabilitation
of Elbow Dislocations

Kevin Wilk, PT, James R. Andrews, MD

Rehabilitation Considerations

¢ Elbow dislocations constitute 10 to 25% of all in-
juries to the elbow.

* Ninety percent of elbow dislocations produce poste-
rior or posterolateral displacement of the forearm rel-
ative to the distal humerus.

o Fractures associated with elbow dislocations most fre-
quently involve the radial head and the coronoid
process of the elbow.

e The distal radioulnar joint (wrist) and the in-
terosseous membrane of the forearm should be exam-
ined for tenderness and stability to rule out a possible
Essex-Lopresti injury.

® When intra-articular fractures of the radial head, olec-
ranon, or coronoid process occur with elbow dislo-
cation, this is termed a complex dislocation.

® Associated neurologic injury is very uncommon, with
the ulnar nerve the most commonly injured (stretch
neurapraxia).
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® A minor {but permanent) loss of terminal elbow ex-
tension (5-15 degrees) is the most common sequela
after posterior elbow dislocation.

® Pronation and supination are characteristically unaf-
fected after this injury.

* Elbow flexion returns first, with maximal improve-
ment usually taking 6 to 12 weeks. Elbow extension
returns more slowly and may continue to improve for
3 to 5 months.

Prolonged rigid immobilization has been associated with
the least satisfactory arc of elbow motion and should be
avoided.

* Heterotopic ossification (calcification) is common af-
ter elbow dislocation (up to 75% of patients) but
rarely limits motion (fewer than 5% of patients). The
most common sites for periarticular calcification are
the anterior elbow region and the collateral liga-
ments.

® Mechanical testing confirms a 15% average loss of el-
bow strength after elbow dislocation.

e Approximately 60% of patients do not believe the
injured elbow is as “good” as the uninvolved elbow at
the end of treatment.

Classification

The traditional classification of elbow dislocations di-
vides injuries into anterior (2%) and posterior disloca-
tions. Posterior dislocations are further subdivided accord-
ing to the final resting position of the olecranon in
relation to the distal humerus: posterior, posterolateral
(most common), posteromedial (least common), and
pure lateral.

Morrey makes a clinical distinction between com-
plete dislocation and perched dislocation (Fig. 2-22).
Because perched dislocations have less ligament tearing,
they have a more rapid recovery and more rapid rehabili-
tation. For a complete elbow dislocation, the anterior
capsule must be disrupted. The brachialis must also be
tomn or significantly stretched.

Many elbow dislocations are accompanied by some
type of UCL involvement. More specifically, the anterior
oblique band of the UCL is affected. Tullos and col-
leagues found that the anterior oblique band of the UCL
was torn in 34 of 37 patients who had previously experi-
enced a posterior elbow dislocation. Repair of this liga-
ment is sometimes indicated in athletes if the injury oc-
curs in the dominant arm. This optimizes the chance for
full return to the athlete’s previous level of competition.

Evaluation, Work-up, and Reduction

¢ Swelling and deformity are noted on initial inspection.
¢ Concomitant upper extremity injuries should be
ruled out by palpation of the shoulder and wrist.
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Figure 2-22. Simplified classification of elbow dislocation has prognostic implications. A, Perched
(subluxed). B, Complete (dislocated). (A and B, From Morrey BF: Biomechanics of the elbow and fore-

arm. Orthop Sports Med 17:840, 1994.)

e Complete neurovascular examinations should be
done before and after reduction.
¢ For posterior dislocations:

The player is removed from the field with the arm
supported.

A neurovascular examination is done, and the pa-
tient is placed prone with the arm flexed at 90
degrees over the edge of the table (Fig. 2-23).

Any medial or lateral translation of the proximal
ulna is gently corrected.

The physician grasps the wrist and applies traction
and slight supination of the forearm to distract

and unlock the coronoid process from the olecra-
non fossa.

An assistant places countertraction on the arm.
Pressure is applied to the olecranon while the
arm is pronated (i.e., palm down) to complete
the reduction.

An obvious “clunk” indicates reduction.

Neurovascular examination is repeated and elbow
instability is evaluated by placing the elbow
through a gentle ROM, watching for instability
as the elbow is extended. Instability noted at a
certain degree of extension (e.g., 20 degrees)

Figure 2-23. A, Reduction of a simple posterior elbow dislocation can be done with the patient lying prone and the
injured elbow flexed about 90 degrees over the edge of the table. B, After correcting any medial or lateral transla-
tion of the proximal ulna, the clinician applies downward traction to the forearm and gentle pressure to the

olecranon.



should be documented and conveyed to the ther-
apist.

The arm is placed in a sling (at 90 degrees) and
iced and elevated.

If an immediate on-the-field reduction cannot be
performed, muscle relaxation in the emergency
room is of great importance.

Radiographs (anteroposterior [AP] and lateral) of
the elbow, forearm, and wrist are obtained to en-
sure that no associated fractures are present.

Surgical Indications

e For acute elbow dislocations when flexion of the el-
bow beyond 50 to 60 degrees is required to maintain
reduction.

e When the dislocation is associated with an unstable
fracture about the joint.

Recurrent Instability after Elbow Dislocation

e Recurrent elbow instability is extremely rare, occur-
ring in fewer than 1 to 2% of patients.

e The MCL has been identified as the primary stabi-
lizer of the elbow joint. Exam and repair of the MCL
complex and flexor-pronator musculotendinous origin
is recommended.
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® The lateral elbow ligaments play a role in stability,
keeping the elbow from subluxing posteriorly

and rotating away (posterolateral rotatory insta-
bility).

Important Rehabilitation Points

¢ Early active mobilization (within the first 2-3
weeks) is needed to avoid post-traumatic stiffness
(not passive mobilization).

¢ Dynamic elbow splints or patient-adjusted progressive
static splints should be used if motion is not steadily
improving at 4 to 6 weeks after injury.

¢ Valgus stressing should be avoided during rehabili-
tation because it can lead to instability or repeat
dislocation.

® Excessive early passive ROM should be avoided be-
cause it increases swelling and inflammation.

® Beginning at week 1, a hinged ROM elbow brace
preset from 30 to 90 degrees is worn.

¢ Each week, motion in the brace is increased by 5 de-
grees of extension and 10 degrees of flexion.

¢ Forced terminal extension should be avoided.
Full elbow extension is less critical for the non-
throwing patient and is preferable to recurrent in-
stability.

Rehabilitation Protocol
After Elbow Dislocation
Wilk and Andrews

Phase 1 (Days 1-4)

* Immobilization of elbow at 90 degrees of flexion in a
well-padded posterior splint for 3—4 days.

¢ Begin light gripping exercises (putty or tennis ball).

¢ Avoid any passive ROM
(patient to perform active ROM when the posterior
splint is removed and replaced with a hinged elbow
brace or sling).

* Avoid valgus stresses to the elbow.

¢ Use cryotherapy and HVGS.

Phase 2 (Days 4-14)

¢ Replace the posterior splint with a hinged elbow brace
initially set at 15-90 degrees.

® Wrist and finger active ROM in all planes.

¢ Active elbow ROM (awoid valgus stress).
® Flexion-extension-supination-pronation.

¢ Multiangle flexion isometrics.

® Multiangle extension isometrics (avoid valgus stress).

e Wrist curls/reverse wrist curls.

® Light biceps curls.

® Shoulder exercises (*avoid external rotation of shoul-
der, because this places valgus stress at the elbow).
The elbow is stabilized during shoulder exercises.

Phase 3 (Weeks 2-6)

¢ Hinged brace settings O degrees to full flexion.

* PRE progression of elbow and wrist exercises.

® Okay to initiate some gentle low-load, long-duration
stretching (see Fig. 2—7) around 5—-6 weeks for the pa-
tient’s loss of extension.

¢ Gradual progression of weight with curls, elbow exten-
sion, and so on.

¢ Sports-specific exercises and drills initiated.

® External rotation and internal rotation exercises of the
shoulder may be incorporated at 6—8 weeks.

® Around 8 weeks in the asymptomatic patient, start in-
terval throwing program.

¢ No return to play until strength is 85 to 90% of the un-
involved limb.
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Lateral and Medial Epicondylitis

Champ L. Baker Jr., MD, and Mark Baker, PT

Lateral Epicondylitis (‘Tennis Elbow)
Background

Lateral epicondylitis (tennis elbow) is defined as a
pathologic condition of the wrist extensor muscles at
their origin on the lateral humeral epicondyle. The tendi-
nous origin of the extensor carpi radialis brevis (ECRB) is
the area of most pathologic change. Changes can also be
found in the musculotendinous structures of the extensor
carpi radialis longus, extensor carpi ulnaris, and extensor
digitorum communis (Fig. 2—24A). Overuse or repetitive
trauma in this area causes fibrosis and microtears in in-
volved tissues. Nirschl referred to the microtears and the
vascular ingrowth of the involved tissues as angiofibro-
blastic hyperplasia. He also suggested the degenerative
process should be termed tendinosis rather than tendinitis.

Extensor carpi radialis longus

Extensor carpi radialis brevis

Most patients with lateral epicondylitis are between
the ages of 30 and 55 years, and many have poorly condi-
tioned muscles. Ninety-five percent of tennis elbow occurs
in non—tennis players. Ten to 50% of regular tennis players
experience tennis elbow symptoms of varying degree some
time in their tennis lives. The most common cause of ten-
nis elbow in tennis players is a “late,” mechanically poor
backhand (Fig. 2—25) that places excess force across the
extensor wad, that is, the elbow “leads” the arm. Other
contributing factors include incorrect grip size, string ten-
sion, poor racquet “dampening,” and underlying weak mus-
cles of the shoulder, elbow, and arm. Tennis grips that are
too small often exacerbate or cause tennis elbow.

Often a history of repetitive flexion-extension or
pronation-supination activity and overuse is obrained
(e.g., twisting a screw driver, lifting heavy luggage with
the palm down). Tightly gripping a heavy briefcase is a
very common cause. Raking leaves, baseball, golfing, gar-
dening, and bowling can also cause lateral epicondylitis.

Figure 2-24. A, Lateral extensor wad.
B, Patient with lateral epicondylitis (tennis
elbow) has local tenderness and pain di-
rectly over the midpoint of the lateral epi-
condyle when the wrist is extended against
resistance. (A, Redrawn from Tullos H,
Schwab G, Bennett JB, Woods GW: Factors
influencing elbow instability. Instr Course
Lect 30:185-99, 1981; B, from Shaffer B,
O'Mara J: Comman elbow problems, part
2: management specifics. J Musculoskel
Med 14[4]:30, 1997.)
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A B
Figure 2-25. A, "Late” backhand or “leading with the elbow” causes excessive repetitive force across
the extensor wad of the elbow. This results in lateral epicondyfitis (tennis elbow). B, In the correct posi-
tion, the arm strikes the ball early, in front of the body, and the arm is raised and extended in follow-
through. (From Harding WG: Use and misuse of the tennis elbow strap. Physician Sports Med 20[8]:40,

1992)
Physical Examination chronic irritation of the radiohumeral joint or cap-
Point tenderness typically occurs over the ECRB ori- sule, radiocapitellar chondromalacia or arthritis, ra-
gin at the lateral epicondyle (see Fig. 2—-24B). dial neck fracture, Panner’s disease, Little League el-
The tenderness may be more generalized over the com- bow, and osteochondritis dissecans of the elbow.

mon extensor wad insertion at the lateral epicondyle
(just distal and anterior to the lateral epicondyle).

The pain is often exacerbated by wrist extension
against resistance with the forearm pronated (palm
down).

Elbow extension may be mildly limited.

Mill's test may be positive. With this test, pain occurs
over the lateral epicondyle when the wrist and fin-
gers are completely flexed (Fig. 2-26).

With Maudsley's test, the patient may feel pain on re-
sisted extension of the middle finger at the MCP
joint when the elbow is fully extended (Fig. 2-27).
Evaluation should note possible sensory paresthesias
in the superficial radial nerve distriburion to rule out
a radial tunnel syndrome. Radial tunnel syndrome
(Fig. 2-28) is the most common cause of refractory
lateral pain and coexists with lateral epicondylitis in
10% of patients.

The cervical nerve roots should be examined to rule
out cervical radiculopathy.

Other conditions that should be considered include Figure 2-26. Mill test. Pain occurs over the lateral epicondyle
bursitis of the bursa below the conjoined tendon, when the wrist and fingers are completely flexed.
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Differential Diagnosis of Lateral Elbow Pain

Type, Site of Pain

Provocative Test

Neurologic Findings

Lateral Well localized point tenderness
epicondylitis over lateral epicondyle,
pain increases with use
Intra-articular Generalized elbow pain
pathology
Cervical Diffuse lateral arm pain;
radiculopathy neck pain and/or stiffness
Radial tunnel Vague, diffuse forearm ache; pain
syndrome more distal than in lateral epicon-

dylitis; pain present at rest

EMG, electromyography; NCS, nerve conduction study.

From Warhold LG, Osterman AL, Shirven T: Lateral epicondylitis: how to test it and prevent recurrence. J Musculoskel Med June 10(10):243, 1993.

Resisted wrist extension; resisted None
forearm pronation; chair-lift test

Axial compression test None
Limited neck ROM; Spurling test

positive

Resisted long-finger extension; resisted
forearm supination; positive
differential lidocaine injection

Abnormal reflex, sensory, or motor
examination results; abnormal
EMG/NCS

Paresthesias in the first dorsal web
space of hand (5-10%);
abnormal EMG/NCS (10%)

Nonoperative Treatment

Activity Modification

In nonathletes, elimination of the activities that are
painful is key to improvement (e.g., repetitive valve
opening).

Treatments such as ice and NSAIDs may lessen the
inflammation, but continued repetition of the aggra-
vating motion will prolong any recovery.

Often, repetitive pronation-supination motions and
lifting heavy weights at work can be modified or
eliminated. Activity modifications such as avoidance
of grasping in pronation (Fig. 2—29) and substituting
controlled supination lifting instead may relieve

¢ Lifting should be done with the palms wp (supina-

tion) whenever possible, and both upper extremities
should be used in a manner that reduces forcible el-
bow extension, supination, and wrist extension.

symptoms (Fig. 2-30).

Figure 2-27. Maudsley test for lateral epicondylitis. Pain on re-
sisted extension of the middle finger at the metacarpopha-

langeal (MCP) | joint when the elbow is fully extended.

Figure 2-28. Radial tunnel syndrome. Four potentially compres-
sive anatomic elements: (1) Fibrous bands overlying the radial
head and capsule. (2) Fibrous origin of the extensor carpi radi-
alis brevis (ECRB). (3) Radial recurrent arterial fan. (4) Arcade of
Frohse. (From Moss S, Switzer H: Radial tunnel syndrome: a
spectrum of clinical presentations. J Hand Surg 8:415, 1983))



Figure 2-29. Modify activity by avoiding grasping heavy objects
in pronation (i.e., incorrectly).

Correction of Mechanics

[f a late or poor backhand causes pain, correction of
the mechanics of the stroke is warranted.

Avoidance of ball impact that lacks a forward body
weight transference is stressed.

If typing with unsupported arms exacerbates the pain,
placing the elbows on stacked towels for support will

help.
Nonsteroidal Anti-inflammatory Drugs

[f not contraindicated, we use Cox-2 inhibitors (rofe-
coxib [Vioxx], celecoxib [Celebrex]) for their im-
proved safety profile.

Icing

Ten to 15 minutes of ice, four to six times a day.

Stretching

ROM of exercises emphasizing end-range and passive
stretching (elbow in full extension and wrist in flex-
ion with slight ulnar deviation) (Figs. 2-31 and
2-32).

Counterforce Bracing

Bracing is used only during actual play or aggravating
activity.
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A

Figure 2-30. Lifting in supination (palm up) with both upper
extremities. This is the correct way to avoid pain in patients with
lateral epicondylitis of the extensor wad.

® The tension is adjusted to comfort while the muscles
are relaxed so that maximal contraction of the finger
and wrist extensors is inhibited by the band (Fig.
2-33).

e The band is placed two fingerbreadths distal to the
painful area of the lateral epicondyle.

s Some authors recommend 6 to 8 weeks' use of a
wrist splint positioned in 45 degrees of dorsiflexion.

e Tennis players may reduce racquet string tension,
change the size of the grip (usually to a larger grip),
and change to a better dampening racquet. For grip
size, Nirschl recommended measuring the length
from the proximal palmar crease to the tip of the
ring finger with a ruler (Fig. 2-34). If the distance is
4.5 inches, the grip should be a 4'/,.

Cortisone Injection

¢ We have had excellent results with injection of corti-
sone for tennis elbow.

® We recommend injecting no more often than every 3
months, and no more than three injections a year to
avoid possible tendon rupture.
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Figure 2-31. Wrist extensor stretch for lateral epicondylitis.
With the elbow in extension and the wrist in flexion and slight
ulnar deviation, the patient performs five or six stretches, hold-
ing for 30 seconds. Repeat two or three times a day.

Technique

e Use 2 ml of lidocaine in a 25-gauge l-inch needle
centered at the point of maximal tenderness at the
ECRB origin, not entering the tendon.

® The needle is left in place, and then the syringe is
changed and 0.5 ml of betamerhasone (Celestone) is
injected. This is preferred rather than skin infiltra-
tion with cortisone to avoid skin and subcutaneous
tissue atrophy from the steroid.

Tennis elbow
strap
i
=sp
Al o = =
AT

Extensor carpi
radialis brevis

epicondyle

Figure 2-32. Wrist flexor wad stretching for medial epicondyli-
tis. With the elbow in extension and the wrist in extension and
slight radial deviation, the patient performs five or six stretches,
holding for 30 seconds. Repeat two or three times a day.

Range of Motion Exercises (see Figs. 2-31 and 2-32)

e Exercises emphasize end-range and passive stretching
(elbow in full extension and wrist in flexion with
slight ulnar deviation).

e Soft tissue mobilization is done with and perpendicu-
lar to the tissue involved.

* Phonophoresis or iontophoresis may be helpful.

Figure 2-33. Lateral counterforce brace for

elbow (lateral epicondylitis). Place the brace

5 =l two fingerbreadths distal to the lateral epi-
condyle (snug). This attempts to work as a

— counterforce brace that places some stress at

i et the brace itself rather than causing proximal
—~——— insertional pain at the lateral epicondyle.
b )
S



Figure 2-34. Nirschl technique for proper handle size measured
from the proximal palmar crease to the tip of the ring finger.
Place the measuring rule between the ring and the long fingers
for proper ruler placement on the palmar crease. The measure-
ment obtained is the proper handle size—that is, if this dis-
tance is 4'/, inches, the proper handle size is 4'/, inches. (By
permission of the Mayo Foundation for Medical Education and
Research.)

Strengthening Exercises

* A gentle strengthening program should be used for
grip strength, wrist extensors, wrist flexors, biceps, tri-
ceps, and rotator cuff strengthening.

Chapter 2: Elbow Injuries 109

¢ However, the acute inflammatory phase must have
resolved first, with 2 weeks of no pain before initia-
tion of graduated strengthening exercises.

® Development of symptoms (i.e., pain) modifies the
exercise progression, with a lower level of intensity
and more icing if pain recurs.

® The exercise program includes:
® Active motion and submaximal isometrics.
® [sotonic eccentric hand exercises with graduated

weights not to exceed 5 pounds.
o Wrist curls
Sit with the hand over the knee. With palm up

(supination), bend the wrist 10 times holding
a 1- to 2-pound weight. Increase to two sets of
10 daily; then increase the weight by 1 pound
up to 5-~6 pounds. Repeat this with the palm
down (pronation), but progress to only 4
pounds.

e Forearm strengthening
Hold the arm out in front of the body, palm

down. The patient clenches the fingers, bends
the wrist up (extension), and holds it tight
for 10 seconds. Next, with the other hand,
the patient attempts to push the hand down.
Hold for 10 seconds, 5 repetitions, slowly in-
creasing to 20 repetitions two to three times
a day.

Weight on the end of a rope (Fig. 2-35) can

be used to strengthen wrist flexors and exten-
sors. The patient rolls up a string with a
weight tied on the end. The weight can be
progressively increased. Flexors are worked
with the palms up; extensors with the palm
down.

Figure 2-35. Wrist flexors and extensors. The patient rolls up a string with a weight tied on the end.
The weight may be progressively increased. Flexors are worked with the palms up, the extensors with
the palms down. (From Galloway M, De Maio M, Mangine R: Rehabilitative techniques in the treatment
of medial and lateral epicondylitis. Orthopedics 15[9]:1089, 1992.)
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Figure 2-36. A, Wrist flexion-resistive training. B, Wrist extension-resistive training. C, Elbow flexion-Theraband training.
D, Elbow extension-Theraband training.

Elbow flexion and extension exercises (Figs.
2-36 and 2-37).
Squeeze a racquetball repetitively for forearm
and hand strength.
® Progress strength, flexibility, and endurance in a grad-
uated fashion with slow-velocity exercises involving
application of gradually increasing resistance. A “no-
pain—no-gain” philosophy is incorrect here.

Galloway, DeMaio, and Mangine also divide their
approach to patients with epicondylitis (medial or lat-

eral) into three stages: The mitial phase is directed to-
ward reducing inflammation, preparing the patient for
phase 2. The second phase emphasizes return of strength
and endurance. Specific inciting factors are identified
and modified. Phase 3 involves functional rehabilitation
designed to return the patient to the desired activity
level. This protocol is also based on the severity of the
initial symptoms and objective findings at initiation of
treatment.



Rehabilitation Protocol
Evaluation-based Rehabilitation of Medial and Lateral Epicondylitis
Galloway, DeMaio, and Mangine

When Protocol 1
(Severe Symptoms)

® Pain at rest.

® Point tenderness.

¢ Pain with minimally re-
sisted wrist extension.

¢ Swelling.

¢ Grip strength difference
(GSD) > 50%.

® > 5 degrees motion loss
at wrist or elbow.

¢ Duration of symptoms.

® Referred pain.

¢ Grip strength measure-
ment.

¢ Elbow palpation.

¢ Motion measurement.

¢ History of injury or incit-
ing activity.

¢ Differential diagnosis.

Evaluation

Phase 1 (Reduce
Inflammation)

Treatment

¢ Rest.

¢ Passive ROM.

¢ Cold therapy.

¢ Medications.

Phase 2 (Rehabilitation)

¢ Limit activity.

¢ Cold therapy.

® Stretching (static).

® Strengthening
(isometric).

¢ Ultrasound.

* HVGS.

¢ Proceed to protocol 2
when tolerating above.

¢ Surgical indications.

® Tolerate stretching/
strengthening with mini-
mal discomfort.

¢ Improve ROM.

® Maintain cardiovascular
conditioning.

Goals ® Resolution of pain at rest.

Protocol 2
(Mild/Moderate
Symptoms)

e Pain with activity only.

® Minimal point tenderness.

¢ Minimal pain with
resisted wrist flexion-
extension.

e GSD > 50%.

® No motion loss.

¢ Duration of symptoms.

® Referred pain.

¢ Grip strength measure-
ment.

e Elbow palpation.

® Motion measurement.

e History of injury or incit-
ing activity.

¢ Differential diagnosis.

Phase 1 (Reduce
Inflammation)

® Rest.

® Passive ROM.
¢ Cold therapy.
* Medications.

Phase 2 (Rehabilitation)

¢ Limit activity.
 Flexibility.

® Strengthening.

¢ Transverse friction
massage.

Cold therapy.

HVGS.

Ultrasound.

Proceed to protocol 3.

® No pain with daily
activity.

¢ No pain with stretch-
ing/(PREs).

¢ Full ROM.

Prepare for functional

rehabilitation.

Maintain cardiovascular

conditioning.
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Rationale: Patients begin a rehabilitation protocol based on their symptoms and objective physical findings. The initial phase
of each protocol is directed toward restoring ROM at the wrist and elbow. Phase 2 involves strength training and a structured
return to activity. First, obtain relief of acute pain and then increase forearm extensor power, flexibility, and endurance.

Protocol 3
(Symptoms Resolved)

® No pain with daily
activity.

® No referred pain.

Full ROM.

GSD < 10%.

® Review initial injury or

inciting activity.

Identify requirements for

returning to desired activ-

ity.

¢ Identify remaining func-
tional deficits.

e Preactivity flexibility.
¢ Strengthening
* [sokinetics.
¢ [sotonic.
¢ Modalities
e Whirlpool.
¢ Ice after activity.
Technique modification.
Equipment modification.
Counterforce bracing.
Friction massage.
Gradual return to activity.

¢ Pain-free return to
activity.

® Prevent recurrence—
maintenance program of
stretching.
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Rehabilitation Protocol
After Lateral Epicondylitis Surgery

Baker and Baker

Days 1-7

e Position the extremity in a sling for comfort.

¢ Control edema and inflammation: apply ice for 20
minutes two or three times a day.

® Gentle hand, wrist, and elbow ROM exercises. Exercises
should be done in a pain-free range.

¢ Active shoulder ROM (glenohumeral joint), lower
trapezius setting.

Weeks 2-4

® Remove sling.

¢ Advance ROM passive motion. Passive motion should
be continued and combined with active-assisted motion
within the patient’s pain tolerance.

¢ Gentle strengthening exercises with active motion and
submaximal isometrics.

¢ Edema and inflammation control: continue ice applica-
tion 20 minutes two or three times a day.

¢ Shoulder strengthening: manual D1 and D2 propriocep-
tive neuromuscular facilitation to the glenohumeral

joint with the patient supine. Scapular strengthening
with manual resistance and continued lower trapezius
setting.

Weeks 5-7

® Advance strengthening as tolerated to include weights
or rubber tubing.

¢ ROM with contined emphasis on end-range and passive
overpressure.

¢ Edema and inflammation control with ice application
for 20 minutes after activity.

* Modified activities in preparation for beginning func-
tional training.

® Gentle massage along and against fiber orientation.

¢ Counterforce bracing.

Weeks 8-12

¢ Continue counterforce bracing if needed.
® Begin task-specific functional training.
* Return to sport or activities.

Surgical Treatment

Surgical treatment of tennis elbow is not considered
unless the patient has recalcitrant symptoms for more
than 1 year despite the nonoperative treatment previously
discussed. Various operations have been described for ten-
nis elbow pain. Many authors have recommended exci-
sion of torn, scarred ECRB origin, removal of granulation
tissue, and subchondral bone drilling for neovasculariza-
tion stimulation. The elbow capsule is not violated unless
intra-articular pathology exists. We prefer to treat these
patients arthroscopically whenever possible. Arthroscopic
release of the ECRB tendon and decortication of the lat-
eral epicondyle are analagous to the open procedure.
Arthroscopic treatment of lateral epicondylitis offers sev-
eral potential advantages over open procedures, and its
success rate is comparable. The lesion is addressed di-
rectly, and the common extensor origin is preserved.
Arthroscopy also allows for an intra-articular examination
for other disorders. It also permits a shorter postoperative
rehabilitation period and an earlier return to work or
sports.

Postoperatively, we encourage our patients to begin
active ROM within the first 24 to 48 hours. The patient
is usually seen for follow-up within the first 72 hours. At
this time, she or he is encouraged to begin extension and
flexion exercises. After the swelling subsides, usually 2 to
3 weeks after surgery, the patient can rapidly regain full

ROM and begin strengthening exercises. Return to
throwing sports is allowed when the patient has regained
full strength.

Medial Epicondylitis (Golfer's Elbow)

Medial epicondylitis (golfer’s elbow) is far less frequent
than lateral epicondylitis, but it also requires a detailed
examination because of the proximity to other medial
structures that may mimic medial epicondylitis. Exclusion
of other etiologies of medial elbow pain is important for
appropriate treatment.

Medial epicondylitis (often called golfer’s elbow) is
defined as a pathologic condition that involves the
pronator teres and flexor carpi radialis origins at the me-
dial epicondyle. However, abnormal changes in the
flexor carpi ulnaris and palmaris longus origins at the el-
bow may also be present.

Repetitive trauma resulting in microtears is a
causative factor. Throwing athletes who have repetitive
valgus stress on the elbow and repetitive flexor forearm
musculature pull develop an overuse syndrome that af-
fects the medial common flexor origin. Medial epi-
condylitis is an example of medial tension overload of the
elbow. Tennis, racquetball, squash, and throwing often
produce this condition. The serve and forearm strokes
are the most likely to bring on pain.
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Figure 2-37. Elbow Theraband strengthening exercises.

Examination

Medial epicondylitis is diagnosed clinically by pain
and tenderness to palpation localized to the medial epi-
condyle with wrist flexion and pronation against resis-
tance (Fig. 2-38). Medial pain is often elicited after
making a tight fist, and grip strength is usually de-
creased.

It is extremely important to differentiate medial epi-
condylitis from UCL rupture and instability. In the lat-
ter, valgus stress testing reveals UCL pain and opening
(instability) of the elbow joint (Fig. 2—39). Concomitant
ulnar neuropathy at the elbow may be present with either
of these conditions.

Differential Diagnosis
UCL Rupture in Throwers

e Valgus stress testing of the elbow identifies injury to
the UCL.

Wrist
flexion

Figure 2-38. Medial epicondylitis may be diagnosed clinically
by pain localized to the medial epicondyle during wrist flexion
and pronation against resistance. Pain is often elicited after
making a tight fist, and grip strength is usually diminished on
the affected side. (From Morrey BF: The Elbow and Its Disorders
Philadelphia, WB Saunders, 1985.)
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Pain in
ulnar

collateral
ligament

Figure 2-39. A, Medial joint pain elicited by placing a valgus stretch to the elbow identifies injury to the UCL. B, To
test for valgus instability, the patient’s elbow is supinated and flexed 20 to 25 degrees to release the olecranon. The
examiner stabilizes the humerus by grasping above the condyles with one hand. The other hand applies valgus stress
to the elbow with an abduction force to the distal ulna. (A, From Morrey BF: The Elbow and lts Disorders. Philadel-
phia, WB Saunders, 1985; 8, from Nirschl RP, Kraushaar BS: Assessment and treatment guidelines for elbow injuries.

Physician Sports Med 24[5]:230, 1996.)

A valgus stress is applied to the arm with the elbow
slightly flexed and the forearm supinated (see Fig.
2-39B). Opening of the joint is indicative of UCL
rupture and instability.

Ulnar Neuropathy

Tinel sign is positive at the elbow over the ulnar nerve
in the cubital tunnel (elbow) with chronic neuropathy.
Concomitant comptession neuropathy symptoms are
often present, with numbness and tingling into the
ulnar two (fourth and ffth) fingers.

Ulnar neuropathy in throwers is seldom isolated and
is often found concomitantly with the UCL injury or
medial epicondylitis because of traction on the nerve
in the unstable elbow.

Other causes of medial elbow pain to be considered
are osteochondritis dissecans of the elbow and os-
reoarthritis.

Nonoperative Treatment

Nonoperative treatment of medial epicondylitis is
similar to that of lateral epicondylitis and begins with
modifying or stopping activities that produce tension
overload, the underlying etiology of medial epicondyli-

tis, and correction of training errors (overuse) and
throwing mechanics causing the tension overload.
NSAIDs and icing are used for control of edema and
inflammation.

Braces exist that provide counterforce bracing to the
medial flexor wad, but we have had little success
with these.

Stretching and ROM exercises are the same as those
described for lateral epicondylitis.

After the acute pain and inflammation subside,
strengthening exercises of the elbow, forearm, wrist,
and rotator cuff are begun, concentrating on
strengthening of the wrist flexors (see Lateral epi-
condylitis Protocol).

For persistent symptoms, cortisone injection (0.5 ml
of betamethasone) into the area of maximal tender-
ness may be useful, but should be given no more fre-
quently than every 3 months and no more than three
injections per year (see section on injection tech-
nique for lateral epicondylitis). The needle must stay
anterior to the medial epicondyle to avoid the ulnar
nerve {posterior to the injection site). If the patient
has radiating pain down into the forearm or fingers (acci-
dental nerve injection), do not inject.

Surgical intervention may be indicated for symptoms
that persist longer than 1 year.
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Rehabilitation Protocol
Lateral or Medial Epicondylitis
Wilk and Andrews

Phase 1—Acute Phase
* Goals

® Decrease inflammation/pain.
® Promote tissue healing.
¢ Retard muscle atrophy.
* Cryotherapy.
¢ Whirlpool.
¢ Stretching to increase flexibility
® Wrist extension-flexion.
¢ Elbow extension-flexion.
® Forearm supination-pronation.
¢ HVGS.
¢ Phonophoresis.
¢ Friction massage.
¢ Jontophoresis (with an anti-inflam-
matory such as dexamethasone).
¢ Avoid painful movements (such as

gripping).

Phase 2—Subacute Phase
¢ Goals

¢ Improve flexibility.
® Increase muscular strength and
endurance.
¢ Increase functional activities and
return to function.
® Emphasize concentric-eccentric
strengthening.
¢ Concentrate on involved muscle
group(s).
* Wrist extension-flexion.
¢ Forearm pronation-supination.
¢ Elbow flexion-extension.
¢ Initiate shoulder strengthening (if
deficiencies are noted).
* Continue flexibility exercises.
e Use counterforce brace.
® Continue use of cryotherapy after
exercise or function.
¢ Initiate gradual return to stressful

Phase 3—Chronic Phase

® Goals
® Improve muscular strength and
endurance.
® Maintainfenhance flexibility.
® Gradually return to sport high-
level activities.
¢ Continue strengthening exercises
(emphasize eccentric-concentric).
¢ Continue to emphasize deficiencies
in shoulder and elbow strength.
e Continue flexibility exercises.
¢ Gradually diminish use of counter-
force brace.
e Use cryotherapy as needed.
e Initiate gradual return to sport
activity.
¢ Equipment modifications (grip size,
string tension, playing surface).
e Emphasize maintenance program.

activities.

¢ Gradually reinitiate previously
painful movements.

A patient is advanced to high-level functional activi-
ties when elbow ROM is normal and pain free and
strength is within 10% of the uninvolved extremity. It is
imperative to monitor these criteria closely to avoid the
tendency of lateral and medial epicondylitis to become
chronic.

Summary of Elbow Rehabilitation Principles
for Epicondylitis

The guidelines for rehabilitation are centered on tissue
healing constraints and the constraints of pain and activ-
ity. The strengthening phase of rehabilitation begins with
active motion and submaximal isometrics. When these
activities are tolerated for 1.5 weeks without complica-
tions, the patient is progressed with PREs.

We recommend a low load for lower repetitions two
times a day initially, progressing to moderate intensity for
higher repetitions three times a day. ROM is very impor-
tant during the entire rehabilitation process; however, in-
creased emphasis should be placed on ROM during the
first 4 weeks to prevent fibrosis of the healing tissues. The
therapist must also take into consideration the factor of

irritation, which, if ignored, will lead to further fibrosis
owing to inflammation.

The differences in the rehabilitation protocols for
medial and lateral epicondylitis are, of course, due to the
anatomy. However, this protocol can guide the clinician
in developing a specific program to meet the patient’s
needs. One thing remains constant: we must limit harm-
ful forces that can cause further degeneration of the in-
volved tissue during the nonoperative or postoperative re-
habilitation period. A factor that should always be
considered in the patient undergoing postoperative reha-
bilitation is the realization that the patient’s condition
was unresponsive to conservative treatrment. Therefore,
timelines and progression should always be presentation
specific. If these guidelines are followed with core general
principles, patients should return to modification-free
activities. ll

Isolated Fracture of the Radial Head

Mason’s classification of radial head fractures is the most
widely accepted and useful for determining treatment



116  dlinical Orthopaedic Rehabilitation

TYPE I

TYPE Il
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TYPE NI

TYPE IV

Figure 2-40. Mason’s classification of radial head fractures. (From Broberg MA, Morrey BF: Results of treatment of

fracture dislocations of the elbow. Clin Orthop 216:109, 1987.)

(Fig. 2-40; Table 2-1). Rehabilitation is also based on  Rehabilitation Principles

this classification.

Table 2-1
Mason Classification of Radial Head Fractures
Type Description Treatment
| Nondisplaced fracture Minimal immobilization
Often missed on radiograph and early motion
Positive posterior fat pad sign
I Marginal radial head fracture ORIF, early motion
with displacement, depression, .
or angulation
1l Comminuted fracture of the Open reduction and .
entire radial head internal fixation, early
motion if possible
v Concomitant dislocation of the  Radial head resection
elbow or other associated Check distal wrist joint
injuries (Essex-Lopresti injury)

Guarded prognosis for
return to sports

Nondisplaced type 1 fractures require little or no im-
mobilization.

Active and passive ROM can begin immediately after
injury to promote full ROM.

Conditioning in the form of elbow flexion and ex-
tension, supination and pronation isometrics, and
wrist and shoulder isotonics can be implemented
immediately (usually within the first week) after
injury.

Stress (e.g., heavy lifting) to the radial head is mini-
mized.

Three to 6 weeks of active elbow flexion and exten-
sion can be used, along with wrist isotonics.

Types 1l and III fractures usually require ORIE Fre-
quently, immobilization is required for a brief time,
followed by active and passive ROM exercises.

Type IV comminuted fractures frequently require sta-
bilization of the elbow joint and excision of frag-
ments and usually cause some functional limitation.

Full ROM rarely returns in type IV injuries and

ORIF, open reduction and internal fixation. chronic elbow pain often persists.
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Rehabilitation Protocol
After Radial Head Fracture

(Type | Fracture of Type Il or Ill Fracture Stabilized with ORIF)

Phase 1—Immediate Motion Phase ® Initiate light-resistance elbow flexion-extension (1 pound).
e Goals e Initiate active-assisted ROM and passive ROM
® Decrease pain and inflammation. supination-pronation to tolerance.
® Regain full wrist and elbow ROM. Week 6
¢ Retard muscular atrophy. * Continue active-assisted ROM and passive ROM

supination-pronation to full range.
® Progress shoulder program.
¢ Progress elbow strengthening exercises.

Week 1
® Begin elbow active ROM and active-assisted ROM;
minimal accepted ROM (15-105 degrees) by 2 weeks.

¢ Begin putty/gripping exercises. Phase 3—Advanced Strengthening Phase
¢ Begin isometric strengthening exercises (elbow and wrist). o Goals
® Begin isotonic strengthening exercises for wrist. o Maintain full elbow ROM.
e Increase strength, power, endurance.
Phase 2—Intermediate Phase ¢ Gradually initiate sporting activities.
* Goals Week 7
® Maintain full elbow ROM. ¢ Continue active-assisted ROM and passive ROM to full
® Progress elbow strengthening exercises. supination-pronation.
¢ Gradually increase functional demands. e Initiate eccentric elbow flexion-extension.

* Initiate plyometric exercise program.

Week 3 ® Continue isotonic program for forearm, wrist, and
e Initiate shoulder strengthening exercises; concentrate on shoulder.

rotator cuff.
¢ Continue ROM exercises for elbow (full flexion-

¢ Continue until 12 weeks.

extension). ‘
Elbow Arthroplasty Contraindications to elbow arthroplasty include:
e Active infection.
Indications for elbow arthroplasty include: * Absent flexors or flail elbow from motor paralysis.
. " . . . . li tient with tivi
e Dain, instability, and bilateral ankylosis, such as in pa- Nopco@p lant patient with respect to  activity
limitations.

tients with advanced stage 3 or 4 theumatoid arthrosis

. . . ¢ Inadequate posterior skin quality.
that is unresponsive to medical management.

» Inadequate bone stock or ligamentous instability with

¢ Failed interpositional or anatomic arthroplasty. o
. . resurfacing inplants.
o Failed prosthetic arthroplasty. S
L . .. ¢ Neurotrophic joint.
® Arthrodesis in poor functional position.
¢ After en bloc resection for tumor. Elbow prostheses are classified as semiconstrained
® Degenerative arthrosis after failed débridement and  (loose-hinge or sloppy-hinge), nonconstrained (minimally
loose body excision. constrained), or fully constrained. Fully constrained pros-
¢ Rheumatoid arthrosis in which synovectomy an