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Foreword

Drs. Michael Neumeister and Michael Sauerbier had a unique
and valuable goal at the inception of this new hand surgery
book: to provide expert advice for management of challenges
associated with surgical treatment of the hand. This informa-
tion, assembled in one volume, will be a valuable resource
for the hand specialist. The pearls contained here supple-
ment rather than duplicate the content of standard textbooks,
whose focus lies primarily on basic evaluation and surgical
management of hand pathology. Management of complex
reconstructive challenges and surgical complications lie
beyond the scope of available texts, making Problems in Hand
Surgery: Solutions to Recover Function an invaluable supple-
ment to the tomes sitting on our library shelves.

The editors have carefully chosen the authors, all recognized
experts in the subject matter presented. Each chapter is pre-
sented in a problem-based format, beginning with an illustra-
tive clinical case. The anatomic basis of the problem is stated,
followed by an expert author’s recommended solution, includ-
ing a detailed technique and analysis of the patient’s result.
The readers, when faced with the same clinical issue, may there-
fore apply the recommendations provided to these patients.

While there may often be more than one potential solution
to any given problem, the methods presented here have been
proven reliable and effective by surgeons with extensive expe-
rience and knowledge. The level of technical details provided
exceeds that which is readily available in most texts. Additional
references contained in a concise bibliography at the end of
each chapter allows further guidance, if desired.

Problems in Hand Surgery: Solutions to Recover Function
will prove to be a valuable, unique, and niche resource for any
individual interested in hand surgery. The guidance it provides
makes it a required reading when faced with a challenging
surgical problem.

Allen T. Bishop, MD

Professor of Orthopedic and Neurologic Surgery
Alix Mayo Clinic School of Medicine

Consultant, Division of Hand Surgery
Department of Orthopedic Surgery

Mayo Clinic

Rochester, Minnesota
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Preface

The practice of hand surgery has a rich history. Led by the need
to improve outcomes of afflictions to the hand, surgeons gath-
ered to deliberate over the most reliable tactics to optimize
form and function of the hand and wrist after injury. Indeed,
societies were spawned over conclaves of surgeons interested
in finding answers for their difficult-to-treat cases. Knowledge
of the management of severe hand injuries in early times was
obtained through vague written descriptions and through
apprenticeships of or with learned physicians. Hippocrates
(460-356 BC) opined on many medical conditions, including
hand injuries, such as fractures where he made note of certain
reduction and stabilization techniques. Galen (131-201 AD) and
Paulus Aegineta (625-690 AD) were intrigued by nerve repair
and restoration of sensation. Rhazes, Avicenna, and Ali Abu Ibn
Sina in the ninth and tenth centuries enhanced early awareness
of nerve repair in bone stabilization in hand. Among many of
their medical contributions, Andreas Vesalius (1513-1564)
and the father of French surgery, Ambroise Paré (1509-1590),
made tremendous advances in our knowledge of anatomy and
wound care, respectively. A burst of discoveries and interest
in hand surgery, in the 16th- and 17th-century medicine, are
highlighted by the works of Plater, Dionis, Marechal, Gigot
de la Peyronie, Petit, Camper, and Cooper. Even more interest
mounted in the 18th and 19th centuries by the writings of Bon
Graefe, Zeller, Pouteau, Colles, Dupryten, Weber, Duchenne, and
Raynaud.

The list of contributors to the development of modern-day
hand surgery could go on and on, but special mention is due
of the wars of the 20th century which prompted the greatest
advances in hand surgery. Sterling Bunnell, the father of hand
surgery in the United States, became enamored with hand
surgery during World War I. Bunnell was starting to develop
specialized units for hand surgery to try to improve the func-
tion following bone and tendon injury. During the same period,
the first army surgeon certified by the American Board of
Orthopedic Surgery, Norman Kirk, was appointed Chief of
Surgery at Walter Reed National Military medical center in
Washington D.C. During World War II, President Franklin D.
Roosevelt appointed Kirk as Army Surgeon General. Kirk is the
only orthopaedic surgeon to be appointed to this position. Years
earlier, Kirk and Bunnell had become close friends through
common interests in hand surgery, hunting, and fishing. Kirk
challenged Bunnell to develop hand centers of excellence and
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education across the country to help wounded soldiers and
civilians alike. Bunnell’s drive for solutions to complex issues in
hand surgery and rehabilitation is the inspiration of our current
book Problems in Hand Surgery: Solutions to Recover Function.
The intricate balance of the intrinsic and extrinsic soft tissue
structure and bony scaffold of the hand coupled with the 31
articulating services in the hand and wrist create a milieu that
can lead to a wide variety of problems in hand surgery.

We all seek the best possible outcomes following surgery on
our patients. Not all hand ailments are straightforward in their
management. The complex hand problems often require some
type of unique solution to optimize hand function or form. The
two of us treat a wide variety of complex wrist and hand dis-
orders. The mutilated hand has long been a common topic we
speak about at various national and international meetings. It
occurred to us that we rarely spoke about the treatment of non-
union, malunion, dysvascular limbs, degenerative changes after
trauma, stiffness after tendon injury, joint disruption, or many
other undesirable outcomes. After many dialogues, panels,
and discussions at scientific meetings, we decided it was time
to seek out experts in the hand surgery field who have found
reliable solutions for some of these complex problems. This
book represents a culmination of reliable solutions focused on
difficult hand problems. While many textbooks describe tech-
niques for primary conditions, it is rare to have a compendium
of procedures of secondary hand surgeries designed to restore
form and function. The scenarios within the body of this book
have challenged many surgeons. This consolidation of solutions
for problems in hand and wrist surgery offers a clear, step-
by-step roadmap to hand surgeons confronted with difficult
cases. The purpose of this was to bring “the rest of the story” to
the hand surgery audience. We have provided a series of videos
to help surgeons understand the details of some procedures.
The accompanying videos add to the overall comprehension of
the written techniques within each chapter.

It is a pleasure to see Problems in Hand Surgery: Solutions to
Recover Function come to fruition. We hope everyone enjoys
reading our book and more importantly we hope it provides
some solutions for you as you encounter problems in hand
surgery of your own.

Michael W. Neumeister, MD, FRCSC, FACS
Michael Sauerbier, MD, PhD
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1 Nonadherence of the Nail Plate

Brian Mailey

1.1 Patient History Leading to the
Specific Problem

A 63-year-old woman presents with a nail deformity pres-
ent for 2 years. She recalls a stabbing injury to her proximal
nail plate while performing a self-manicure. The aesthetics
of the nail was displeasing; she lacked normal nail growth
and adherence (> Fig. 1.1). She did not seek care after the ini-
tial injury and the deformity did not improve after multiple
nail cycles.

Nonadherence of the nail (onycholysis) is the most common
posttraumatic nail deformity. This occurs secondary to nail bed
scarring and is often found immediately distal to transverse or
diagonally oriented nail bed scars or bone irregularities. The
scar interrupts the progressive addition of nail cells from the
sterile matrix to the volar nail plate causing detachment of the
nail. The nail is unable to reattach to the nail bed distally. Distal
nonadherence may lead to problems with subungual hygiene,
an unstable nail when picking up small objects, pain from

Fig. 1.1 Nonadherence of the nail plate. Right thumb nail of a
63-year-old woman. This patient suffered a sharp traumatic injury
to the proximal nail bed 2 years earlier.

repeat avulsions when catching the nail on objects, or simply
aesthetic concerns.

The rate of complete nail progression from nail fold to
free margin is 70 to 140 days. Baden describes a 21-day
delay in growth after injury, during which time the nail
thickens proximally but does not grow distally. Distal
growth of a thicker-than-normal nail proceeds for the next
50 days, followed by growth of a thinner-than-normal nail
for 30 days. Nail growth is not normal for approximately
100 days after injury.

1.2 Anatomic Description of the
Patient’s Current Status

The hard and elastic structure of the nail plate is produced
continuously by the nail matrix. The germinal matrix, sterile
matrix, and dorsal roof of the nail all produce the nail, with the
germinal matrix producing the majority (90%) by gradient par-
akeratosis. The sterile matrix adds cells to the volar surface of
the nail, accounting for the attachment of the nail to the matrix.
The dorsal roof of the nail fold adds flattened cells to the dor-
sal surface of the nail, producing shine to the nail. The nail is
transparent; however, it appears pink due to the presence of
vessels of the underlying nail bed. The lunula appears white due
to the presence of nuclei. The nail bed consists of the germinal
and sterile matrices. The germinal matrix makes up the ventral
floor of the proximal nail fold. The sterile matrix consists of the
soft tissue immediately beneath the nail distal to the germinal
matrix. Keratinization of the nail matrix cells occurs along an
oblique axis. As a result, the proximal part of the nail matrix
produces the dorsal portion of the nail plate and when dam-
aged gives rise to the development of nail plate surface abnor-
malities, whereas the distal part of the nail matrix produces the
ventral portion of the nail plate.

The patient suffered a penetrating injury to the proximal
germinal matrix, which created a disruption in the creation,
growth, and strength of the dorsal nail. Injuries distal to the
germinal matrix generally do very well; however, proximal nail
bed injuries, in particular if unrepaired, often lead to chronic,
displeasing nail plate appearance. Since the patient did not
seek immediate care after injury, the differential diagnosis also
includes fungal infection and skin malignancy (> Fig. 1.2). Burn
injuries to the fingertips often destroy the specialized cells of
the nail matrix and result in chronic nonadherence (> Fig. 1.3)

1.3 Recommended Solution to the
Problem

This patient’s problem may have been prevented by imme-
diate repair of the injured nail bed. The patient elected to
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ablate the nail and cover with a skin graft from the volar wrist.
Split-thickness skin grafting can be sufficient, although
full-thickness grafts are straightforward to harvest and the
donor site closes primarily.

1.3.1 Recommended Solution to the
Problem

Options for improving this patient’s nail bed include the

following:

« If the scarred germinal matrix can be identified, it can be
excised and closed primarily in hopes of an improved nail
adherence and aesthetic.

Fig. 1.2 Nonadherence of the nail plate. Left thumb nail deformity
secondary to squamous cell carcinoma.
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« Split-thickness nail bed graft from the great toe.

 Application of a veneer or fake nail to disguise the
deformity.

* Ablation of germinal matrix and skin grafting to the
defect (one procedure or staged with a dermal substitute
to improve contour).

1.4 Technique

A finger tourniquet is applied. Two radial relaxing incisions are
made and the dorsal eponychial fold is exposed and turned
upward. The entire dorsal and volar germinal matrices are
excised (»Fig. 1.4a). It is not necessary to remove the sterile
matrix, distal to the lunula; however, the lateral gutters along
the nail bed should be excised. The dorsal fold and sides of
the paronychium are sutured back into place and a template
is created as a guide to harvest the graft (»Fig. 1.4b). After
the full-thickness skin grafting (FTSG) is harvested from the
volar wrist (> Fig. 1.4c), the tourniquet is taken down, hemo-
stasis obtained with an epinephrine-soaked sponge, and
the graft sutured into place. It is secured with a bolster for
1 week (> Fig. 1.4d).

1.5 Postoperative Photographs
and Critical Evaluation of Results

The patient’s skin graft took well and she healed without issues.
She was very satisfied with the result. At about 1 year, she
re-presented with a small residual nail growth (> Fig. 1.5) along
the proximal radial aspect of the nail bed. The patient elected
not to have it addressed.

It is common to see nail remnants after nail bed ablation.
These can be upsetting to patients as it frequently requires
additional procedures and recovery times. Use of phenol
to ablate the nail matrix or eliminate ingrown toenails is
commonly done by podiatrists, to prevent remnant nails
from occurring. The overall appearance of the skin-grafted

Fig. 1.3 Nonadherence of the nail plate.
(a, b) Left thumb nail nonadherence secondary
to prior thermal burn injury.
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Fig. 1.4 Reconstruction of nailplate
nonadherence with full thickness skin graft.
(a) Radial relaxing incisions to expose the
dorsal germinal matrix. (b) Foil template to
design full-thickness skin graft. (c) Template
transposed on to the volar wrist. (d) Bolster
sewn over skin graft.

nail bed is generally very acceptable, even by women.
The slight difference in final color of the skin graft almost
appears to the casual observer as a nail or at least does
not immediately catch the eye as a deformity. Alternatively,
once healed, a prosthetic nail can be applied to match the
other fingers.

1.6 Teaching Points

* Proximal nail bed injuries should be repaired acutely.

» Nonadherence of the nail bed can be caused by trauma,
infection, burn, or malignancy. Each diagnosis should be
considered in every patient, regardless of the patient’s
history.

* Ablation of the nail matrix for grafting only needs to
include the volar and dorsal germinal matrix and lateral
paronychium gutters. The sterile matrix can otherwise be
left intact.

* FTSG from the volar forearm can provide good aesthetic and
functional outcomes.

* Nail remnants are common after nail bed ablation; phenol
can help prevent nail spikes.

Fig. 1.5 Healed full-thickness skin graft over nail bed. Arrow
indicates area of nail remnant from retained nail bed cells.
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2 Posttraumatic Split Nails

Michael W. Neumeister

2.1 Patient History Leading to the
Specific Problem

A 53-year-old man presents with a chronic splitting of his nail
plate. He complained of repetitive trauma to the digit as the
split nail caught on clothes (> Fig. 2.1). He had injured the fin-
gertip and nail bed in a door over a year and a half ago. As the
nail grew out from the injury, the split in the nail plate became
more apparent and more prominent. No attempt at repairing
the nail bed was performed in the local emergency room at the
time of his original injury.

2.2 Anatomic Description of the
Patient’s Current Status

The patient has an area on the sterile matrix where the nail
plate is nonadherent from scar tissue within the nail bed. This
also results in splitting of the nail plate. The normal nail origi-
nates from the germinal matrix under the eponychial fold. The
nail plate grows distally at a rate of about 1 mm/wk. The nail
plate remains adherent to the nail bed through a very specific
anatomic relationship between the nail bed and the nail plate.
A series of undulations in the nail bed allows the nail plate to
grow around each one of these tissue peninsulas, which pre-
vents dislodgment of the nail plate (> Fig. 2.2). In addition, there
is an adhesive-like “super glue” called the soul horn between
the nail bed and the nail plate that helps the nail plate adhere
to the nail bed. Scar tissue that forms between the normal junc-
tion of the nail bed and the nail plate prevents the nail plate
from adhering and results in a splitting of the nail as it grows
distally. The greater the amount of scar tissue, the greater the
amount of nonadherence and nail plate disruption. The nail
plate that does not adhere to the nail bed is subject to repetitive
trauma as it catches on pockets, clothes, and other items.

2.3 Recommended Solution to the
Problem

One should first realize that this problem could be prevented by
the immediate repair of the nail bed at the initial time of injury.

Now, however, the nail bed scar tissue needs to be removed
and replaced with a split-thickness sterile matrix graft. Full-
thickness grafts are not necessary and can result in donor site
morbidity. If the nail bed scar tissue is isolated to a small area
of the nail bed, then a split-thickness sterile matrix graft can be
taken from the same finger’s nail bed. Larger areas of scar tissue
require the great toe to be used as a donor site to obtain a sterile
matrix graft.

2.3.1 Recommended Solution to the
Problem

* The nail bed scar tissue needs to be removed and replaced
with a split-thickness sterile matrix graft.

* A split-thickness sterile matrix graft can be taken from the
same finger’s nail bed if the nail bed scar tissue is isolated to
a small area.

« Larger areas of scar tissue require the great toe to be used as
a donor site to obtain a sterile matrix graft.

* This problem could be prevented by immediate repair of the
nail bed at the initial time of injury.

A Ak al¥ W
Fig. 2.1 A 37-year-old male with a posttraumatic nail deformity.
The nail has a split secondary to scar tissue within the nailbed.

Fig. 2.2 (a) Cross section of a nailbed showing
the anatomy behind normal adherence of the
nail plate. (b) Undulating rugae of nailbed with
the nail plate glued with a “sole horn” material
keeps the nail plate adherent.
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2.4 Technique

The patient is taken to the operating theater and placed in
the supine position. Under a local anesthetic, with or without
sedation, the digit is prepped with the appropriate sterilizing
solution and a digit tourniquet is applied. The nail plate is
removed from the involved finger (> Fig. 2.3). The scar tissue
is outlined and resected. The scar tissue does not need to be
resected down to the bone but rather to the level that permits
the sterile matrix graft to lie in precise anatomic alignment
with the surrounding nail bed. This will allow the nail plate to
grow out appropriately.

The split sterile matrix graft is harvested with a no. 15 Bard
scalpel blade. The donor area is outlined and a partial-thick-
ness incision in the nail bed is made to allow the scalpel blade
under one edge. A sweeping motion of the scalpel blade allows

Fig. 2.3 Scar tissue in the nailbed resulted in distal non-adherence.

the graft to be harvested without perforations. One should see
the scalpel blade through this sterile matrix split graft while
harvesting the graft (»Fig. 2.4). If one is harvesting the graft
that is too thick, they will not be able to see the scalpel blade
through the graft during this procedure.

The graft is removed from the donor site and placed in the
defect on the involved digit. The graft is secured in place with
a 7-0 chromic suture using loupe magnification to make sure
that the graft is anatomically aligned (»Fig. 2.5). The previ-
ously removed nail plate is placed on top of the graft under the
eponychial fold to prevent synechial scarring and protect the ster-
ile matrix graft while it picks up a blood supply from its new bed.

The dressing is changed in 5 days. Daily dressing change
follows for the next 2 weeks. The new nail plate will take 4 to
6 months to grow out. The final nail plate appearance may take
up to 1 year to be fully defined (> Fig. 2.6).

Fig. 2.4 The scar tissue is excised to provide a bed for the split
sterile matrix graft.

Fig. 2.5 A split sterile matrix graft is used to provide a new bed for
aregenerating nail plate.
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Fig. 2.6 Final outcome 1 year after grafting.
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I Problems with Nailbed Repairs

Fig. 2.7 (a-c) Primary repair of the initial
nailbed injury should prevent the need for
secondary grafting procedures.

2.4.1 Steps for the Procedure

1. The nail plate is removed from the involved finger.

2. The graft is secured in place with a 7-0 chromic suture
using loupe magnification to make sure that the graft is
anatomically aligned.

3. Final nail plate appearance may take up to 1 year to be
fully defined.

4. The postoperative result is shown.

2.5 Postoperative Photographs
and Critical Evaluation of Results

Performing the procedure to remove the scar tissue in the nail
bed and to replace this with a sterile matrix graft mandates bet-
ter results than the preoperative status. In fact if done appropri-
ately, the nail plate can grow out and have a normal appearance
relative to the other fingers. It is not uncommon to have a small
area of nonadherence around the hyponychium.

This problem could be avoided by addressing the nail
bed laceration at the time of injury. Anatomic meticulous
suture alignment permits normal nail plate growth and
adherence (> Fig. 2.7).

Acute split grafting can also provide optimal primary
results for injuries that result in the loss of nail bed substance
(»Fig. 2.8).

2.6 Teaching Points

* Primary repair of bailed lacerations.

» Meticulous attention to anatomic alignment.

» Remove entire nail plate to see the entire nail bed.

« Split nails or nonadherence requires scar excision and split
sterile matrix graft.

* The split sterile matrix graft is harvested with a small scalpel
blade.

* The graft is harvested so thin that one should see the scalpel
blade through the graft during the elevation of the graft.

« Suture the graft in place using anatomic principles.
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2 Posttraumatic Split Nails

Fig. 2.8 Technique for harvesting the split sterile matrix graft. (a) The initial nailbed defect. (b) Harvest the normal sterile matrix bed with

a 15 blade scalpel. (c) The graft is returned in place with 7-0 chromic suture. (d) Place a spacer between the eponychial fold and the nailbed.
(e) Final outcome.
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3 Gentian Violet Treatment of Severe Chronic Paronychia

Wyndell H. Merritt

3.1 Introduction

Chronic paronychia is most commonly caused by Staphylococcus
aureus and Candida albicans and is thought to be due to bits of
nail beneath the eponychium, which act as a foreign body. Since
the new millennium, the most common bacteria found in hand
infection is methicillin-resistant S. aureus (MRSA).

Early gentian violet study by Churchman in 1912 showed
gram-positive organisms (especially S. aureus) to be highly
susceptible to gentian violet dye, even at marked dilution, and
it was the antimicrobial treatment of choice until penicillin
became popular after 1943. It has long been a favored treatment
for thrush (C. albicans) as recommended by the World Health
Organization. There is no report of resistant Staphylococcus to
gentian violet dye, thought to be due to the dye’s penetration of
the bacterial cell wall and the mitochondrial membrane (thus,
most gram-positive organisms are susceptible), obviating
opportunity to mutate into a resistant form.

Though most surgery texts recommend one of two surgical
approaches for chronic paronychia, either marsupialization or
resecting the proximal nail, these have significant morbidity
and often have recurrence. Topical application of the simple,
inexpensive over-the-counter gentian violet treatment should
be attempted. This treatment has successfully managed MRSA
infections of femoral prostheses, decubitus ulcers, chronic oti-
tis, empyema, and skin ulcerations.

Typically, we instruct our patients to topically apply
1 or 2% gentian violet liquid dye directly along the inflamed
eponychium once or twice a day until it is no longer painful,
usually 3 to 7 days, unless the patient has Raynaud’s syndrome.
In those patients, once-a-day application may be necessary
for 2 to 3 weeks, because they heal so slowly. Thereafter, no

further treatment is required. No antibiotics are utilized and
the patient knows how to manage a recurrence or if another
digit becomes involved. Additional digital involvement is fre-
quent among the patients who have Raynaud’s syndrome and
scleroderma.

The author has not operated on a patient with chronic par-
onychia in over 30 years. Two cases are presented here to show
how this noninvasive approach can help the patient avoid
surgery.

3.2 Patient History Leading to the
Specific Problem: Case A

This 80-year-old woman was referred by infectious disease with
a request for index digit amputation. While she was in a nurs-
ing home, she developed an MRSA-infected gouty tophus of her
index digit, which then led to mid-face cellulitis and MRSA sep-
sis. She was hospitalized, responded to intravenous (IV) vanco-
mycin, and was discharged on oral clindamycin, but referred a
month after onset with request for index amputation for recal-
citrant MRSA finger infection.

3.3 Anatomic Description of the
Patient’s Current Status: Case A

Initial examination findings showed the patient to be weak,
faint and pale, and obviously dehydrated, with a chief com-
plaint of diarrhea and a secondary complaint of a painful index
digit. Her X-ray had changes of gout, although osteomyelitis
was mentioned as a possibility (> Fig. 3.1).

Fig. 3.1 (a, b) One month after infected gouty tophus with MRSA (methicillin-resistant Staphylococcus aureus).
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3.4 Recommended Solution to the
Problem: Case A

Although referred for amputation, unless there was osteomyelitis,
gentian violet dye should adequately control the MRSA infection,
and clindamycin discontinued due to the troublesome side effects.

3.5 Technique: Case A

This patient was given an initial treatment of 2% gentian violet
dye topically in the office, told to stop taking clindamycin, and
then sent to the emergency department where she was given
IV fluids and loperamide (Imodium). She returned to the office
in 2 days and said this was less painful, and was again treated
with topical gentian violet. At 4 days on return, she stated she
was pain free, and dye was reapplied with a return appoint-
ment scheduled (> Fig. 3.2).

3.6 Postoperative Photographs and
Critical Evaluation of Results: Case A

The patient did not return for her scheduled follow-up. Calls
to the skilled nursing facility where she resided assured us

she was well, but she continued to cancel her return appoint-
ments. Finally, the surgeon went to the facility to visit her,
and she was found to be well healed, explaining that she did
not return because she was told “the surgeon might cut your
finger off” and it was no longer bothering her. She has had no
recurrence (> Fig. 3.3).

Fig. 3.3 Well healed 6 to 7 weeks following treatment.

Fig. 3.2 (a, b) Antibiotics stopped and treatment initiated with 2% gentian violet dye. (c) Pain free after 5 days with second repainting using
gentian violet dye.
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3.7 Patient History Leading to the
Specific Problem: Case B

This 40-year-old woman had a more typical chronic paronychia
present for 10 weeks. She attributed the problem to a manicure
she had 16 weeks previously.

3.8 Anatomic Description of the
Patient’s Current Status: Case B

The wound had been cultured and S. aureus and C. albicans
were found to be present. Both recurred after a variety of anti-
biotics and soaks. Abnormal nail growth along the radial border
of the eponychium was also present (> Fig. 3.4). This patient had
a worse infection than usually seen.

3.9 Recommended Solution to the
Problem: Case B

Gentian violet dye is particularly useful for C. albicans and S.
aureus organisms, and topical treatment should be instituted
without need for systemic antibiotics. The patient is instructed
to use this once or twice a day until all soreness has abated,
then to discontinue treatment and return for follow-up.

Fig. 3.4 (a, b) Ten-week chronic paronychia with abnormal nail growth.

3.10 Technique: Case B

This patient’s defect was painted with 1% gentian violet and
she became pain free within 5 days. She stopped the gentian
violet after 1 week and began to grow a new nail within 2 to
3 weeks (> Fig. 3.5).

3.11 Postoperative Photographs
and Critical Evaluation of Results:
Case B

The patient returned with normal nail growth restored after
3 months, and no recurrence (> Fig. 3.6).

3.12 Teaching Points

« Chronic paronychia is commonly caused by S. aureus and
C. albicans, and today’s hand infection flora is dominated by
MRSA.

« S. aureus, including MRSA, and C. albicans are highly suscep-
tible to topical gentian violet dye, which is inexpensive and
readily available over the counter.

« Gentian violet dye penetrates the bacterial cell wall and
mitochondrial membrane in gram-positive organisms, so it is
unlikely to develop resistance.

Fig. 3.5 New nail growth at 2 to 3 weeks after treatment stopped.
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Fig. 3.6 Well healed after 3 months.
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3 Gentian Violet Treatment of Severe Chronic Paronychia

Fig. 3.7 (a-d) Patient with Raynaud’s syndrome being treated with gentian violet. They learn to manage this themselves.

« Patients with Raynaud’s syndrome are poor candidates for sur-
gery but can usually manage their paronychial complaints with
topical gentian violet, although healing takes longer (> Fig. 3.7).

* The author initially found use of gentian violet for painful
eponychial ingrown toenails among the soldiers in Vietnam
as a preferred alternative to nail removal, later for ingrown
fingernails, then finally for chronic paronychia. It is not use-
ful for the typical subungual dermatophyte nail infection.
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4 Bowstringing

Loukia K. Papatheodorou and Dean G. Sotereanos

4.1 Patient History Leading to the
Specific Problem

A 42-year-old professional male pianist presents with decreased
active range of motion of the right long finger 2 months after a
trigger finger A1 pulley release of the right long finger.

4.2 Anatomic Description of the
Patient’s Current Status

The patient has a painful pulling sensation in the palm with
motion of his right long finger. He has limited motion of the
right long finger, metacarpophalangeal (MCP) joint O to 60
degrees, proximal interphalangeal (PIP) joint O to 30 degrees,
distal interphalangeal (DIP) joint 0 to 45 degrees but full pas-
sive range of motion (> Fig. 4.1a). The flexor digitorum profun-
dus (FDP) and the flexor digitorum superficialis (FDS) of the
right long finger are intact. Bowstringing of the flexor tendons
is present over the proximal phalanx during resisted flexion.
Magnetic resonance imaging (MRI) reveals volar displacement
of the flexor tendons (> Fig. 4.1b). The palmaris longus ten-
don is present in the right wrist when the patient opposes
the thumb to the small finger while flexing the wrist against
resistance.

4.3 Recommended Solution to the
Problem

An A2 pulley reconstruction is recommended to prevent the
flexor tendons from bowstringing. Various materials and sur-
gical techniques have been described for pulley reconstruction.

Free tendon grafts, extensor retinaculum, or artificial materi-
als can be used in the reconstruction of pulleys. Free tendon
autograft options include palmaris longus and extensor tendon.
Various pulley reconstruction techniques can be utilized; some
encircle (loop techniques) the proximal phalanx, while others
do not. The reconstructed pulley must be strong, not only main-
taining the flexor tendons close enough to volar surface of the
phalanx but also allowing the flexor tendons to glide freely.
Biomechanical studies have shown that the pulley reconstruc-
tion with the encircling techniques is stronger than the non-
encircle techniques. However, the exact mechanical strength
that a flexor pulley requires for active tendon motion is still
unknown. Regardless of the technique used, the goal of the
pulley reconstruction should be to recreate the length, tension,
and glide of the native pulley. For this patient with bowstring-
ing after trigger finger release, an A2 pulley reconstruction is
performed using palmaris longus autograft.

4.3.1 Recommended Solution to the
Problem

* A2 pulley reconstruction can prevent flexor tendons from
bowstringing.

* Reconstruction of pulley can be performed with free tendon
autograft, extensor retinaculum, or artificial materials.

* Pulley reconstruction can be performed with encircle and
nonencircle techniques.

* Achieve the appropriate tension within the flexor pulley to
maintain the flexor tendons close enough to volar surface of
the phalanges, but also allowing the flexor tendons to glide
freely.

« It is important to recreate the length, tension, and glide of
the native pulley.

Fig. 4.1 (a) Clinical view 2 months after trigger release of the right long finger. (b) View of the right hand on MRI scan indicating volar displace-
ment of the flexor tendons (away from the proximal phalanx) of the long finger (white arrow).
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4.4 Technique

The procedure is performed with the patient in the supine posi-
tion under general or regional anesthesia, tourniquet control,
and loupe magnification. A Brunner incision is utilized at the
volar aspect of the proximal phalanx of the finger to expose the
flexor tendon sheath. Care is taken to identify and protect the
digital neurovascular bundles. It is confirmed that the flexor
tendons are intact and significant loss (almost 90%) of the A2
pulley is found (> Fig. 4.2).

Next, the harvesting of the palmaris longus tendon graft is
performed. First, a separate small transverse incision is made at
the distal wrist crease and the palmaris longus tendon is iden-
tified. Care is taken to identify and protect the median nerve.
After the transection at the wrist, the tendon is held with a
clamp at its distal end and is mobilized proximally. Then a ten-
don stripper is placed along the tendon sheath. The stripper
is firmly advanced proximally into the forearm with a slight
twisting motion and the tendon is released from its muscle
belly. Alternatively, if a tendon stripper is not available, the ten-
don can be harvested through a second small transverse inci-
sion over the musculotendinous level in the proximal end of the
forearm.

Then, the tendon graft is used to reconstruct the A2 pulley
with the “loop” technique. The tendon graft is passed around
the proximal phalanx under the extensor mechanism just dis-
tal to the MCP joint (> Fig. 4.3). The tendon graft is circumfer-
entially wrapped around the proximal phalanx adjacent to the
bone forming a double loop taking care to protect the adjacent
neurovascular bundles. The passage of the tendon graft around
the phalanx can be facilitated using a right-angled clamp or
curved suture passer. The reconstructed pulley must be strong
and it is tested under direct visualization intraoperatively by
pulling the flexor tendons proximally. It is important to achieve
the appropriate tension within the flexor pulley to hold the
flexor tendons close enough to the volar surface of the pha-
lanx without restricting gliding. It may be helpful to flex the
finger to bring the tendons closer to the volar surface of the
phalanges before securing final tension. Each loop of the ten-
don graft is sutured to the adjacent loop and the ends of the
graft to the remaining local tissue (remaining native pulley).

Fig. 4.2 Operative photograph during exploration of right long
finger showing the significant loss of the proximal part of the A2
pulley and volar translation of the flexor tendons (black arrow).
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The tourniquet is deflated, meticulous hemostasis is obtained,
and the skin is closed. Postoperatively, a static splint with the
hand in resting position is utilized for 2 weeks. Then a pulley
ring splint is placed over the proximal phalanx to allow gentle
active range of motion exercises without resistance. The splint
is removed at 8 weeks and full range of motion with progressive
resistances is allowed.

4.5 Postoperative Photographs
and Critical Evaluation of Results

Performing the A2 pulley reconstruction using a free tendon
graft technique results in better motion of the finger than the
preoperative status. To avoid flexion contracture or poor func-
tional results, appropriate gliding of the tendons within the ten-
don sheath must be achieved by applying proper tension within
the flexor pulley maintaining the tendons close to underlying
the proximal phalanx.

At 6 months after A2 pulley reconstruction, the patient is
able to make a full composite fist of the right hand and active
range of motion of the right long finger is restored (> Fig. 4.4).
He returned to his previous professional activities.

4.6 Teaching Points

* A2 pulley reconstruction is performed to prevent flexor
tendons from bowstringing.

* Harvest the proper length of tendon graft for loop technique
pulley reconstruction (length for two to three loops).

* Place the tendon graft under the extensor mechanism at
proximal phalanx.

* Do not pass the graft around the neurovascular bundles.

* The reconstructed pulley must be tested under direct visual-
ization intraoperatively.

 Ensure appropriate tension within the flexor pulley to hold
the flexor tendons close to the proximal phalanx without
preventing gliding of the tendons.

Fig. 4.3 Operative photograph showing the loop pulley reconstruc-
tion with the palmaris longus tendon graft (black arrow).
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Fig. 4.4 (a, b) Clinical results at 6 months after A2 pulley reconstruction of right long finger.

* Recreate the length, tension, and glide of the native pulley.
* Protect the pulley reconstruction using a pulley ring splint
for 8 weeks.
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5 Exposed Tendons

Riccardo E. Giunta and Elisabeth M. Haas

5.1 Patient History Leading to the
Specific Problem

A 45-year-old man is seen in the outpatient clinic with an
advanced stadium of Dupuytren’s disease of his fourth fin-
ger (> Fig. 5.1). The contracture of the ring finger of the proximal
interphalangeal (PIP) joint is greater than 90 degrees (Tubiana
stage 3). Although he had been suffering since decades from
this condition, he reported that during the last 12 months the
contracture has progressed. The patient had no prior operations
at this hand. He showed an aggressive type of Dupuytren’s con-
tracture with a very thick central cord. The cord was directly
attached to the skin, which made the operation challenging.

5.2 Anatomic Description of the
Patient’s Current Status

The patient’s situation is the result of a very aggressive form of
Dupuytren’s disease and his reluctance to see a hand surgeon.

Fig. 5.1 Preoperative appearance of Dupuytren contracture of the
ring finger (Tubiana stage 3).

This case is more often seen in a recurrent disease. This condi-
tion makes the operation exceptionally complicated in terms
of closing the defect after resection of the Dupuytren cord.
The longer a patient with a Tubiana stage 2 or greater waits to
see a surgeon, the more the skin is already retracted and the
more complicated an operation. As a rule, the greater the ankle
of the joint contracture, the less the skin available for closing
the wound. Moreover, the older the patient, the thinner the
skin and therefore the less tension tolerated by the skin during
suture. One further aspect is the particular kind of Dupuytren’s
disease. The increased expression of collagen type I/III fiber var-
ies in every patient. If the fibers grow extensive induratively,
the dissection of the subcutis can be very difficult and the risk
of damaging the latter is inevitable. This type goes less often
along with strong contractures such as found in our patient.

5.3 Recommended Solution to the
Problem

One should first plan operations with all surgical risks and
inform the patient about the necessity of all kinds of flap sur-
gery. If the loss of skin is too large so that Z- and VY-plasties
for coverage would have a high risk for complications, a full-
thickness graft or a local skin flap is the next option. Another
surgical option is the “open palm” technique by McCash. In this
technique, an oval area open for secondary healing is left in the
palm. If the cords make up more than half of the palm, the infec-
tion risk is too high. Usually for open palm treatments, daily
dressings are mandatory and wound healing should be com-
pleted after 4 to 6 weeks. For this operation type, it is necessary
that the patient is extremely compliant; otherwise, there is risk
of a superinfection. We determined that in the above-described
case, the arising defect is too large to apply McCash’s technique.
Therefore, the choice for treatment was open fasciectomy with
skin grafting (dermofasciectomy).

5.3.1 Recommended Solution to the
Problem

* Anticipating complications due to severe skin infiltrations of
Dupuytren’s disease.

* Operation planning (if necessary full-thickness skin
transplantation, local flap surgery).

* Tell your patient to quit smoking 4 weeks prior to the
operation and until wound healing is completed.

* Do an extensive patient education with all possible
complications.

* Elevate the hand to decrease swelling. Edema can also cause
pressure on the skin.

5.4 Technique

The patient is planned for an operation with an inpatient stay
for at least two nights. Under plexus anesthesia or general
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anesthesia, the arm is prepped and an upper arm tourni-
quet is applied. Incision is made oval shaped all around
the cord until half of the proximal phalanx (»Fig. 5.2).

Fig. 5.2 Intraoperative finding: the fibromatous cords and the
overlying skin were resected (dermofasciectomy) and the flexor
tendons are exposed.
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The next step is complete dermofasciectomy. The cord is
excised while sparing blood vessels and nerves. While pre-
paring the cord, you have to make sure that you leave the
paratenon intact. Then we plan the full-thickness skin graft.
We take it from the palmar side of the forearm. Be aware of
the fact that the graft shrinks and recoils. Therefore, always
plan the size a bit bigger. Do not forget to incise your trans-
plant to prevent seroma or hematoma between the graft
and the wound bed. Nonadherent tie-over bolster dressings
are ideal to improve adherence of the skin graft with the
wound ground. Immobilization helps prevent sharing of the
graft. The patient left the operation room with an extension
splint.

5.4.1 Steps for the Procedure

1. Plan the operation in detail.

2. Patient should know about the difficult situation including
the risk of finger loss.

3. Plan your skin graft always larger than the defect, because
the graft shrinks and recoils.

4. Nonadherent tie-over bolster dressings are ideal to
improve adherence of the skin graft with the wound
ground.

5. Remove this pressure bolster after 5 days.

6. Start physical therapy early, but with caution of the suture
and adherence of the graft.

5.5 Postoperative Photographs
and Critical Evaluation of Results

The dressing was changed at the first postoperative day
without removing the bolster; it will be done on the fifth day
after surgery. Dressing change should be done every other
day until sutures are removed after 2 weeks (> Fig. 5.3). For
prevention of infection, we apply intravenous antibiotics for
a few days.

Fig. 5.3 Postoperative finding after dermo-
fasciectomy. (a) Three weeks postoperative
after skin grafting. (b) Six weeks postoperative.
Graft has healed well.
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5.6 Teaching Points

 Operation planning, if necessary, with full-thickness skin
transplantation.

« Inform patients in advance about possible complications, for
example, wound healing disorder and risk of finger loss.

« Daily follow-up to prevent infection.

* Open palm technique requires high patient compliance but is
still an option.

* Begin physical therapy depending on the tensions of your
suture.

* Do not discharge patients too early after operation.

* Be careful with diabetic patients, as they have a limited
wound healing.

» Evaluate the indication prior to operation. Not every
Dupuytren’s disease requires surgery.
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6 Acute Vascular Compromise after Dupuytren’s Fasciectomy

James N. Winters, Jeffrey B. Friedrich, and Michael W. Neumeister

6.1 Patient History Leading to the
Specific Problem

A 51-year-old man presented with Dupuytren’s contracture
involving the right finger. This progressively worsened over
the past 3 years and now limited his ability to perform manual
labor. On examination, there were palpable cords and visible
flexion contractures of 60 degrees at the metacarpophalan-
geal (MCP) joints and 40 degrees at the proximal interpha-
langeal (PIP) joint. The patient was deemed to be a candidate
for surgical intervention with aggressive fasciectomy. He was
brought back to the operating theater, placed in the supine
position with the right arm abducted to 90 degrees, and sterile
tourniquet inflated to 250 mm Hg. A longitudinal incision with
designed 60-degree Z-plasty markings was utilized for access
in the palm and Bruner-type incisions were designed in the
finger. The neurovascular bundles were intimately involved
with the cord and displaced medially. The digital nerves were
easily identified and protected on either side of the cord.
Palmar fasciectomy was performed with removal of preten-
dinous bands, digital cords, and tight spiral cords around the
ring finger. The tourniquet was let down and the ring finger
remained extremely white (> Fig. 6.1). The fingers were placed
back in slight flexion and warm saline-moistened laps were
applied. The patient had been hemodynamically optimized
to make sure hypotension was not a contributing factor. After
30 minutes of ischemia time, no change was identified in the
finger. Papaverine was used to try to topically dilate the vessels
and the microscope was prepped and draped to visualize each
digital vessel.

Fig. 6.1 Vascular compromise observed following fasciectomy
of the finger. The digital arteries were compromised during the
dissection.
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6.2 Anatomic Description of the
Patient’s Current Status

The eponym Dupuytren’s contracture takes root from Baron
Guillame Dupuytren’s 1831 lecture on the disease. However,
Plater in 1614, Cline in 1777, and Cooper in 1822 previously
described the disease process and fasciotomy. Dupuytren’s
disease is thought to have a genetic predisposition, most com-
monly affecting people of Northern European descent and
occurring later in life. Manual labor, trauma, alcoholism, epi-
lepsy, and others have previously been implicated in the eti-
ology, although conclusive evidence is lacking. Fibroblasts and
myofibroblasts are thought to be the cells responsible for nod-
ule formation, collagen deposition into cords, and progressive
contracture of the digits.

A firm understanding of normal anatomical structures in
the palm must first be understood to appreciate this disease
process. The palmar skin and subcutaneous fat are separated
from the flexor tendons by the palmar aponeurosis. This
triangular-shaped fascial layer originates from the palmaris
longus tendon and splits distally into pretendinous bands. The
pretendinous bands further divide into three distinct layers:
superficial, middle, and deep. The superficial layer attaches to
the skin at the MCP crease. The deep layer extends dorsally
attaching to the interosseous muscle fascia and deep transverse
metacarpal ligament. The middle layer forms two spiral bands
that contribute to the web-space coalescence. The natatory liga-
ments are transversely oriented and travel across all digits. The
natatory ligaments have fibrous attachments to the flexor ten-
don sheath at the MCP joint and contribute to the web-space
coalescence. The web-space coalescence continues distally into
the finger to form the lateral digital sheet, which further splits
volarly and dorsally into Grayson’s ligament and Cleland’s liga-
ment, respectively. The neurovascular bundle lies deep to the
palmar aponeurosis. The bundles run parallel to the flexor ten-
dons, separated from the tendons by adipose and vertical fascial
bands of Legueu and Juvara. At the palmar-digital junction, the
neurovascular bundle becomes more superficial and midline,
passing volar to the spiral bands. The bundle continues to travel
distally in the finger encased by the lateral digital sheet (lat-
eral), retrovascular fascia (medial), Cleland’s ligament (dorsal),
and Grayson’s ligament (volar).

Dupuytren’s disease is progressive over time and can involve
any of the longitudinally oriented ligaments, as well as the
transversely oriented natatory. Predictable patterns of patho-
logic nodules and cord formations can be based off this anat-
omy. Pathology typically starts with nodule formation in the
pretendinous band and causes pitting of the skin due to der-
mal attachments. With deposition of type III collagen, this
progresses to pretendinous cord formation, which is the most
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common. Spiral cords can also form with involvement of spi-
ral bands, lateral digital sheet, and Grayson’s ligaments. Spiral
cords are responsible for MCP joint flexion and displacement
of the neurovascular bundles into an abnormal superficial and
medial position. The natatory ligament and lateral digital sheet
may also be involved. Finally, a central cord can form over the
proximal phalanx without any normal fascia precursors and
contributes to PIP flexion deformity. Cleland’s ligament and the
transverse ligament of the palmar aponeurosis are not involved
in Dupuytren’s disease.

6.3 Recommended Solution to the
Problem

Multiple treatment options exist for disruption of these cords
including the following: physical therapy, clostridium histo-
lyticum collagenase, needle aponeurotomy, and surgical inter-
vention with partial or total fasciectomy. Surgery is typically
reserved for more severe cases and traditional indications
included MCP flexion contracture less than 30 degrees or any
PIP flexion contracture. Treatment complications include skin
necrosis, infection, hematoma, edema, flare pain syndromes,
neurovascular injury, and recurrence. The rate of acute vascular
injury is quoted at 2% in the literature with a range of 0.8 to
9%. This rate increases significantly in patients being treated for
recurrence. Although the rate of vascular injury is quite low, the
surgeon must be prepared to deal with this complication.

Multiple intraoperative techniques can be utilized to pre-
vent vascular injury. Increased visualization of the vessels can
be achieved by avoiding total exsanguination of the hand prior
to tourniquet insufflation, along with the use of loupe magnifi-
cation, and access to operating microscope. Incision should be
started proximal to the area of the diseased palm. Dissection
should proceed from known to unknown, proximal to distal
palm, with the understanding that the nerve and artery are
not always intimately associated. Damage to the neurovascu-
lar structures can occur on initial incision if starting distally
at the palm-digit junction. Neurovascular bundles should be
handled delicately and protected at all times during fascial
excision. Avoiding aggressive passive extension of the MCP and
PIP joints can prevent digital artery spasm. Additionally, during
closure, care should be taken to avoid tension on vessels from
skin flap inset.

If the digit remains pale and cool after release of the tourni-
quet, then vascular injury should be suspected. The next step is
to determine the etiology of injury: vasospasm, intimal hemor-
rhage, traction rupture, or sharp transection. Initially, the fin-
gers should be placed back into a slightly flexed position and
warm saline-soaked gauze should be applied to the operative
site and digit. Topical smooth-muscle relaxants, such as 20%
lidocaine, calcium channel blockers, and papaverine, should
bath the vessel directly and allow this to sit for 10 to 15 minutes
prior to manipulation of the digit. Systemic anticoagulation,

with heparin 5,000 U, may also be attempted if there are no
contraindications. If these interventions fail to restore perfu-
sion to the digit, then further exploration of the neurovascular
bundles is warranted.

If brisk pulsatile bleeding from the proximal artery is
encountered, then sharp transection likely occurred. Primary
anastomosis of the vessel under operative microscope is used
to restore flow. If no bleeding is encountered, then further
exploration of the bundles is performed to identify rupture
with intravascular thrombosis due to intimal trauma. This will
require excision of the rupture site and the thrombosed portion
of the vessel. Interposition vein graft will need to be harvested
and anastomosed to restore flow. Postoperative revasculariza-
tion monitoring and protocols should ensue.

6.4 Technique

In the above-listed case, neurovascular injury was suspected
to both digital arteries. No improvement was noted in the
ring finger perfusion with conservative measures, and deci-
sion was made to further explore the neurovascular bundles
under microscopic assistance. Inspection of the ulnar-sided
bundle showed a sharp transection to the artery, which
was medially displaced near the palmar-digital junction.
Inspection of the radial-sided bundle revealed a large arte-
rial gap spanning from the palm and entirety of the proximal
phalanx. The surgical plan included primary repair of ulnar-
sided artery and an interposition vein graft for repair of the
radial-sided artery.

Attention was first turned to the ulnar-sided digital artery.
Yasargil clamps were applied, and the vessel ends were flushed
and prepared by removal of adventitia. The vessel was then
coapted with 9-0 nylon suture in an interrupted fashion with-
out tension. The Yasargil clips were removed, no leak was iden-
tified, and the finger regained perfusion.

Attention was then turned to the radial digital artery. The
vessel ends were trimmed, flushed with heparin, and pulsatile
bleeding was restored. Yasargil clamps were applied and ves-
sels ends prepared. The defect size was measured. Next, a vein
graft was harvested through a longitudinal incision over the
volar forearm. The vein was clipped proximally and distally,
and then sharply transected for removal. The vein was flushed
and placed in a reverse direction between the arterial ends.
Again using microscopic assistance, a 9-0 nylon was used to
coapt the proximal end in a simple, interrupted, tension-free
manner. The added vein length was removed from the distal
segment to avoid kinking. This was then anastomosed in a
similar fashion. The vascular clamps were removed and good
flow was observed (> Fig. 6.2). The skin flaps were then closed
in a loose fashion to avoid compression of the bypass graft.
A bulky, noncompressive dressing was placed with fingers in
slight flexion. The patient was admitted to the hospital and
started on a daily aspirin and heparin 5,000 U thrice a day for
the next 3 days.
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Fig. 6.2 Interposition vein graft can be visualized on the radial
aspect of the ring finger. There is bleeding from the distal tip of the
finger ensuring good vascular flow.

6.5 Postoperative Photographs
and Critical Evaluation of Results

The patient ultimately went on to have good range of motion
without vascular compromise (> Fig. 6.3). There was some cold
intolerance for the first year.

6.6 Teaching Points

» Neurovascular bundles shifted medially and volarly due to
spiral bands.

« Start proximally in the nondiseased palm to identify the
neurovascular bundles.

* Loupe magnification and not exsanguinating arm entirely can
help with identification.

» Aggressive extension of MCP and PIP can cause vasospasm or
vessel rupture due to loss of elasticity.

* Flexed positioning, warm saline, smooth muscle relaxants for
vasospasm.

* Primary anastomosis or vein graft interposition may be
required if both arteries are damaged.

Fig. 6.3 The finger remains vascularized and viable following
vascular reconstruction.
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7 Secondary Contractures

M. Claire Manske and Jeffrey B. Friedrich

7.1 Patient History Leading to the
Specific Problem

A 70-year-old right-hand-dominant man presents for evalua-
tion of a left small finger contracture. He was diagnosed with
Dupuytren’s disease of the bilateral hands 30 years ago, and
his left hand has always been more severely affected than the
right. Shortly following his diagnosis, he underwent partial
palmar fasciectomy of the bilateral long, ring, and small fin-
gers with good correction of metacarpophalangeal (MCP) and
proximal interphalangeal (PIP) joint contractures. Twenty-
five years later, he developed recurrent contracture of the left
small finger PIP joint, which was treated with needle aponeu-
rotomy with good correction. He presents now, 5 years fol-
lowing the needle aponeurotomy, with progressive flexion
contractures of the small finger PIP and distal interphalan-
geal (DIP) joints, impairing his ability to golf, garden, and wear
gloves (> Fig. 7.1).

On clinical evaluation, the patient has full composite
flexion and extension of all digits of the left hand, except
the small finger, which has full MCP joint motion, a fixed
90-degree flexion contracture of the PIP joint, and 40-degree
contracture of the DIP joint. He has full abduction of his dig-
its without web-space adduction contractures. In addition to
the pits and nodules in the palm, there is a palpable cord
along the ulnar aspect of the small finger, extending distally
from the MCP to the DIP joint. All digits are neurovascularly
intact with brisk capillary refill and two-point discrimina-
tion to 5 mm in all digits.

7.2 Anatomic Description of the
Patient’s Current Status

Dupuytren’s contractures result from proliferation of fibro-
blasts in the palmar and digital fascia, which then differentiate
into myofibroblasts and cause normal fascial bands to involute
into nodules and cords. The specific components of the palmar
and digital fascia affected by this process determine which dig-
its and joints become contracted (> Table 7.1).

When Dupuytren’s contractures recur following treatment,
multiple anatomic structures are often responsible, including
continued proliferation of pathologic palmar fascia, secondary
contractures of adjacent skin and joint capsules, and scar forma-
tion resulting from the prior intervention. Although it is often
difficult to differentiate which of these elements is responsible
for the contracture recurrence, ideally all pathologic structures
are addressed to achieve maximum correction and minimize
the risk of recurrence. Occasionally, full correction of the con-
tracture cannot be achieved due to contracted neurovascular
structures limiting full extension.

Although recurrent contractures may occur in any patient
following treatment of Dupuytren’s disease, several risk fac-
tors have been identified. Patients meeting the modified
Dupuytren’s diathesis criteria of male gender, age of onset
younger than 50 years, bilateral hand involvement, family
history of at least one parent or sibling affected, or presence
of Garrod’s pad (thickenings on dorsum of MCP joints) are
at increased risk in a dose-dependent fashion. Presence of
all five diathesis factors increases the risk of recurrence by

Fig. 7.1 (a, b) The patient presented for evaluation of a contracture of the small finger on his left hand.
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Table 7.1 Anatomy of Dupuytren’s contracture

Cord Origin NVB displacement Contracture Other
Pretendinous cord Pretendinous band ND MCP) Commonly extends distally
to become continuous with
digital cords
Vertical cord Septa linguae and Juvara ND No Not common
Spiral cord Pretendinous band, spiral band,  Volar and medial PIP| Most commonly in small finger
lateral digital sheet, Grayson’s
ligament
Natatory cord Natatory ligament ND Web space
Central cord Extension of pretendinous cord ND PIP| Attaches into flexor tendon
in palm (no preexisting central sheath near PIP] or periosteum
band) of middle phalanx on one side
of digit
Lateral cord Lateral digital sheet Midline (because of PIP] and DIP) Attaches to skin or Grayson’s
its volume) ligament
ADM ADM tendon Sometimes PIP) Can present as isolated digital
cord; insertion points vary
Distal commissural cord Distal commissural ligament ND Web space Decrease in palmar and thumb
abduction
Proximal commissural cord ~ Proximal commissural ligament ~ ND Web space Decrease in thumb abduction
Thumb pretendinous cord Thumb pretendinous band ND MCP)

Abbreviations: ADM, abductor digiti minimi; DIP], distal interphalangeal joint; MCPJ, metacarpophalangeal joint; ND, no displacement; NVB, neuro-

vascular bundle; PIP|, proximal interphalangeal.

Source: Cheung K, Walley KC, Rozental TD. Management of complications of Dupuytren contracture. Hand Clin. 2015;31(2):345-354.

Mean predictive risk
80%
71%

0 1 2 3 4 5
Number of daithesis factors present

Fig. 7.2 Influence of number of Dupuytren’s diathesis risk factor
on contracture recurrence. (Adapted from Hindocha S, Stanley JK,
Watson S, Bayat A. Dupuytren’s diathesis revisited: evaluation of
prognostic indicators for risk of disease recurrence. | Hand Surg Am
2006;31(10):1626-1634.)

71% compared to a baseline risk of 23% in Dupuytren’s patients
without these risk factors (> Fig. 7.2).

Risk of recurrent contracture may also be influenced by the
previous treatment. The rate of contracture recurrence appears
to be greatest in patients undergoing needle aponeurotomy,
with 85% of patients developing recontracture at 4 years and
50% requiring repeat intervention. The risk of recontracture is
less with collagenase clostridium histolyticum (CCH) injection
and open fasciectomy, but these too have substantial recur-
rence rates (> Table 7.2).
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Finally, Dias et al evaluated patterns of recurrent contrac-
ture specifically at the PIP joint and identified four patterns of
recontracture: (1) minimal recontracture, (2) mild early recon-
tracture, (3) severe early recontracture, and (4) progressive
recontracture. The authors reported that worsening of con-
tractures of more than 6 degrees between 3 and 6 months after
surgery was predictive of progressive recontracture at 5 years.

7.3 Recommended Solution to the
Problem

The literature does not provide clear guidance for the manage-
ment of recurrent Dupuytren’s contracture, as no one treat-
ment has demonstrated superiority over another.

Given this lack of consensus regarding the optimal treatment
of recurrent Dupuytren’s contracture, we recommend present-
ing all treatment options to the patient (observation, CCH injec-
tion, needle aponeurotomy, and open palmar fasciectomy) and
allow their preferences of the risk-benefit profiles of the vari-
ous interventions to determine the treatment.

We tend to favor either CCH injection or open partial fasci-
ectomy. CCH injection is recommended in patients with con-
tractures resulting principally from a discrete, palpable cord
of pathologic fascia in the palm. The benefits of CCH injection
include that it is minimally invasive with a shorter recovery
time compared to open fasciectomy; however, it is associated
with substantial edema, hemorrhage, and ecchymosis; carries
a small risk of flexor tendon injury; and has a higher recur-
rence rate than open surgery. In patients with less well-defined
cords who are likely to have multiple structures contributing
to contracture recurrence, we recommend open fasciectomy
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Ill Problems with Dupuytren’s Disease

Table 7.2 Recurrence rates following fasciectomy, needle fasciotomy, and collagenase

Fasciectomy?®< Needle fasciotomy>"< Collagenase injection®

Rate of overall recurrence (%) 21 85 35
MCP) (%) 21 57 27
PIPJ (%) 21 70 56

Abbreviations: MCP|, metacarpophalangeal joint; PIP|, proximal interphalangeal.

Source: Data from Cheung K, Walley KC, Rozental TD. Management of complications of Dupuytren contracture. Hand Clin 2015;31(2):345-354.
?Patients undergoing fasciectomy and needle fasciotomy for recurrent disease required additional procedures in 32 and 50% within 4 years,
respectively.

bRecurrence rates for fasciectomy and needle fasciotomy ranged from 0 to 39% and 50 to 58%, respectively.

Recurrence was defined as an increase of total passive extension deficit of at least 30 degrees.

dRecurrence was defined as an increase in joint contracture of 20 degrees or greater in the presence of a palpable cord, or the need for the joint

to have further medical or surgical intervention.
cOverall reoccurrence rate reported at 3 years following intervention.

with joint contracture release, and possible local skin flaps as
this allows all pathologic structures to be addressed and has
the lowest recurrence rate. The limitations of open fasciectomy
include the higher risk of neurovascular injury, wound compli-
cations, infection, and longer duration of recovery.

In this patient with a palpable cord extending in the digit
who has undergone multiple previous treatments, his contrac-
ture is likely the result of recurrent Dupuytren’s tissue, scar
formation, and contracted joint capsule. He elected to undergo
open surgical fasciectomy and joint capsule release.

7.3.1 Recommended Solution to the
Problem

* There is no consensus in the literature regarding optimal
treatment.

« Patient preference regarding risks and benefits of the differ-
ent treatment options is paramount.

* Ideal candidates for collagenase injection have a well-defined
palpable cord in the palm.

* Patients with severe contractures but without a discrete cord
may achieve better correction of the contracture with open
fasciectomy, which allows all pathologic structures contrib-
uting to the joint contracture to be addressed.

* Occasionally full correction of the contracture cannot be
achieved due to contracture neurovascular structures limit-
ing full extension.

7.4 Technique

The patient is positioned supine on a well-padded operating
table with the operative upper extremity positioned on a hand
table. A nonsterile tourniquet is placed on the proximal portion
of the operative limb after it has been padded with a cotton
wrap. Preoperative antibiotics are administered within 1 hour
of surgical start time. We recommend a Bier block or brachial
plexus block and sedation for anesthesia. The hand is placed in a
holding device (i.e., lead hand, Strickland hand table, or similar)
to allow for retraction of the uninvolved digits. A Bruner zigzag
incision is made over the volar aspect of the digit, beginning

28
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Fig. 7.3 A Bruner zigzag incision is marked over the volar aspect
of the digit, beginning in the palm and extending to the distal
interphalangeal joint.

in the palm and extending to the DIP joint (>Fig. 7.3). Full-
thickness flaps of skin and subcutaneous tissue are elevated
from the palmar fascia. These may be sutured to the adjacent
skin with monofilament suture to retract the skin flaps.

The radial and ulnar neurovascular bundles to the digits are
identified and exposed throughout their course, so they may be
protected throughout the case (> Fig. 7.4a). The diseased fascial
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Fig. 7.4 (a) The radial and ulnar neurovascular bundles to the digits are identified and exposed. (b) The diseased fascial cords. (c) A lateral
digital cord is dissected and excised. (d) A retrovascular cord was causing contracture of the distal interphalangeal joint; it was also excised.

cords are identified (> Fig. 7.4b). This patient had a lateral dig-
ital cord that was dissected and excised (> Fig. 7.4c). We also
identified a retrovascular cord causing contracture of the DIP
joint, which was also excised (> Fig. 7.4d).

The range of motion of the digit was assessed and this
patient was found to have residual PIP flexion contracture
resulting from contracture of the joint capsule (> Fig. 7.5a).
The A3 pulley was opened to allow access to the PIP
joint (»Fig. 7.5b). The checkrein ligament and accessory
collateral ligaments were identified and released. The pas-
sive range of motion of the PIP joint was reassessed. We
were able to completely extend the PIP joint with minimal
resistance (> Fig. 7.5¢).
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The tourniquet is deflated and the perfusion of the digit is
assessed; occasionally, the perfusion of the digit is compromised
by tension on the shortened arteries, as is seen in this patient
with release of a ring finger flexion contracture (>Fig. 7.6).
Decreasing the extension of the digit is often sufficient to
restore perfusion. However, if it is not, we recommend evalua-
tion of the digital artery under loupe visualization or operating
microscope to ensure the artery has not been injured. After per-
fusion has been confirmed, meticulous hemostasis is obtained
to prevent the development of a hematoma, which limits early
motion of the hand and promotes scar tissue formation.

The skin flaps are then approximated and closed with nylon
suture. If the skin flaps are tight, VY advancement flaps are
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Ill Problems with Dupuytren’s Disease

Fig. 7.5 (a) The patient had residual proximal interphalangeal (PIP) flexion contraction resulting from contracture of the joint capsule.
(b) Opening of the A3 pulley to allow access to the PIP joint. (c) Extension of the PIP joint.

Fig. 7.6 Compromise of digit perfusion.

helpful, as were required in the case. The wound is dressed
with nonadherent gauze dressing, fluff, and cotton wrap. A
well-padded short-arm volar resting plaster splint is applied
from the forearm to the affected and adjacent finger with
the MCP joints in 20 to 30 degrees of flexion and the PIP and
DIP joints in full extension, sometimes referred to as bayonet
positioning.

Postoperatively, we recommend starting hand therapy
within 2 to 3 days of surgery (>Fig. 7.7a,b). At that time, the
plaster splint is removed and replaced with a removable

Thermoplastic splint, which the patient is instructed to wear
at all times, unless performing hygiene or range of motion
exercises (> Fig. 7.7c,d). The patient is educated in wound care,
edema control, active and passive range of motion exercises.
The sutures are removed at 2 weeks and at this point, the splint
is worn at nighttime only.

7.5 Postoperative Photographs
and Critical Evaluation of Results

This patient had near full correction of his PIP joint contrac-
ture (90-degree contracture preoperatively improved to degrees
postoperatively) and with less improvement of the DIP contrac-
ture (> Fig. 7.8). He had no change in sensation in his small fin-
ger compared to his preoperative examination. He reports being
very pleased with the outcome of his surgery, and already finds
activities of daily living and recreational activities easier.

This patient’s outcome is consistent with what is
described in the literature. Patients often experience sub-
stantial improvement in range of motion following treat-
ment and report improvement in hand function, regardless
of treatment type. Nevertheless, patients rarely achieve full
correction of the deformity, and many have persistent, albeit
milder, functional limitations. Not uncommonly, patients
experience sensory deficits following contracture release,
with approximately one-third of patients reporting dimin-
ished sensation and one-third of patients reporting absence
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Fig. 7.8 (a, b) Result 3 weeks postoperative.

of protective sensation. Despite these limitations, patient 7.6 Teaching POintS

satisfaction for revision contracture release is high. Some
authors have hypothesized that the high degree of patient * Contracture recurrence is common following all treatment

satisfaction following treatment of recurrent contractures is modalities for Dupuytren’s contractures, although the risk
due to the fact that the patients are well educated regard- appears to be higher with needle aponeurotomy and in pa-
ing their disease, have appropriate expectations, and are tients with features of Dupuytren’s diathesis.

appreciative of the improvements they have gained as well ~ * There is no evidence to support the superiority of one treat-
as avoiding of amputation. ment option over another.
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« Patient education regarding the high risk of recurrence
as well as the risks and benefits of the various treatment
options is paramount to establish patient expectations.

« Surgery for recurrent Dupuytren’s contractures following
previous intervention may be more technically challenging
secondary to abundant scar tissue and distorted tissue planes.
Identifying and protecting vital structures, including the neuro-
vascular bundle and underlying flexor tendons, is imperative.
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8 Complications of Dupuytren’s Contracture Treatment

Nash H. Naam and F. Thomas D. Kaplan

8.1 Patient History Leading to the
Specific Problem

A 62-year-old steelworker presented for treatment of his right
small finger contracture. The proximal interphalangeal (PIP)
joint was contracted to 70 degrees, associated with an abductor
digiti minimi cord. He had previously had a fasciectomy in his
left ring finger and first web space, which was complicated by
a flare reaction. As a result, he struggled to regain flexion of
all digits and was unable to return to work for 6 months. After
discussion of treatment options, he chose clostridial collage-
nase histolyticum (CCH) treatment for his right small finger
contracture.

The injection was performed per manufacturer’s guidelines,
injecting 0.58 mg of clostridial collagenase into three contig-
uous areas of the cord. A manipulation was performed the
following day, without anesthesia, resulting in cord rupture
and near-full passive extension. The patient was fitted for an
extension splint to wear at nighttime, and instructed in a home
range of motion (ROM) exercise program. Eight days following
the injection, the patient had returned to his job. While grip-
ping a pallet jack to move a heavy pallet, he felt a pop in the
treated finger.

8.2 Anatomic Description of the
Patient’s Current Status

Physical examination demonstrated typical sequela of colla-
genase injection including mild edema and mild ecchymo-
sis (> Fig. 8.1). Sensation was intact; however, the patient had
no active flexion of the distal interphalangeal (DIP) joint, and
decreased active flexion of the PIP joint. Diagnosis of rupture

Fig. 8.1 Initial examination.
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of the flexor digitorum profundus (FDP) tendon, with an intact
flexor digitorum superficialis (FDS), was made and confirmed
by magnetic resonance imaging.

8.3 Recommended Solution to the
Problem

Two-stage reconstruction is the recommended option
following tendon rupture, particularly when both tendons
fail. It requires two surgeries, separated by 4 to 6 months,
and potentially a third tenolysis procedure. This is a signif-
icant time and financial commitment, however, and is best
suited for patients able to be compliant and diligent with
their rehabilitation.

Acceptance of an FDS-only finger can be the best choice for
many patients with isolated FDP rupture, particularly those
with a preexisting stiff DIP joint. Wanting to avoid surgery, our
patient initially choose observation and therapy to regain active
PIP motion. Six weeks later, the patient continued to have lim-
ited PIP flexion as well as pain in the palm, and was indicated
for excision of the tendon stump and FDS tenolysis, still refusing
tendon reconstruction and preferring the more rapid recovery
of an FDS-only finger.

The risk of tendon rupture as a result of collagenase injec-
tion, and how to mitigate against it, should be thought about
during every injection. There are likely multiple factors
involved in a patients’ risk of tendon rupture. Location plays a
key role, with all three ruptures occurring in the clinical stud-
ies following injection for PIP contracture in the small finger.
Of the 26 ruptures reported in the 3 years following Food and
Drug Administration (FDA) approval, 13 involved the small fin-
ger (5 metacarpophalangeal [MCP] and 8 PIP), 4 involved the
ring finger MCP, and 9 were unidentified. As the cord moves
distally in the finger, it becomes closer to the flexor sheath.
Additionally, there is less space between the skin and the
flexor sheath at the PIP joint (4 mm) compared to the MCP
joint (7 mm). Extreme care should be taken while performing
CCH injections. The syringe must be stabilized during the injec-
tion to prevent the needle from moving outside of the cord.
During injection, a significant amount of resistance should
be felt. If resistance is lost, extravasation outside of the cord
is happening, and the needle should be moved to a new loca-
tion in the cord. For digital cords, injections should be placed
proximally whenever possible, utilizing the “safe zone” of no
more than 4 mm distal to the proximal digital flexion crease.
The cord can be injected so that the needle points away from
the flexor sheath using a more horizontal injection aiming lat-
erally. If the cord is particularly thin, surgeons should consider
using less than the full 0.58-mg dose, particularly when inject-
ing distal to the proximal digital flexion crease. Finally, we
counsel patients to avoid forceful gripping and lifting for 3 to
4 weeks following injection, to allow for collagen remodeling.
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8.3.1 Recommended Solution to the
Problem

« Tendon reconstruction:
- Primary repair not advised due to zone of injury and ten-
don quality.
- Two-stage reconstruction:
o Placement of tendon rod and FDS excision (if present).
o Removal of rod and tendon graft after wound quies-
cence.
* DIP joint fusion.
 Acceptance of FDS-only finger.

8.4 Technique

Intraoperatively, the ruptured stump of the FDP tendon was
found in the mid-palm (»Fig. 8.2a,b). The FDS tendon was
adhered in scar, and an area of partial thinning seen (> Fig. 8.2c).

The stump of the FDP tendon was freed of scar tissue, and
the lumbrical origin released. The tendon was excised. Tenolysis
of the FDS was performed proximal to the A1 and A2 pulleys

and between the A2 and A4 pulleys, until tension on the proxi-
mal FDS tendon resulted in full PIP flexion. The patient started
immediate postoperative therapy for edema control and ROM
exercises.

8.5 Postoperative Photographs
and Critical Evaluation of Results

The patient regained full active MCP joint motion and PIP joint
motion of 45 to 80 degrees. He was able to return to his man-
ual labor job. Follow-up evaluation 3 years following treatment,
the patient had lost extension at the PIP joint with ROM of
70 to 92 degrees (> Fig. 8.3). There was no palpable Dupuytren’s
tissue. The recurrent flexion contracture was therefore felt to be
primarily due to arthrofibrosis and extensor mechanism atten-
uation, two factors that lead to recurrent and residual PIP con-
tractures in patients with long-standing severe PIP contractures
regardless of primary treatment method.

CCH is a mixture of two purified bacterial enzymes that act
to lyse the highly stable triple-helical type I and III collagens

Fig. 8.2 (a, b) Ruptured stump of the flexor digitorum profundus tendon. (c) Area of partial thinning of the flexor digitorum superficialis
tendon.
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Fig. 8.3 (a, b) Follow-up examination 3 years postoperative.

comprising Dupuytren’s cords. The synergistic activity of these
two enzymes results in rapid degradation of fibrillar collagen
tissue, weakening the cord, and allowing for subsequent elon-
gation and rupture. The by-product of this action are small
collagen fragments that trigger three characteristic physio-
logic responses: vascular leakage, neutrophil chemotaxis, and
wound-healing response.

Complications after treatment with CCH can be broken down
into side effects related to the formation of collagen break-
down products, those caused by damage to adjacent collagen-
containing structures, allergic reactions to the foreign bacterial
proteins, and those related to the manipulation procedure.
Most patients treated with CCH demonstrate typical reactions
to the collagen fragments including swelling, ecchymosis, and
pain/tenderness in the treated hand. Less commonly, patients
will develop itching and/or an ecchymotic rash in the medial
forearm and arm (> Fig. 8.4), or lymph node swelling and ten-
derness related to the elimination of the fragments. These side
effects are typically short-lived, with resolution occurring
within 1 to 2 weeks.

Immunologic reactions to CCH are extremely rare. Although
most subjects (>85.7%) in the preclinical trials of collagenase
formed antibodies to one or both of the enzyme subtypes
30 days after their first injection, and 100% formed antibodies
after their third or fourth injection, there has been only one
report of an anaphylactic reaction to CCH. Though pruritus
occurs in patients with no prior exposure to CCH, the incidence
is higher in those patients with prior exposure, indicating a
possible mild immunological response.

Injury to the finger can occur during the manipulation pro-
cedure. At this time, there have been no reports of nerve or
arterial stretch injury, joint dislocation, or fracture. Skin lacer-
ations, however, are not uncommon (> Fig. 8.5a, »Video 8.1).
When one injection is given, the rate of skin tears was up to 11%
in the clinical trials, and 22% when two concurrent injections
are given. In my experience in over 500 patients, skin tears are
more likely to happen in patients with more severe contracture,
those with more significant swelling, and those who form blood
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Fig. 8.4 Ecchymotic rash as a result of treatment with clostridial
collagenase histolyticum.

blisters (>Fig. 8.5b), particularly when the finger is anesthe-
tized prior to manipulation.

Injury to adjacent structures are the most serious compli-
cations of CCH use. Like Dupuytren’s cords, tendons and lig-
aments are also comprised of type I collagens. They can be
weakened during treatment for Dupuytren’s disease if some of
the injected drug extravasates outside of the treated cord, or the
medicine is inadvertently injected into them. The risk of tendon
and ligament injury is fortunately extremely low. In the clini-
cal trials, out of 1,082 patients receiving 2,630 injections, there
were 3 tendon ruptures and 1 pulley rupture (rate: 1.5/1,000
injections). Postmarket surveillance data reporting on the first
3 years of clinical use found 26 tendon ruptures from 49,078
injections (rate: 0.5/1,000 injections), and 1 pulley injury (rate:
0.02/1,000 injections). Surgical options for tendon rupture
include tendon repair, tendon reconstruction, or salvage pro-
cedures aimed to improve the function of a tendon-deficient
finger (tenolysis, DIP joint fusion). In a patient with rupture
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Fig. 8.5 Injuries to the finger during manipulation. (a) Skin laceration. (b) Blood blisters.

of both FDS and FDP tendons after CCH injection, Povlsen and
Singh reported “disappointing” active ROM following direct
tendon repair. Tendon rupture resulting from CCH damage
leads to a zone of injury that likely compromises successful
direct repair. Reporting on another case of FDS and FDP rupture
after CCH treatment, Zhang et al chose to perform a two-stage
tendon reconstruction due to “loss of tendon substance and
injury to the tendon sheath.” The patient regained functional
motion of 0 to 110 degrees of the MCP and 25 to 80 degrees
of the PIP joints at final follow-up 2.5 years after surgery (DIP
motion was not reported).

8.6 Teaching Points

= Common side effects of CCH:
- Edema.
- Ecchymosis.
- Injection site pain/tenderness.
Pruritis.
- Lymph node tenderness/swelling.
Complications of manipulation:
- Skin tear.
Major complications:
- Flexor tendon rupture.
- Pulley rupture.
Surgeons must be careful during the injection procedure to
ensure proper intralesional injection:
- Avoid injection more than 4 mm distal to the proximal
digital flexion crease.
- Direct injection away from the flexor sheath.

- Avoid extravasation—if resistance during injection is lost,
stop injection and move to a new location in the cord.

» Educate patients to avoid forceful grasping for 3 to 4 weeks
postinjection.

« If rupture of both tendons occurs, two-stage reconstruction
is recommended.

« If rupture of only FDP occurs, an FDS-only finger may be
acceptable depending on patient preference.
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9 Flexor Tendon Rupture

Jin Bo Tang

9.1 Patient History Leading to the
Specific Problem

A 36-year-old man was seen in our unit with inability of active
flexion of the distal interphalangeal (DIP) and proximal inter-
phalangeal (PIP) joints of the left index finger, 3 weeks after
primary flexor tendon repair of the flexor digitorum profun-
dus (FDP) tendon in another hospital (> Fig. 9.1).

His FDP tendon had been repaired with the two-strand mod-
ified Kessler method and a simple running peripheral suture
following a cut in the middle part of the proximal phalanx. He
started active motion at the beginning of week 3 after immo-
bilization and passive finger motion in the first 2 weeks after
surgery. He noted he could not actively flex the DIP or PIP joints
of the repaired finger and was diagnosed as having a rupture of
the repaired FDP tendon of the left index finger.

9.2 Anatomic Description of the
Patient’s Current Status

The site of this patient’s initial flexor tendon laceration was in
anatomic zone 2 of the digital flexor tendon; the exact loca-
tion is zone 2B (> Fig. 9.2a). In this area, the tendon has to glide
into zone 2C (i.e., the A2 pulley area) to flex the finger. The

Fig. 9.1 The left index finger exposed to confirm disruption of the
repair after the patient was found unable to actively flex the finger
3 weeks after initial primary repair.

surgical repair of the tendon in zone 2B is particularly prone
to disruption if the repair is weak, for example, a two-strand
Kessler repair (as was the case in this patient), or if the repair
site has no tension (which tends to allow the repair site to gap
during active finger motion, easily becoming entrapped at the
edge of the A2 pulley). The A2 pulley, which is rigid and nar-
row, 1.5- to 1.8-cm long, is located over the proximal two-thirds
of the proximal phalanx. This pulley hinders the gliding of the
repaired but still edematous FDP tendon after surgery and
significantly increases resistance to tendon gliding. The area
of the A2 pulley is the most anatomically complex in zone 2.
The narrowest parts of the A2 pulley are its distal and middle
portions (> Fig. 9.2b).

During this patient’s initial primary repair by relatively inex-
perienced surgeons, the A2 pulley was not vented. Subsequently,
the repaired FDP tendon disrupted after commencement of
active motion of the repaired finger.

9.3 Recommended Solution to the
Problem

Complications of rupture of the primarily repaired tendon can
be prevented by using strong repair techniques, such as a mul-
tistrand core suture, and venting of a part of the A2 pulley or
the entire A4 pulley depending on the location of the tendon
repair. The author prefers a six-strand core suture plus a sim-
ple running peripheral suture, though others generally recom-
mend a core suture of four strands or more. The addition of two
strands to a four-strand core repair may add only 5 minutes to
the procedure, but ensures a much greater safety margin for
early active digital motion. The author always uses a six-strand
repair with 4-0 (or sometimes 3-0) suture, using either an
M-Tang core repair (> Fig. 9.3a) or a six-strand (three groups)
asymmetric Kessler repair (> Fig. 9.3b). The author uses the
six-strand repair methods for re-repair of ruptures of primarily
repaired FDP tendons.

As for the decision between re-repair of the disrupted FDP
tendon and secondary tendon grafting, the author re-repairs a
rupture if it occurs within 4 to 5 weeks after the initial repair.
Within that period, it is possible to redo a primary repair of the
disrupted tendon after proper trimming of the softened or rag-
ged tendon ends. In the author’s experience, such a re-repair
is practical and a good solution. Ruptures 5 weeks after initial
tendon repair are rare but should be treated secondarily with
tendon grafting.
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6-strand Asymmetric Kessler

Fig. 9.2 Flexor tendons and pulleys in the
fingers. (a) Zone and subdivisions of the zone
2 of the finger. (b) Anatomy of the A2 and A4
pulleys with amplified view of anatomy of the
A2 pulley. The narrow parts of the A2 pulley
are from a1b1 to a2b2, which are at the distal
and middle portions of the A2 pulley.

Fig. 9.3 Two repair methods that the author
often uses. (a) A six-strand M-Tang method.
(b) A six-strand asymmetric Kessler method.
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IV Problems with Flexor Tendon Repair

9.3.1 Recommended Solution to the
Problem

For the above patient, the author decided to perform an end-
to-end FDP tendon repair soon after he was admitted, that is,
3 weeks after the initial primary repair.

9.4 Technique

The surgery was done under branchial plexus anesthesia and
with tourniquet control. A Bruner incision was used to extend
the original site of injury and previous surgical incision.
The disrupted FDP tendon was found buried within a dense
scar (> Fig. 9.4), and the A2 pulley was collapsed, with a portion
totally embedded within the adhesions. The proximal end of
the tendon was retracted proximally to the A2 pulley.

The ragged ends of the FDP tendon were trimmed, with a
total of 1 cm of tendon substance removed (> Fig. 9.5). Then 70%
of the A2 pulley was resected, with only a rim of the A2 pulley
retained. The proximal end of the FDP tendon was advanced
underneath the A2 pulley to approximate the distal end of the
disrupted tendon.

The finger was then held in semiflexion to allow approxima-
tion of the tendon ends under tension, using a 25-G needle to
temporarily transfix the proximal tendon end at the proximal
part of the index finger. The FDP tendon was then repaired with
an M-Tang core suture using two looped sutures, maintaining a
core suture purchase of 1 cm in each tendon and some tension
in the suture strands to avoid a loose repair. Then, a 6-0 nylon
was used for a simple running peripheral suture.

The temporary needle fixation was then released from
the proximal tendon. The finger was passively extended and

flexed to confirm the absence of gapping at the repair site
and smooth tendon gliding under the A2 pulley. The skin was
then closed.

9.4.1 Steps for the Procedure

1. Ends of the FDP tendon were trimmed.

2. The scarred part of the A2 pulley was resected.

3. The proximal end of the FDP tendon was advanced under
the already shortened A2 pulley.

4. The finger was held in semiflexion.

5. The FDP tendon was repaired.

6. Temporary needle fixation was released from the proximal
tendon.

7. The finger was extended and flexed to confirm smooth
gliding of the tendon without gapping.

9.5 Postoperative Photographs
and Critical Evaluation of Results

The wrist was held in mild flexion and the metacarpophalan-
geal joint flexed for 40 degrees in a dorsal splint extending to
the middle of the forearm. Early active digital flexion to two-
thirds of the total range of motion was initiated 5 days after
the surgery, progressing to a full range of active digital flexion
4 weeks after surgery. The patient’s splint was discarded at the
end of week 6 after surgery.

Follow-up 6 months after surgery showed excellent out-
comes with full flexion and extension of the repaired fin-
ger (> Fig. 9.6). There is no tendon bowstringing of the left index
finger.

Fig. 9.4 Tendons in dense scar and disruption.

Fig. 9.5 After placement of the M-Tang core suture and preserva-
tion of a part of the intact A2 pulley. Most of the A2 pulley was em-
bedded in the scar and had to be excised. The tendon was repaired
with moderated tension.
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Fig. 9.6 Postoperative recovery 6 months after re-repair of the flexor digitorum profundus tendon with (a) full active flexion and (b) full active
extension.

9.6 Teaching Points

« If the disruption is within 4 to 5 weeks after initial repair,
perform end-to-end direct repair soon after finding rupture
of the primarily repaired FDP tendon.

* The repair method can be the same as that proposed for

primary tendon repair, but the author strongly recommends a

stronger repair method, because the tension of the reconnect-

ed tendon is much greater after trimming the ragged tendon
ends. At least a six-strand core suture repair is recommended.

The tendon ends should be trimmed to remove the ragged

edges. Usually, a 0.5-cm tendon substance should be re-

moved from either end.

The A2 pulley should be partially resected.

All adhesions should be excised.

Tension should be added to the tendon repair site, and a

slightly bulky repair is fine.

Do not attempt to repair the FDS tendon in zone 2C.

Make sure that the repaired tendon glides smoothly under

the A2 pulley and that the repair site does not gap when the

surgeon passively extends the operated finger fully and then
passively flexes the operated finger (called “digital exten-
sion-flexion test”) before closing the skin.

With local anesthesia and no tourniquet, the operator can ask

the patient to actively extend and flex the operated finger in

order to check the gap resistance and gliding of the tendon.

That is the benefit of this “wide-awake” approach to primary

tendon repair.

Encourage only partial active motion of the repaired finger

in the first 3 to 4 weeks after surgery. Avoid active motion

to the final one-third of the finger flexion arc, because this

range creates much greater gliding resistance, making the

tendon repair quite vulnerable.

« After surgery, put the wrist in neutral or slight flexion
with a short forearm splint or slab for the first few weeks.
Do not place the wrist in marked or extreme flexion when
splinting.
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10 Adhesions of the Flexor Tendon

Donald H. Lalonde

10.1 Patient History Leading to
the Specific Problem

A woman in her late 60s presents 63 years after laceration and
repair of the flexor tendons of the long and ring fingers in the
palm. She has full extension but only about half of normal flex-
ion of the long and ring fingers of her right hand. She only had
about one-quarter normal passive extension of the affected fin-
gers. There are scars in the palm where the tendons are stuck in
dense adhesions (> Fig. 10.1).

Adhesions are best avoided in flexor tendon repair by per-
forming the repair wide awake with lidocaine and epinephrine.
In the absence of a tourniquet and sedation, patients can com-
fortably test the flexor tendon repairs to make sure they are not
gapping and that they fit through the pulleys. Early protected
movement with true active movement would have also pre-
vented this if she had not been a child at the time of injury.

10.2 Anatomic Description of the
Patient’s Current Status

She has stiffness of the joints that limit passive flexion. She
had a soft-end feel in her stiff metacarpophalangeal (MCP),

proximal interphalangeal (PIP), and distal interphalangeal (DIP)
joints. This means that the joints have a little spring when pas-
sively flexed, as opposed to a rock hard-end feel of a bony block
that would not respond to therapy. She should not have teno-
lysis surgery until she has regained all passive motion of the
joints with hand therapy.

10.3 Recommended Solution to
the Problem

She was a cooperative patient willing to get the movement
back. She was therefore sent to a hand therapist who was
able to help the patient get the full passive movement back
in 6 months. She was now ready for wide-awake tenolysis
surgery (> Fig. 10.2).

10.3.1 Recommended Solution to the
Problem

* Get passive movement of all joints before surgery.
* Perform the tenolysis wide awake, so the patient can help
you rupture the adhesions.

Fig. 10.2 Full passive range of motion of (a) the ring finger and (b) the long finger obtained with hand therapy before surgery.
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« Perform the tenolysis wide awake, so the patient can
remember the range of motion she got in the operating
room. She will be motivated by that memory to get through
postoperative therapy and get that intraoperative range of
motion back.

Immobilize and elevate the hand for 3 to 5 days after the
surgery. Avoid immediate movement because it encourages
bleeding and clots inside the wound. Blood clots need to be
mopped up with vascular infiltration and scar formation,
which is not good for movement. You can delay moving

for 3 to 5 days because collagen formation does not even
start until day 3. Before moving, let the bleeding stop, let

the swelling come down, and let the work and friction of
movement decrease with immobilization and elevation. The
author encourages all patients to move only when they are
off all painkillers.

When you start moving at 3 to 5 days, remember that the
tendon repair is very weakened. You have removed most

of the collagen around the tendon, so there is very little
strength left. You have also removed most of the blood
supply by denuding the scar, and so your tendon is now
quite avascular. If you force it, it will rupture. Instead, treat

it exactly as you would a freshly repaired flexor tendon with
gentle protected early true active movement. We allow up

to half a fist of true active movement for the first couple of
weeks. The patients can move it, but they cannot use it. They
do not need a full fist in the beginning. They just do not want
it to get stuck.

10.4 Technique

Before the patient comes into the operating room, inject
10 mL of buffered lidocaine with epinephrine in the
palm in the most proximal place that dissection will take
place (> Fig. 10.3, »Video 10.1). Do not move the needle for
this initial injection. The local anesthesia will find its way.
Use a 27-G needle and inject very slowly to minimize pain.
After the initial 10 mL, reinsert the needle distally in an area
clearly white with epinephrine vasoconstriction to avoid
painful needle reinsertion.

Continue tumescing until the palm is visibly swollen with
local anesthetic solution, and then inject 2 mL per phalanx in
the subcutaneous fat between both digital nerves. Remember
that preexisting scars and creases form a natural barrier to local
anesthetic solution.

Get into the sheath through transverse sheathotomies.
Preserve as much pulley as possible. Use a freer elevator on
the palmar and lateral sides of the tendon to separate it from
the A2 pulley (> Fig. 10.4a, »Video 10.2). Use tenotomy scis-
sors on the dorsal side of the tendon to sharply dissect it from
scar holding it to the bone. Dissect a little. Then, encourage the
patient to rupture adhesions with active movement a little.
Repeat dissection and active flexion until the patient ruptures
the final adhesions. Let the patient see her own final flex-
ion ability so she knows what to aim for with therapy in the
rehabilitation (> Fig. 10.4b).

At the end of tenolysis, tendons are greatly weakened as they
are denuded of adjacent collagen and greatly devascularized
with removal of scar tissue.

Fig. 10.3 Proposed incisions and location of initial 10 mL of local
anesthetic injection. After letting the initial 10 mL work for

30 minutes, an additional 10 mL is injected in the distal palm and
then 4 mLin each finger (2 mL in subcutaneous fat of the center of
each ring and long proximal and middle phalanxes).

Fig. 10.4 (a, b) In the long finger, a profundus only tendon is carved out of adhesions with the patient’s help as she pulls and ruptures the last
few adhesions. In the ring finger, both superficialis and profundus tendons were carved out of scar. See how frail and denuded of blood supply
the remaining tendon is. This is why we rehabilitate it like a freshly repaired tendon so it does not rupture.
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IV Problems with Flexor Tendon Repair

10.4.1 Steps for the Procedure

1. Inject the local anesthesia so that it does not hurt.

2. Wait 30 minutes before making an incision to allow opti-
mal epinephrine vasoconstriction and lidocaine numbing.

3. Dissect a little, let the patient rupture adhesions with
active movement a little. Repeat until the patient ruptures
the final adhesions.

10.5 Critical Evaluation of Results

The patient still does not have 100% flexion, and still remains
deficient in index finger flexion as well. However, she has an
almost normal functional range of motion and is much better
than before the surgery (> Fig. 10.5, » Video 10.3). She will likely
continue to gain as she uses the hand over the next year or two.

10.6 Teaching Points

« Scars need to be soft before tenolysis.

« Get full passive motion before surgery.

* Do the tenolysis wide awake.

* Preexisting scars and creases form a natural barrier to local
anesthetic solution.

» Immobilize and elevate for 3 to 5 days instead of immediate
aggressive movement to avoid rupture.

Fig. 10.5 Six weeks postoperative demonstrating extent of active
flexion.

« Start early protected true active movement as you would
for a freshly repaired flexor tendon to avoid rupture of the
weakened devascularized denuded tendon.
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11 Bowstringing of the Flexor Tendon

Jin Bo Tang

11.1 Patient History Leading to
the Specific Problem

A 52-year-old man was referred to the author because of sud-
den loss of active flexion of the index finger in the first week
after repair of the flexor digitorum profundus (FDP) tendon
with a two-strand modified Kessler repair. The original lacer-
ation was at the proximal interphalangeal (PIP) joint level. He
lost active flexion of the distal interphalangeal (DIP) and PIP
joints of that finger after starting early active digital flexion.
The author decided to perform a re-repair of the disrupted
FDP tendon, 4 weeks after initial primary repair. However, he
developed adhesions after the second direct end-to-end repair.
Tenolysis was performed twice, but he ended up with limited
improvement in active finger flexion and bowstringing at the
PIP joint (> Fig. 11.1). He was diagnosed as having adhesions,
pulley destruction, and tendon bowstringing. According to the
clinical presentation, the A4 pulley had to be reconstructed.

After detailed discussion with the patient, we decided to
proceed with staged tendon reconstruction and pulley recon-
struction. The plan was that in stage 1 of the surgery, the frayed
FDP tendon would be removed from zones 1 and 2 and replaced
with a Hunter rod, with reconstruction of the pulleys over the
rod. In stage 2 of the surgery, the Hunter rod would be replaced
with a palmaris longus tendon graft.

11.2 Anatomic Description of the
Patient’s Current Status

An important feature of the digital flexor tendon system is
the presence of annular pulleys (> Fig. 11.2), of which the A2

A5 C3 A4 C2 A3 (I A2 Al

zones

Palmar
aponeurosis  septa

and A4 pulleys are the largest and functionally most import-
ant. Therefore, if all annular pulleys have been destroyed,
these two pulleys should be reconstructed; if only one
remains, the other should be reconstructed. The A2 pulley is
located at the proximal and middle portions of the proximal
phalanx and the A4 locates at the center of the middle
phalanx.

For this patient, re-repair of the disrupted FDP tendon would
increase the risk of adhesions, and severe adhesions tend to
destroy the entire sheath—including most or all of the annular
pulleys; this is a possible cause of destruction of the A4 pulley
and its adjacent structures. At least the A4 pulley needed to be
reconstructed for this patient.

Fig. 11.1 Bowstringing of the flexor digitorum profundus tendon
at the proximal interphalangeal joint after primary repairs of the
tendon. (This image is provided courtesy of Jin Bo Tang, MD.)

Fig. 11.2 Locations of the annular pulleys in
U a finger. Note the A2 and A4 pulleys are the
largest and critically located among all pulleys.
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IV Problems with Flexor Tendon Repair

The A3 pulley, functionally less insignificant than the A2 or
A4 pulley, is located palmar to the PIP joint. However, surgeons
should consider a broader A4 pulley or add a slip of recon-
structed pulley over the PIP joint, which helps minimize tendon
bowstringing at the PIP joint.

11.3 Recommended Solution to
the Problem

The pulley should be reconstructed together with placement
of a Hunter rod; this is a standard approach for such a com-
plex case. The pulley reconstructed over the Hunter rod will
not develop adhesions between the pulley and the rod. It is not
proper to perform a pulley reconstruction over a frayed tendon
during tenolysis, because adhesions will recur, and early active
finger flexion disrupts the reconstructed pulley.

At the time of single-stage tendon grafting, the pulleys can
also be reconstructed, but the author prefers to do tendon graft-
ing with pulley reconstruction when only one pulley needs to
be reconstructed and adhesions are confined. If both A2 and A4
pulleys need to be reconstructed, the scar is usually extensive.
A Hunter rod should be placed first to stimulate pseudo-sheath
formation. In a finger with extensive scarring, one-stage tendon
grafting combined with pulley reconstruction does not yield a
movable finger, and outcomes would be disappointing. A staged
tendon reconstruction would be preferable to a single-stage
tendon grafting for a finger with extensive scarring.

11.4 Technique

The surgery was performed under branchial plexus anesthesia
and tourniquet control.

11.4.1 Steps for the Procedure: Stage 1

1. Frayed FDP tendon is resected.
2. The distal A2 pulley is preserved.

3. Adhesions are cleaned and flexor digitorum superficia-
lis (FDS) tendon slips are excised.

4. A Hunter rod is inserted under the A2 pulley and
connected.

5. A segment of the FDP tendon is used as a graft to
reconstruct the A4 pulley.

6. The graft is anchored to the remnants of the pulleys.

7. Suture strength is confirmed.

11.4.2 Stage 1 Surgery

An extended Bruner incision made from the fingertip to the
mid-palm was used to extend the previous surgical incisions.
The frayed FDP tendon was found buried in the scar (> Fig. 11.3)
and was resected over the entire finger length. A short
stump (0.5 cm) of the FDP tendon was kept at its insertion.

The A2 pulley was found collapsed and partially embed-
ded in the adhesions. The distal A2 pulley was excised, but the
proximal part was found intact, with dense fibers that could
be freed from the adhesions. The proximal A2 pulley was thus
preserved. Adhesions were thoroughly cleaned and FDS tendon
slips were excised. Since the A1 pulley was intact, that pulley
was kept as well.

After we placed trail rods confirming the size of the rod
to be used, the Hunter rod was then inserted under the pre-
served part of the A2 pulley, and the distal end of the rod was
connected to the residual part of the FDP tendon at the inser-
tion site. A segment (2 cm) of the excised FDP tendon that had
smooth surfaces was used as a graft for pulley reconstruction.
The tendon segment was lassoed from the A4 pulley to the dis-
tal A2 pulley in the middle and the proximal phalanges. This
tendon segment was firmly anchored to the rim of the residual
A4 pulley and periosteum with a number of interrupted sutures
with 3-0 Ethilon (> Fig. 11.4).

We confirmed that sutures of the reconstructed pulley to the
residual parts of the A4 pulley and periosteum were secure. We
also confirmed that the new pulley was not too tight for the
gliding of the Hunter rod, through passively moving the finger
from full extension to semiflexion. It is not usually necessary
to check the gliding of the Hunter rod up to full passive flexion

Fig. 11.3 Placement of the Hunter rod to the index finger after
excision of adhesions and scar. (This image is provided courtesy of
Jin Bo Tang, MD.)

Fig. 11.4 Reconstruction of the A4 and A3 pulleys together with a
segment of the excised flexor digitorum profundus tendon. The ten-
don segment was securely sutured to the remnants of pulleys and
periosteum. (This image is provided courtesy of |in Bo Tang, MD.)
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Fig. 11.5 In stage 2 surgery, the Hunter rod was replaced with a
palmaris longus tendon graft.

of the finger. The proximal end of the Hunter rod was left free,
rather than being sutured to the end of the FDP tendon in the
palm. The skin was closed.

Postoperative Care after Stage 1 Surgery

The wrist was held in semiflexion and the metacarpophalan-
geal joint flexed for 40 degrees in a dorsal splint extending to
the middle of the forearm for only 3 weeks. Passive finger flex-
ion and active extension were performed starting the first week
after surgery.

The stage 2 surgery was performed 3 months after stage 1.

11.4.3 Stage 2 Surgery

The stage 2 surgery was performed 3 months after stage 1
surgery.

11.4.4 Steps for the Procedure: Stage 2

1. The palmaris longus tendon is harvested.

The palmaris longus tendon graft is connected to the
Hunter rod.

The Hunter rod is pulled out.

The graft is laid.

The graft is sutured to the FDP tendon stump distally.
The graft and tendon are connected proximally with a
suture after setting the finger in semiflexion.

N

oUW

For the stage 2 surgery, a palmaris longus tendon was har-
vested. Only a distal incision in the fingertip and an incision
in the palm were made to expose the distal junction of the
Hunter rod. Then a proximal incision of about 3 cm was made
in the palm to expose the proximal end of the Hunter rod. The
palmaris longus tendon graft was connected with the prox-
imal end of the Hunter rod at the palm. Through the distal
incision, the Hunter rod was pulled out (>Fig. 11.5) and the
entire graft was laid inside the new sheath from the palm to
the distal fingertip.
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Fig. 11.6 The distal tendon junction method: direct reinforced
suture repair. (This image is provided courtesy of |in Bo Tang, MD.)

The graft tendon was directly sutured to the residual part of
the FDP tendon and any soft tissues around that site with mul-
tiple reinforced sutures with 4-0 Ethilon (»Fig. 11.6), which
is currently the author’s routine method. The author does not
pull the suture out through the nail of the finger. In the inci-
sion in the palm, a Pulvertaft weave suture was used to connect
the graft with the FDP tendon end after setting the finger in
semiflexion.

Postoperative Care after Stage 2 Surgery

The wrist was held in semiflexion and the metacarpophalangeal
joint flexed for 40 degrees in a dorsal splint. Early active digital
flexion to two-thirds of the total motion was initiated 5 days
after surgery, progressing to full range of active digital flexion
4 weeks after the surgery. The splint was discarded at the end of
week 6. The postoperative care is similar to conventional one-
stage tendon grafting, but the author usually starts active fin-
ger motion about 5 days to 1 week after surgery so the tendon
can glide early. There is little risk of repair rupture after tendon
grafting as both ends of the graft are repaired with strong repair
methods, which are very secure during early motion exercise.

11.5 Postoperative Photographs
and Critical Evaluation of Results

The patient had good recovery of active finger motion of the
right index finger after the above staged surgeries with pulley
reconstruction (> Fig. 11.7). No bowstringing was found during
follow-up.

11.6 Teaching Points

» Two pulleys should be reconstructed if both A2 and A4 pul-
leys are damaged.

« If the scar is extensive, the best way is to reconstruct a pulley
is over a Hunter rod. If the scar is limited, one pulley can be
reconstructed over a tendon autograft.
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Fig. 11.7 Functional recovery after two stages of surgeries; no
tendon bowstringing is noted. (This image is provided courtesy of
Jin Bo Tang, MD.)

FDS slip

* Always use a long graft and place the proximal junction in
the mid-palm. It is incorrect to do a short graft or to place the
proximal junction of the graft with the FDP tendon at the dis-
tal palm (that is still in zone 2, and adhesions easily occur).
Sutures in the reconstructed pulley should be secure. The
author prefers a tendon graft wrapping over the Hunter rod
with secure sutures to the residual A2 or A4 pulleys. Other
methods that the author used are shown in »Fig. 11.8. The
residual part of the A4 pulley is often difficult to find or
confirm. In that case, the periosteum should be used for
anchoring as well.

The author does not use pullout sutures for the distal junc-
tion and has found that strong direct suture is sufficient.
Postoperative rehabilitation is the same as after primary
tendon repair, except that after stage 1 surgery, only passive
finger motion is possible. A pulley ring should be used to
protect the reconstructed pulley during rehabilitation after
pulley reconstruction.

Fig. 11.8 Three other methods of pulley
reconstructions. (a) flexor digitorum super-
ficialis tendon slip, (b) tendon grafts around
the phalanges, and (c) tendon graft anchoring
to the remnants of the A2 pulley.

b grafted tendon

grafted extensor
retinaculum

FDS slip

button

C A2 pulley reminant
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12 Ruptured Flexor Pollicis Longus Tendon

Florian Neubrech and Michael Sauerbier

12.1 Patient History Leading to
the Specific Problem

A 49-year-old man presented with missing active flexion of the
interphalangeal joint of the left thumb. Three months ago, the
patient sustained a palmar cutting injury at the distal proximal
phalanx with a hunting knife. A repair of the flexor pollicis lon-
gus tendon in T1 zone (Verdan) was performed in an outside
department for hand surgery. The patient reported that after
splinting for 6 weeks there was no return of active movement
of the interphalangeal joint.

12.2 Anatomic Description of the
Patient’s Current Status

The flexor pollicis longus tendon not only provides active flex-
ion of the interphalangeal joint of the thumb but also stabilizes
the joint together with the antagonistic extensor pollicis longus
tendon (> Fig. 12.1). After chronic rupture, drag of the exten-
sor pollicis tendon outweighs and hyperextension of the joint,
often together with painful osteoarthritis in the long term,
may result. A feeling of instability of the thumb is common.
Furthermore, active flexion of the interphalangeal joint of the
thumb is essential for a precise pinch grip. Hence, tendon repair

Flexor digitorum ' 'Flexor
superficialis, digitorum
radial head Flexor profundus
Pronator digitorum Flexor
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should be preferred instead of arthrodesis or tenodesis of the
interphalangeal joint.

In patients with chronic rupture or re-rupture, the proximal
part of the tendon retracts and extensive scaring of the tendon
stump, slide bearing, and tendon pulleys occurs (> Fig. 12.2).
As aresult, simple secondary suture of the tendon is only possi-
ble in very rare cases after a few weeks.

'

Fig. 12.2 The proximal stump of flexor pollicis longus tendon (white
arrow) was retracted up to the carpal tunnel and flipped over. There
was extensive scaring. The tendon pulleys were lost.

Supinator Fig. 12.1 Anatomy example. (Reproduced
from Schuenke M, Schulte E, Schumacher U.
THIEME Atlas of Anatomy. General Anatomy
and Musculoskeletal System. Illustrations

by Voll M and Wesker K. 2nd ed. New York:

Abductor Thieme Medical Publishers; 2016)
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Extensor
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12.3 Recommended Solution to
the Problem

A secondary suture of the shortened and adhered tendon
stumps may not be possible after a couple of weeks, but there
are several therapeutic options. First, the slide bearing of the
tendon must be inspected. If it is destructed, the best option
is to insert a silicon rod first that is sutured to the distal stump
and lays loose in the carpal tunnel with its rounded end. After
8 weeks of passive motion under the guidance of a physical
therapist, a neoformation of the tendon channel can be seen.
This should provide adequate tendon gliding, and tendon graft-
ing can be performed. In the presented case, there was a suf-
ficient tendon route for a single-stage procedure. Established
techniques for the replacement of the flexor pollicis longus ten-
don are the transfer of the flexor digitorum superficialis tendon
of the ring finger or the interposition of the palmaris longus
tendon if there is no atrophy of the muscle motor. Of course,
the availability of the palmaris longus tendon has to be checked
preoperatively. In the presented case, the use of a functional
tendon was rejected by the patient; therefore, the interposition
technique was used.

Force transmission of the flexor tendons requires intact ten-
don pulleys. In several positions, they are indispensable. For
sufficient active flexion of the thumb, the Y pulley or the A1 and
the A2 pulleys in combination are necessary. In the presented
case, a pulley in the Y position was reconstructed. In two-stage
cases, the pulley reconstruction should always be performed in
the first stage.

Secondary flexor tendon reconstruction is challenging
and comes along with a protracted subsequent treatment.
Physiotherapy and occupational therapy are necessary for
several months. Some patients withdraw these expenses.
Arthrodesis of the interphalangeal joint of the thumb and ten-
odesis of the distal tendon stump connecting it to the distal
tendon pulley are alternative options that can be considered in
low-demand patients.

12.3.1 Recommended Solution to the
Problem

* Inspection of the tendon route with decision for single- or
two-stage tendon reconstruction.

« Interposition of the palmaris longus tendon between proxi-
mal and distal tendon stumps.
* Reconstruction of a flexor tendon pulley.

12.4 Technique

Operation is performed under regional or general anesthesia
with use of a tourniquet with 300 mm HG in a bloodless field.
The use of magnifying loupes is mandatory.

A Bruner-type incision is performed; an arteriolysis and a
neurolysis of both neurovascular bundles follow. The tendon
stumps are identified and tenolysed, and the vital ends are
resected sparely. It is usually required to open the carpal tunnel
to find the proximal tendon stump. In these cases, a neurolysis
of the median nerve is part of the operation. Parts of the flexor
retinaculum or of the palmar aponeurosis can be used for recon-
struction of a tendon pulley as well as the palmaris longus ten-
don. The palmaris longus tendon is harvested through an extra
incision just proximal of the distal wrist crease using a tendon
stripper. It is of utmost importance to distinguish the tendon
from the median nerve first. The graft is interposed in the
Pulvertaft technique using resorbable sutures. In the presented
case, PDS 3-0 (Ethicon, Somerville, New Jersey, United States)
was used. Care should be taken that the reconstructed tendon
has the appropriate extend of pretension. The thumb should
be just a little bit more in flexion compared to its neutral posi-
tion. It has to be ensured that the interphalangeal joint can be
extended fully in the neutral position of the wrist (> Fig. 12.3).

A diversity of techniques is described for tendon pulley
reconstruction. In this case, a strip of the palmar aponeurosis
was sutured to remaining parts of the Y pulley with PDS 3-0
sutures. Postoperatively, a dorsal forearm splint is used in mild
flexion of the wrist and the thumb. Dynamic treatment starts
on the second postoperative day. Additionally, a protection of
the reconstructed flexor pulley using a Velcro textile ring is nec-
essary. Full load is not allowed for 12 weeks postoperatively.

12.4.1 Steps for the Procedure

1. Bruner-type incision.

2. Arteriolysis and neurolysis of both neurovascular
bundles.

3. Identification and debridement of both tendon stumps.

Fig. 12.3 (a-c) The flexor pollicis longus tendon was reconstructed using a palmaris longus graft in the Pulvertaft technique. Y-pulley was
reconstructed with a strip of the palmar aponeurosis. Carpal tunnel release was required to find the proximal stump of the tendon. Note the

correct extent of pretension of the reconstructed tendon.
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Fig. 12.4 (a-c) Functional results 18 months after secondary reconstruction of flexor pollicis longus tendon of the left thumb by interposition
of a palmaris longus graft with additional flexor tendon pulley reconstruction.

Carpal tunnel release.

Harvest of the palmaris longus tendon.

Interposition of the graft using the Pulvertaft technique.
Reconstruction of a tendon pulley.

N o vk

12.5 Postoperative Photographs
and Critical Evaluation of Results

A clinical follow-up after 18 months was feasible. Hand func-
tion in daily life was unrestricted. The patient was able to
work (office job) and rediscover his manual hobbies and inter-
ests (hunting and handicraft work). Active range of thumb
motion was nearly equal sided. There was no “bowstring phe-
nomenon” under load. Fist closure was unlimited. » Fig. 12.4
demonstrates excellent functional results.

12.6 Teaching Points

* The flexor pollicis longus tendon facilitates active move-
ment of the interphalangeal joint of the thumb. After loss,
a chronic hyperextension of the joint with instability often
occurs.

* In closed, secondary or chronic tendon rupture, the surgeon
should not consider finding the tendon stumps ready for
direct suture.

« Treatment options are tendon grafting, tendon transfer,
two-stage tendon reconstruction using a silicon rod in the
first stage, and tenodesis or arthrodesis under exceptional
circumstances.

* Only an anatomic routing of the tendon enables its correct
functioning.

* The surgeon should be prepared for reconstruction of the
flexor tendon pulleys not only in secondary reconstruction
but also in primary repair.

« Correct pretension of the tendon is essential in secondary
reconstruction.
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13 Extensor Lag

Douglas P. Hanel and Nicholas P. lannuzzi

13.1 Patient History Leading to
the Specific Problem

A 23-year-old man presents with extensor lag of his index finger
approximately 10 weeks after primary repair of the extensor
indicis proprius and extensor digitorum communis to the index
finger. The patient initially sustained an injury to the dorsum
of the hand while using a grinding apparatus (> Fig. 13.1). The

Fig. 13.1 Upon initial presentation, the patient demonstrated a
laceration overlying the second metacarpal with a long zone of
injury including approximately 3 cm of the extensor indicis proprius
and extensor digitorum communis to the index finger.

wound demonstrated some mild contamination and tendon
ends that were somewhat ragged with a relatively long zone
of injury. A repair was effected using a combination of Krakow
and horizontal mattress sutures. Following repair of the exten-
sor tendon and closure of the skin, a forearm-based splint was
placed with the index through small fingers in extension. At
10 weeks, and despite regular hand therapy, the patient was
noted to have an extensor lag of approximately 30 degrees at
the metacarpophalangeal (MCP) joint in addition to extrinsic
stiffness of the index finger, preventing flexion of the proximal
interphalangeal (PIP) joint beyond approximately 10 degrees
with the MCP fully flexed (> Fig. 13.2).

13.2 Anatomic Description of the
Patient’s Current Status

The patient’s dorsal soft tissues are healed without excessive
edema, inflammation, or immature scar (> Fig. 13.3). The scar
demonstrates some hypertrophy as well as firmness at the mid-
dle of its length consistent with adhesions. Individually, the
joints of the index finger and the wrist may be taken through a
nearly full passive range of motion. Actively, the patient is able to
extend the proximal and distal interphalangeal joints fully but is
unable to extend the digits beyond 30 degrees at the MCP joint
with the wrist positioned in neutral. Extension at the MCP joint
improves to 5 degrees short of full with the wrist in approxi-
mately 40 degrees of flexion. There is palpable contraction of the
extensor muscles within the forearm, and at the level of the scar,
the skin demonstrates tethering between the extensor tendon
and the skin with attempt at passive flexion of the finger.

Fig. 13.2 (a) At follow-up at 10 weeks, the patient demonstrates an extensor lag at the metacarpophalangeal (MCP) joint of approximately 30
degrees upon attempted extension. (b) In addition to the extensor lag, there is extrinsic tightness of the proximal interphalangeal (PIP) joint
with inability to flex the PIP joint beyond approximately 10 degrees with the MCP fully flexed.
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Fig. 13.3 At 10 weeks, the prior incision is well healed. There is
some evidence of hypertrophy of the scar. The surrounding tissues
are without significant edema or signs of inflammation.

13.3 Recommended Solution to
the Problem

One should first realize that supervised hand therapy can mini-
mize extensor lag after extensor tendon repair. Appropriate ther-
apy provides limited motion to minimize adhesion formation
while preventing gapping at the repair site. If adhesions do form
and formal hand therapy is unable to improve active motion for
a period of approximately 12 weeks, tenolysis may be considered.
Examination of the patient is critical to determining the presence
of tendinous adhesions within the digits, hand, wrist, or forearm.
Adhesions ultimately limit tendon excursion, and total active range
of motion of the involved portion of the extremity is decreased.
Passive range of motion may be nearly normal.

Other causes of extensor lag should also be ruled out.
Flexor tendon adhesions, associated fracture shortening,
bow stringing of extensor tendons over the wrist, or sagittal
band rupture may also cause extensor lag. Once other causes
of extensor lag have been ruled out and adhesions have been
localized, tenolysis may be performed. Use of local anesthesia
and wide-awake surgery allows the surgeon to verify intra-
operatively that all adhesions have been addressed and that
active motion has been restored. Following tenolysis, meticu-
lous hemostasis may limit postoperative swelling and inflam-
mation, which facilitates early motion of the digits and helps
prevent further adhesions. The patient should begin formal
hand therapy no more than 1 week following surgery to pre-
vent recurrence of adhesions.

13.3.1 Recommended Solution to the
Problem

 Adhesions between the tendons and surrounding soft tissues
require tenolysis to improve active motion if therapy fails.

* Physical examination will help localize the likely area of
adhesions.
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« Ideally, surgery should be performed using wide-awake, local
anesthesia to allow the patient to demonstrate active motion
of the involved tendons to confirm improvement intraoper-
atively.

* Obtaining meticulous hemostasis following repair can help
minimize edema and inflammation, which may help prevent
further adhesions.

» Though it is difficult to prevent extensor lag entirely, appro-
priate hand therapy reduces adhesions and prevents gapping
of tendon repairs, minimizing the chance of extensor lag
after tendon repair.

13.4 Technique

The patient is taken to the operating theater and placed into a
supine position using a hand table. Surgery can be performed
under local anesthetic to allow the patient to participate in
an examination during and after the tenolysis. Anesthetic
with epinephrine can be used to minimize bleeding in lieu
of using a tourniquet. If a tourniquet is used, the procedure
should be performed expediently to permit an evaluation
prior to development of tourniquet-associated paralysis. An
incision is made over the dorsum of the digits, hand, wrist, or
forearm, in line with the tendons to be dissected. If multiple
tendons are involved, the skin and subcutaneous tissues can
be elevated radially and ulnarly over the dorsum of the wrist.
The tendons should be identified proximal and distal to the
area of adhesions to ensure that the tendons are dissected
in their entirety from the surrounding tissue and intraten-
dinous dissection is prevented. The extensor retinaculum
over the wrist and the sagittal bands must be preserved to
prevent bow stringing of the tendons or lag associated with
sagittal band rupture.

In our case, once the tenolysis was complete, an area of
attenuated tendon was noted where the repair appeared to
have gapped. This was imbricated using a combination of
figure-of-eight and horizontal mattress sutures (> Fig. 13.4).

Once the tendons are freed from the surrounding tissue, the
patient is asked to actively range the digits and wrist in order
to confirm that the tenolysis is complete (»Fig. 13.5). After
active motion of the affected digits has been restored, attention
is turned to obtaining excellent hemostasis within the wound
bed. Closure is then performed and a sterile dressing is applied
along with a splint with the digits in a resting position. The
splint and dressings should be removed within a week to per-
mit hand therapy with a focus on active motion and prevention
of further adhesions.

13.4.1 Steps for the Procedure

1. Anincision is made over the suspected site of adhesions.

2. The tendon is dissected from surrounding tissues begin-
ning proximal and distal to the affected area to prevent
intratendinous dissection, which can lead to tendon
rupture.
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Fig. 13.4 (a) Tendons to the index finger have been freed from surrounding tissue and overlying skin. At the site of the freer elevator, there is
an area of attenuated tendon where the tendon repair appears to have gapped somewhat. (b) The tissues at the site of attenuation were imbri-
cated and sutured together with a combination of figure-of-eight and horizontal mattress sutures.

Fig. 13.5 (a) Following tenolysis of the tendon from surrounding tissues, the finger is able to achieve near full composite grip with the wrist in
neutral (b) as well as full extension with the wrist extended.

3. If performed under wide-awake anesthesia, the patient
may actively range the digits and hand to demonstrate
adequate tenolysis.

4. The postoperative result is shown.

13.5 Postoperative Photographs
and Critical Evaluation of Results

If extensor lag is appropriately diagnosed and extrinsic
causes such as sagittal band rupture, bony shortening, and
bowstringing of tendons are ruled out, then performing a
tenolysis for extensor tendon lag should improve motion of
the affected extremity. While obtaining full range of motion
is possible, it is not uncommon for some extensor lag to
remain, though this is often less than what was experienced

prior to tenolysis. Fetrow documented his results of tenoly-
sis in eight patients treated for extensor lag of the fingers
following primary extensor tendon repair and reported an
improvement in the extensor lag from 15 to 45 degrees to
0 to 15 degrees in seven. The remaining patient required
arthrodesis of the distal interphalangeal joint due to inad-
equate tendon quality to permit tenolysis. In another group,
Creighton and Steichen evaluated 25 patients who sustained
metacarpal and phalangeal fractures and developed extensor
lag. In patients requiring only a tenolysis to improve active
motion of the digits, extensor lag improved 50%, from 16 to 8
degrees on average.

In our patient, at the time of surgery, we were able to
obtain full extension of the digits with the wrist in full exten-
sion as well as good composite grip, as noted in > Fig. 13.6 and
the »Video 13.1.
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13 Extensor Lag

Fig. 13.6 (a, b) Patient shown at 12 weeks following surgery. Active flexion has improved. Lack of adherence to hand therapy has resulted in
recurrence of his extensor lag. Flexion of the digit has improved after tenolysis.

13.6 Teaching Points

« Therapy following extensor tendon repair or reconstruction
may limit or prevent adhesions.

 Determination of the cause and site of extensor lag is key to
adequate treatment.

* Tenolysis should be performed under wide-awake anesthesia
if possible to help confirm adequate release of adhesions.

* Begin tenolysis proximal and distal to site of adhesions to
prevent intratendinous dissection.

» Meticulous hemostasis may limit inflammation and swelling,
which can slow postoperative therapy.

» Hand therapy should begin within 1 week following surgery
to prevent recurrence of adhesions.
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14 Stiffness in the Extensor Tendon

Kai Megerle

14.1 Patient History Leading to
the Specific Problem

A 44-year-old male patient presents with a stiff left index finger.
He had suffered an injury with a circular saw about 3 months
earlier. The middle slip of the extensor tendon of the finger had
been avulsed together with some bone fragments. The frag-
ment had been reattached and the extensor tendon as well as
the surface of the proximal interphalangeal (PIP) joint had been
reconstructed (»Fig. 14.1). Despite extensive postoperative
physical therapy, range of motion was severely reduced in the
proximal interphalangeal (PIP) and distal interphalangeal (DIP)
joints, respectively (> Fig. 14.2).

l W .'

14.2 Anatomic Description of the
Patient’s Current Status

Stiffness of finger joints is one of the most common complica-
tions after any type of injury or surgery of the hand. Detailed
knowledge of tendon and joint anatomy and a thorough anal-
ysis of the individual situation are mandatory to develop a
treatment plan for any patient presenting with stiffness of the
fingers.

There are many reasons for limited flexion of the PIP joint
such as edema, lack of or contractures of the overlying skin,
adhesions of the extensor tendons to skin or bone, contrac-
ture or adhesions of the palmar plate, and incongruence of the

Fig. 14.1 (a, b) Preoperative X-ray studies immediately after injury. Notice the boutonniere deformity after detachment of the central slip. (c,
d) X-ray studies 12 weeks after the initial injury. The central slip was reattached and the joint surface was reconstructed.

Fig. 14.2 (a) Clinical findings after the initial procedure with bony healing but stiffness of proximal interphalangeal joint in extension contrac-
ture. (b) Test for intrinsic tightness. Range of motion does not change with the metacarpophalangeal joint held in flexion, indicating the lack of
intrinsic tightness.
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joint surfaces or mechanical blocks such as exostoses. Most of
the times, combinations of these will be present; therefore,
it is often very hard to determine the full extent of a possible
operative procedure beforehand. While alterations of the bony
structure can easily be detected by common X-ray studies, soft
tissues must be assessed by clinical examination. At times, it
can be even quite difficult to determine whether the pathology
is located on the flexor or extensor side of the finger, or both.

Most importantly, active and passive ranges of motion of the
PIP joint must be examined in different positions of the meta-
carpophalangeal (MCP) joint. Range of motion was determined
as 0/25/35 degrees for the PIP joint according to the neutral-0
method for both, active and passive movements. There was no
substantial movement of the DIP joint. Because the patient had
suffered an injury to the extension side of the finger and demon-
strated similar active and passive range of motion, adherence of
the extensor tendon and possible extension contracture of the
PIP joint were the most probable causes of the limited range of
motion. Since the injury involved both substantial soft-tissue
trauma and fractures of the middle phalanx, broad adhesions
of the extensor tendon with the overlying skin and underlying
bone had developed. Range of motion for the PIP joint was inde-
pendent of the position of the MCP joint, indicating the lack of
intrinsic tightness (> Fig. 14.2).

Correct timing of secondary surgery on stiff fingers is of
utmost importance. Rather than relying on rigid time frames,
one should make sure that a number of requirements are
met before attempting revision surgery. There must be ade-
quate soft-tissue coverage allowing for the preparation of
well-perfused flaps above tendons and joint surfaces. Swelling
must be gone and scars should be supple. Splinting, physical
therapy, and other conservative therapy options should have
been exhausted and the patient should have reached a pla-
teau of range of motion with no further improvement. These
requirements are usually not met before 3 to 6 months after
surgery. Furthermore, the patient must be aware of and willing
to perform extensive postoperative physical therapy for several
weeks after the operation. It has been indicated that surgery
after a delay of a year or more will lead to less favorable results,
possibly because of more rigid joint contractures.

Wide-awake or WALANT (wide-awake local anesthesia, no
tourniquet) surgery describes an operative technique in which
anesthesia is achieved only by lidocaine and epinephrine.
Patients are able to move their fingers throughout the proce-
dure and do not have to endure a tourniquet. This form of sur-
gery is ideal especially for tenolysis, because the success of the
procedure is immediately visible to both surgeon and patient.

14.3 Recommended Solution to
the Problem

* WALANT surgery to intraoperatively check for active range of
motion.

« Separation of adhesions between the central slip and both
overlying skin and underlying bone.

* Possibly arthrolysis of the PIP joint.
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14.4 Technique

See »Video 14.1.

Approximately 30 minutes before the operation, an appro-
priate amount of tumescent local anesthetic is adminis-
tered (> Fig. 14.3). Usually, we prefer a mix of 1% lidocaine with
1:100,000 or 1:200,000 epinephrine injected directly into the
presumed operative field. A combination of nerve blocks and
direct infiltration may be used. It is important to estimate the
maximum extent of surgery beforehand, because vasoconstric-
tion takes about 30 minutes to properly set in. You can always
numb up additional regions during surgery, but most of the
time there won’t be sufficient vasoconstriction and surgery
can become exceedingly difficult in regions such as the palm
of the hand because of diffuse bleeding. If possible, additional
sedation should be avoided to ensure a fully cooperative patient
during tenolysis. The patient is then placed in a supine position
and prepped appropriately.

The skin is incised and skin flaps are created by dissec-
tion in the plane between the tendon or peritendineum and
subcutaneous tissues (> Fig. 14.4a). It is important to stay
in the correct plane, because otherwise either skin viabil-
ity will be compromised or the tendon is weakened or dam-
aged. The integrity of the tendon is assessed and cautiously
protected as well as its insertion at the middle phalanx. In a
similar fashion, the tendon is separated from the underlying
bone (»>Fig. 14.4b). After freeing the tendon proximal to the
PIP joint, the tendon is assessed and, if necessary, released dis-
tal to central slip insertion (> Fig. 14.4c). Dissection should be
continued until all adhesions around the extensor tendon are
released. Passive range of motion is assessed. If the PIP joint is
contract, stepwise release of the PIP joint must be performed.
The extensor tendon is elevated and the dorsal joint capsule
and collateral ligaments are exposed. The first step is to incise
the dorsal joint capsule. If easy flexion of the PIP joint is still
not possible, both accessory collateral ligaments are care-
fully incised in a dorsal-to-palmar fashion, until easy passive

Fig. 14.3 Injection of solution for WALANT (wide-awake local
anesthesia, no tourniquet) surgery.
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Fig. 14.4 (a) Separation of tendon and skin. (b) Separation of tendon and bone. (c) Release distal to the central slip. (d) Intraoperative

active motion.

flexion is achieved. The patient is then asked to actively flex the
joint (> Fig. 14.4d). In this way, minor adhesions that still limit
function can be ruptured. At the end of the procedure, active
and passive flexion should be as close to full range of motion
as possible. Sometimes, patients will have difficulties moving
a numb finger without visual control. If possible, the drapes
should be lowered and the resulting range of motion demon-
strated to the patient. Most of the time, the patient will be very
impressed. We strongly encourage demonstrating the results
to the patient, because it helps motivate postoperative therapy.
The skin is closed with narrow interrupted sutures and range
of motion is finally assessed one more time before putting a
light bandage on. The patient is encouraged to move the joint
right away.

14.5 Postoperative Photographs
and Critical Evaluation of Results

At 8 weeks postoperatively, the patient obtained an active range
of motion of 0/5/60 degrees for the PIP joint and was satisfied
with this result (> Fig. 14.5).

Stiff fingers are often difficult problems and tenolyses of
finger tendons can be very frustrating endeavors. Most of the
time, long-term range of motion is improved, but the intra-
operative result is not preserved. This is due to postoperative
edema and subsequent scarring of the tendon and joints,

Fig. 14.5 Result after 8 weeks.

despite all postoperative efforts. With improper postoperative
therapy, there is a risk that patients may even lose function
after the procedure. Immediate, high-intensity postoperative
hand therapy is key to preserve as much motion as possible
after arthrolysis and tenolysis. During the early postoperative
phase, continuous axillary nerve blocks may be helpful for
pain control.

In patients with impaired finger perfusion, arthrodesis or
even amputation instead of tenolysis may be warranted.

Postoperative stiffness can be reduced by early motion pro-
tocols. Active and passive motion exercises should be started as
early as possible.
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14.6 Teaching Points

« Early mobilization after tendon injuries or fractures may
reduce or prevent postoperative stiffness.

« All conservative treatment measures should be exhausted
before revision surgery.

« Correct timing of tenolysis is essential; special attention
should be paid to the surrounding soft tissues.

 The exact cause of stiffness and full extent of the procedure
may be hard to estimate preoperatively.

* WALANT surgery is ideal for tenolysis.

« Intensive postoperative hand therapy is mandatory; during
the early postoperative phase, continuous nerve blocks may
be helpful for pain control.

* Procedures may be technically demanding and long-term
results may be disappointing for both the patient and the
surgeon.
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15 Relative Motion Treatment of Chronic Boutonniere

Deformity

Wyndell H. Merritt

15.1 Patient History Leading to
the Specific Problem

A 48-year-old woman had a 6-month fixed flexion contracture
of her middle digit that was swollen, painful, and had lost flex-
ion in both interphalangeal (IP) joints as well as extension of
her proximal interphalangeal (PIP) joint following a jam-type
injury in a fall. She explained it had been diagnosed initially as
an “occult fracture” and then as a “volar plate injury” that was
“unresponsive to hand therapy.” She complained about discom-
fort and loss of motion.

15.2 Anatomic Description of the
Patient’s Current Status

The patient was distressed due to chronic pain and swelling
of her PIP joint and had lost flexion in her distal interphalan-
geal (DIP) joint from hyperextension remodeling of her dorsal
capsule, and had also lost some flexion in her PIP joint as well
as extension, with a fixed PIP flexion contracture of -45 degrees
of active extension and -35 degrees of passive extension (“fixed
contracture”) due to volar joint capsule remodeling. A Boyes’
test was distinctly positive. Her Elson’s and modified Elson’s
tests were equivocal because of her decreased motion and fixed
flexion contracture. Her X-ray was normal (> Fig. 15.1).

15.3 Recommended Solution to
the Problem

There are numerous proposed operations for chronic bou-
tonniere deformity, all of which have uncertain, usually poor,
results. This is especially true if the contracture has been pres-
ent for 3 months or more, initially presents with greater than

-30 degrees of active extension, and if the patient is older than
45 years; this patient had all of these characteristics with greater
than 50% probability of a poor surgical result. All patients with
fixed contractures from chronic boutonniere deformity need
serial casting to recover full passive extension when possible
and we believe nonsurgical management techniques should be
attempted.

15.4 Technique

In this patient, we utilized serial casting with progres-
sive forced extension changed twice a week, with minimal
padding (»Fig. 15.2a, b). When -5 degrees was obtained,
improvement plateaued, and relative motion flexion splint-
ing was initiated, with therapy attention directed toward
recovering full PIP flexion and the achieved extension main-
tained in the splint full time while using her hand for nor-
mal functional activities. This is accomplished by placing
the injured digit in 15- to 20-degree greater flexion relative
to the adjacent metacarpophalangeal joints and encourag-
ing active motion and digit functional use (»Fig. 15.2¢c, d).
When she became almost able to touch her palm, she was
encouraged to resume all her normal previous activities in
the splint (> Fig. 15.2e, f).

15.5 Postoperative Photographs
and Critical Evaluation of Results

After 3 months, she maintained her -5 degree PIP extension, and
recovered 90 degrees of PIP flexion, and the splint was discon-
tinued, though she still lacked full DIP flexion (>Fig. 15.3a, b).
At 3 years, her extension is slightly improved, and she now
has full composite flexion. She is pleased with her final result
(»Fig. 15.3c, d).

Fig. 15.1 (a) Progressive fixed boutonniere deformity at 6 months. (b, c) Positive Boyes’ test with resistance to passive flexion of the distal in-
terphalangeal (DIP) joint when the proximal interphalangeal (PIP) joint is maximally extended. DIP easily flexes passively when PIP is flexed (both

DIP and PIP also have decreased flexion passively).
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Fig. 15.2 (a, b) The patient is serially casted to as much passive extension as possible. (c, d) The first month after serial casting, the patient
must recover interphalangeal joint flexion (early after splinting). (e, f) One month after splinting, the patient is encouraged to resume full

activity in the relative motion orthosis.

15.6 Teaching Points

 The best way to avoid chronic boutonniere deformity is to
prevent deformity in the first place with early diagnosis and
treatment using relative motion flexion orthoses.

* Because an extensor hood rupture often does not become
initially apparent, it is imperative to diagnose the suspected
patient with an Elson test, the modified Elson test, or the
Boyes test, and if doubtful, ultrasonic or MRI study can con-
firm whether the problem is boutonniere or a flexor tendon
“pseudo-boutonniere” deformity.

* The chronic boutonniere deformity patient is splinted
with relative motion flexion splints for 3 months in
15 to 20 degrees of relatively greater MP joint flexion. If
the patient cannot be serially casted to less than -30 de-
grees of flexion contracture, surgical release of the lateral
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Fig. 15.3 (a, b) At 6 weeks, the patient has
almost recovered full composite flexion and
has maintained the extension achieved by
casting. (c, d) Final result is full flexion and
-5 degrees of extension at 2 years following
treatment.

bands and volar joint contracture and reconstruction of
the central hood will be necessary, and should be done
under local anesthesia with epinephrine to be sure the
intrinsic-extrinsic balance is restored. We recommend

6 weeks of relative motion flexion splinting to see that it is
maintained. However, the author has not found it neces-
sary to attempt this yet due to results as described in this
patient.

Bibliography

Boyes JH. Bunnell's Surgery of the Hand. 5th ed. Philadelphia, PA: JP Lippincott;
1970:441

Merritt WH. Relative motion splint: active motion after extensor tendon injury and
repair. ] Hand Surg Am 2014;39(6):1187-1194

Steichen ], Strickland J, et al. Results of surgical treatment of chronic boutonniere
deformity: an analysis of prognostic factors. In: Strickland ], Steichen ], eds.
Difficult Problems in Hand Surgery. St. Louis, MO: CV Mosby; 1982:62-69

Al'l use subject to https://ww.ebsco.conitermns-of-use



64

EBSCChost

- printed on 2/11/2023 6:02 PMvia .

16 Management of Chronic Sagittal Band Rupture

Wyndell H. Merritt

16.1 Patient History Leading to
the Specific Problem

This 80-year-old man fell off of his tractor 6 months prior to
examination, with a resultant chronic subluxation of his fifth
digit due to radial sagittal band rupture.

16.2 Anatomic Description of the
Patient’s Current Status

This healthy 80-year-old man had ulnar deviation and inability
to extend his fifth digit unless he relocated it to an extended
position by using his other hand. He was pain free, but found
this embarrassing and functionally awkward (> Fig. 16.1).

16.3 Recommended Solution to
the Problem

The use of relative motion extension splinting for sagittal band
rupture was first described in 2001 and in a series of patients
successfully treated for acute sagittal band rupture in 2005.
Although there are several proposed operations for chronic sag-
ittal band rupture, all recommend immobilization postopera-
tively for 6 to 10 weeks. The morbidity is significantly greater
with immobilization than with early active motion and func-
tion in a relative motion extension splint, placing the repaired
digit in 15 to 20 degrees relatively greater MP extension than
adjacent digits. Although this would likely work for any of the
techniques utilized for chronic sagittal band rupture, we prefer
local anesthesia with epinephrine to verify successful correc-
tion and to confirm the value of the splint to maintain correc-
tion, and we create a tendon graft pulley to avoid relying on the
questionable strength of a repaired or reconstructed sagittal
band. The validity of the splint protection of repair is demon-
strated in a video with only a single 6-0 nylon suture placed

Fig. 16.1 (a, b) Six-month chronic fifth digit sagittal band rupture.

initially to test the result without and then with a ribbon retrac-
tor relative motion extensor splint.

16.4 Technique

Creating a tendon graft pulley attached through bone in the head
of the metacarpal successfully centralizes the long extensor ten-
don and relative motion extension splinting preserves motion
without adherence or rupture. Tendon grafts have been used
successfully for this purpose from the extensor indicis proprius,
juncturae tendinum, extensor retinaculum, palmaris longus, and
one half of the flexor carpi radialis. The author has preferred the
latter two as seeming the easiest, especially the palmaris longus,
when available. Burr holes are made through the dorsal corti-
cal surface of the metacarpal head, and the tendon graft passed
through bone, surrounding the extensor tendon in a centralized
position and secured with a Pulvertaft weave of the tendon graft
and 4-0 Prolene suture. The suture line is then rotated so it is then
within the bone. A few days after surgery, the patient is placed in
a relative motion extension splint and active hand use is encour-
aged. A video illustrates the technique, done under local anes-
thesia, using only an initial 6-0 nylon suture to illustrate force
on the graft, without and with a ribbon retractor relative motion
extensor splint.

16.5 Postoperative Photographs
and Critical Evaluation of Results

We have successfully used nonsurgical relative motion extensor
splinting as late as 6 weeks after closed sagittal band rupture
if the patient is still inflamed and symptomatic while collagen
remodeling is still possible, recovering lost motion and becom-
ing pain free in the splint. The patient is splinted full time
for 6 weeks and encouraged to functionally use their hand.
However, when the patient develops chronic subluxations
without pain or swelling, a surgical solution is necessary.

Al'l use subject to https://ww.ebsco.conitermns-of-use



EBSCChost -

16 Management of Chronic Sagittal Band Rupture

Any of several techniques will likely work equally well with
relative motion extensor splints and have far less morbidity than
with immobilization (> Fig. 16.2). We prefer the security of creat-
ing a tendon graft pulley, because our first patient was an elderly
rheumatoid arthritis patient who had subluxation to either
side of her metacarpophalangeal (MCP) joint, depending on the
direction of her finger, due to steroid injections from misdiag-
nosis (> Fig. 16.3). The tendon graft obviates concern about the

attenuated fragile sagittal band and the splint provides immediate
active motion with functional use, and full range of motion quickly,
usually providing normal range of motion after 6 weeks of splint-
ing (> Fig. 16.4). This has become our favored surgical technique
for this problem, with no failure or ruptures thus far (> Fig. 16.5).
The patient demonstrated normal amplitude of motion with
full flexion and extension at 8 weeks after surgery, as illustrated
in the video.

Fig. 16.3 (a-c) A 75-year-old rheumatoid patient with subluxation in both ulnar and radial directions after sagittal band rupture and steroid

injections.
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Fig. 16.4 (a, b) Drill hole placed in the
metacarpal head and juncturae tendinum graft
used to create a pulley over the tendon.
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Fig. 16.5 (a, b) Range of motion a few days after surgery. (c, d) Final range of motion at 7 weeks.

-I 6.6 Teaching Points o If garly diagno;is and trea_tment is not achieved,.the patient
will need surgical correction to securely centralize the chron-

« Often sagittal band ruptures are misdiagnosed because ically subluxing extensor tendon.
the extensor returns to a centralized position if the patient * Use of relative motion extensor splinting within a few days
avoids flexion, but becomes stiff, usually has some degree after surgery will provide protection for the repair (which-
of angulation with flexion, is tender with palpation on the ever technique) and permit active motion and functional use
ruptured side, and will probably experience immediate pain with the expectation of full range of motion after 6 weeks.
relief in a relative motion extensor splint. Buddy splints, This is preferable for acute, nonsurgical, or later surgical
which are popular, will usually remain painful. management of sagittal band rupture.
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17 Posttraumatic Swan Neck Deformity

Jessica Frankenhoff and Jonathan Isaacs

17.1 Patient History Leading to
the Specific Problem

A 24-year-old right-hand-dominant laborer presented with a
crushing/twisting injury to his dominant hand after he caught
his hand in machinery at a sawmill. Among other joint, bone,
and tendon injuries to multiple digits, he sustained an open,
extra-articular proximal phalanx fracture of the small finger,
which was pinned (> Fig. 17.1). The pins were pulled 3.5 weeks
after the operation, and he began hand therapy. Three months
after the operation, he had developed a swan neck defor-
mity (SND) of the small finger. He could bend the digit actively
but suffered a painful snapping as the extensor mechanism
generated enough tension to force the joint past the fulcrum
point from hyperextension to flexion.

17.2 Anatomic Description of the
Patient’s Current Status

The SND was mostly correctable passively. However, the small
finger could not be passively flexed fully to the distal palmar
crease, indicating some extensor tendon adhesions as well.

Fig. 17.1 Trauma films showing P1 fracture of the small finger.

The finger was neither tender nor swollen. Bunnell’s test was
negative for intrinsic tightness. The proximal interphalangeal
joint (PIPJ) was hyper-extended to 30 degrees and the distal
interphalangeal joint (DIP]) was flexed to 25 to 30 degrees. He
had independent flexor digitorum profundus (FDP) and flexor
digitorum superficialis (FDS) function. The difficulty initiating
flexion of the small finger and the swan neck posture impeded
his grasp and fine motor skills. X-rays indicated a malunion of
the proximal phalanx fracture of about 10 degrees apex dorsal
angulation (> Fig. 17.2). The PIP] and DIP] were congruent and
without arthritis.

17.2.1 Understanding the Problem

To understand the problem, one must determine the etiology
of the SND and then choose the best of the available treatment
options based on the patient’s needs and disabilities.

The term SND refers to a finger with a posture of hyperexten-
sion at the PIP] and concomitant flexion at the DIP]. Although
the appearance of the finger is the same in all instances of SND,
the etiology varies. The functional loss associated with this
deformity is related to the loss of PIP] motion. In some patients,
the deformity has only minor clinical consequences, and it

Fig. 17.2 Films from 3 months post-op showing swan neck de-
formity and malunion.
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is mostly a cosmetic issue. Some may only be bothered by a
mechanical snapping into flexion. For others, it can adversely
affect function, decrease grip strength, and cause pain.

The extensor mechanism is made up of both extrinsic and
intrinsic tendons (> Fig. 17.3). The extrinsic tendons originat-
ing from the extensor digitorum communis (EDC) in the fore-
arm travel over the dorsum of the metacarpophalangeal (MCP)
joints into the digits. Over the proximal phalanx, each EDC ten-
don splits into a central tendon, which inserts onto the base
of the middle phalanx, and two lateral slips, which join with
the lateral bands to form the conjoined tendon just distal to the
PIP]. The conjoined lateral band continues until its insertion
onto the base of the distal phalanx, at which point it is known
as the terminal tendon. The intrinsic extensor mechanism has
contributions from both the lumbricals and the dorsal inter-
ossei. The lumbricals originate from the radial aspect of the

Transverse
retinacular
Interosseous ligament

muscle

corresponding FDP tendons. The deep head of the dorsal inter-
ossei passes superficially to the sagittal band and contributes to
both the transverse fibers of the extensor hood over the middle
aspect of the proximal phalanx (to provide a flexion moment
arm to the MCP joint) and to the medial band of the interos-
seous, which blends with the central slip and helps extend
the PIP]. The transverse retinacular ligaments originate from
the flexor tendon sheath and insert onto the palmar aspect
of the lateral bands to prevent their dorsal subluxation, while
the triangular ligament distally binds the lateral bands into the
conjoined lateral band and prevents the slips from subluxing
palmarly. The extrinsic extension system normally extends the
MCP joint (via the extensor hood volar connections), while the
intrinsic system flexes the MCP joint and extends the PIP] and
DIP]. When both systems work in synergy, the digits have coor-
dinated and controlled extension through all three joints.

Fig. 17.3 (a-c) Extensor tendon anatomy.
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V Problems with Extensor Tendon Repair

SND is caused by an imbalance in this extensor mechanism.
That imbalance originates in one, or sometimes more, of three
areas: (1) extrinsically, at the level of the forearm, wrist, or MCP
joint; (2) intrinsically, from the intrinsic extensor tendon sys-
tem; or (3) at the articular level of the PIPJ or DIPJ themselves.
For example, a wrist or MCP joint flexion contracture increases
extrinsic EDC tension. This increased tension is transmitted to
the base of the middle phalanx via the central slip insertion and
can result in hyperextension of the PIP]. Alternatively, contrac-
ture or spasticity of the intrinsic system can flex the MCP joint
and hyperextend the PIPJ (via the lateral bands) resulting in the
same deformity. A loss of PIP flexion tone from a disruption to
the superficialis tendon (which inserts onto the volar base of
the middle phalanx) can have the same result though by creat-
ing an intrinsic extension/extrinsic flexion force imbalance that
allows the PIPJ to hyperextend. Finally, proximal migration of
the extensor mechanism due to terminal tendon disruption at
the DIP] (mallet finger) can increase extensor force to the cen-
tral slip and hyperextend the PIPJ by yet a different mechanism,
while laxity (or stretching) of the volar plate of the PIPJ can
independently contribute to the SND.

17.2.2 Evaluation

The diagnosis of SND is based just on physical appearance of
the digit and functional complaints. The pathophysiology of the
tendon imbalance, the presence of arthritis in the joints, and
the quality of the soft-tissue envelope and tendency for ten-
don adhesions must all be considered in designing a success-
ful treatment strategy. A history of known disease states (e.g.,
rheumatoid arthritis, cerebral palsy) or trauma (e.g., mallet
deformity, volar plate avulsion fracture) can direct the workup,
and radiographic evaluation of the joints should reveal degen-
erative and posttraumatic joint conditions.

The passive and active range of motion of the wrist, MCP,
and IP joints should be evaluated both with the hand in its
resting posture and with the SND passively corrected. This can
allow the identification of a chronic mallet injury from either
traumatic disruption or gradual attenuation of the terminal
slip insertion. Extrinsic tightness can be assessed by evaluating
changes in extrinsic extensor tendon tension related to wrist
position. Extension of the wrist would allow more finger flexion
in the presence of extrinsic tightness. Intrinsic tightness, on the
other hand, can be determined utilizing the Bunnell test. The
Bunnell test is performed by holding the MCP joint in extension
and then in flexion while actively or passively flexing the PIPJ.
Decreased passive PIP] flexion with the MCP joint in extension
is compatible with intrinsic tightness (lateral bands run volar to
MCP joints and dorsal to the IP joints).

The SND can be classified into one of four types as devised by
Nalebuff and Millender:

* Type I: full range of motion of the joints with no significant
functional limitations.

* Type II: intrinsic tightness as shown by a positive Bunnel test;
the PIP] can be ranged fully with MCP joint held in flexion
only.

« Type III: the PIPJ is stiff both actively and passively irrespec-
tive of the position of the MCP joint.

* Type IV: the same as type III, but with radiographic arthritic
changes at the PIPJ.

17.2.3 Choose the Best of the Available
Treatment Options Based on Patient’s
Needs and Disabilities

Type |

For a type I deformity, only the PIP] hyperextension needs
to be addressed. This can be done by decreasing the amount
of skin volarly with a dermodesis or by creating a mechan-
ical restriction to extension with an FDS sling, an oblique
retinacular ligament (ORL) reconstruction, or a lateral band
rerouting procedure. Excising and closing an ellipse of skin
from the volar aspect of the PIP] is only helpful for very mild
deformity (and can stretch out with time). A stronger restraint
to hyperextension can be achieved using the FDS to create a
restraint sling known as the “sublimis sling.” This was per-
formed on our patient, and is described later under the section
“Technique.” These strategies only address the PIP hyperex-
tension and not the DIP] extension lag. If this appears to be a
persistent problem even with the PIP passively corrected than
one of the following reconstructions can be used. In the ORL
reconstruction, the ulnar lateral band is freed from the exten-
sor mechanism proximally at the level of the MCP joint, passed
volar to Cleland’s ligament and volar to the PIP] axis of rota-
tion, and sutured radially either to the flexor tendon sheath
or passed through the proximal phalanx via a bone tunnel.
Alternatively, a palmaris free graft can be used, sutured to the
terminal tendon, then following the same path as the ulnar
lateral band as described earlier. Finally, one or both lateral
bands are freed from their dorsal attachments, translocated
palmarly, then either sutured to the ipsilateral FDS slip and
volar plate or placed into a flap made in the flexor tendon
sheath at the PIP] level.

Typelll

For a type Il deformity, the same procedures as in type I are
available for the PIP] deformity, but the MCP joint needs to
be addressed as well. Often, this is done with just an intrin-
sic release. However, any MCP joint or wrist disorder that
aggravates the imbalance of the finger such as subluxation or
deviation must be corrected as well.

Type lll

For a type Il deformity, in addition to the intrinsic release,
the PIP] needs to be released. There is often a paucity of skin
dorsally that may need to be addressed. A formal joint release
with transection of the collateral ligaments, volar translocation
of the lateral bands, and possible step-cut lengthening of the
central slip may be necessary. Also, due to the prolonged lack of
range of motion, there may be flexor tendon adhesions, which
need to be freed simultaneously. This approach is obviously
more complex and the results tend to be less predictable.

Type IV

For a type IV deformity, the PIP] needs to be addressed most
commonly with an arthrodesis.
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The Presented Case

Our patient had a type 1 SND, complicated by the proximal
phalanx malunion and extensor tendon adhesions. His big-
gest problems were initiating flexion and keeping his small
finger from catching on objects in its resting swan posture.
Dermodesis was unlikely to be sufficient or lasting in a young
laborer. This left the superficialis sling surgery, the lateral band
translocation procedure, and the ORL reconstruction. The final
option also helps correct DIP flexion deformity. His DIP flexion
deformity was not severe enough to warrant correction espe-
cially in the small finger and because of the crush nature of
his initial injury, there were concerns about the propensity for
adhesions and stiffness with a more complex procedure.

17.3 Technique

The patient was taken to the operating room after administra-
tion of regional anesthesia and placed in the supine position on
the operating table. An upper extremity tourniquet was inflated

to 250 mm Hg. Wide-awake surgery local anesthesia without
tourniquet (WALANT) is also an option and is normally the
author’s preference as it allows for visualization of the range of
motion in real time and allows for any necessary modifications
at the time of surgery. However, this was not possible in this
case due to the necessity of performing several concomitant
procedures.

There are multiple approaches to exposing the flexor ten-
don sheath, and many variations in technique for creating the
sling (e.g., using one or both slips of FDS, securing the tendon
through the A1 or the A2 pulley or to the proximal phalanx).

In this case, a Brunner incision was made from the level of
the A1 pulley to the level the A3 pulley. Skin flaps were created
and held to the side with 4-0 silk retention sutures. A beaver
blade and freer were slid under the extensor mechanism from
both the radial and ulnar sides, freeing the extensor mechanism
from the proximal phalanx where it was adherent in the region
of the fracture. The A3 pulley was then incised, exposing the
distal end of the flexor superficialis tendon toward its inser-
tion at the base of the middle phalanx (> Fig. 17.4a). To make

Fig. 17.4 (a) Venting the A3 pulley. (b) Isolating the flexor digitorum superficialis (FDS) proximal to the A1 pulley. (c) Both slips of the FDS

freed to the level of their insertion. (d) Pulling the FDS slips through the transverse rent in the A2 pulley (white arrow at distal edge of A2
pulley). (e) FDS slip sutured to the edge of the A2 pulley and to itself (white arrow).
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V Problems with Extensor Tendon Repair

sure there were no flexor tendon adhesions, an Allis was placed
around the profundus and superficialis tendons proximal to the
A1 pulley and used to gently twirl the tendons around it. This
simulated active flexion of the tendons. Each was tested inde-
pendently. There was a bit of catching of the profundus and a
freer was placed between the profundus and the bone, releas-
ing the adhesion.

The superficialis was then isolated just proximal to the Al
pulley (> Fig. 17.4b). The slips of the tendon were very small,
so both slips were taken. The tendon ends were pulled proxi-
mally and the chiasm cut. Then, through the opening previously
made in the A3 pulley, both of the tendon ends were pulled
distally (»Fig. 17.4c). The slips of the FDS were then passed
through a small transverse opening made with a beaver blade
in the distal one-third of the A2 pulley. The ends of the tendon
were grasped with a right angle that was then fed underneath
the distal edge of the A2 pulley and popped through the rent
in the pulley in a dorsal to volar direction (> Fig. 17.4, d). The
superficialis was looped back distally, the PIP] pulled down into
20 degrees of flexion and the slip was sutured to itself and to
the distal edge of the A2 pulley with 4-0 Ethibond (> Fig. 17.4e).
The profundus tendon was then located proximally, grasped
with an Allis, and the tendon was twirled again, confirming
good excursion of the profundus tendon. The wounds were
irrigated with normal saline. Interrupted 4-0 nylon suture was
used to approximate the skin edges. A dorsal blocking splint
was placed, preventing hyperextension of the PIP]. The patient
was encouraged to flex the digit actively within the confines of
the splint.

17.3.1 Steps for Superficialis Sling
Procedure

1. Expose flexor tendon sheath.
2. Isolate one or both slips of the FDS either proximal to the
A1 or between the A1 and A2 pulleys.

Fig. 17.5 Cadaver depiction of an oblique ret-
inacular ligament reconstruction. (a) Identify
the ulnar lateral band. (b) Transect the ulnar
lateral band proximally and free to the level

of the distal interphalangeal joint. (c) Pass the
lateral band volar to the flexor tendons at the
level of the proximal interphalangeal joint.

(d) Tension the translocated lateral band and
secure proximally at the level of the proximal
phalanx.

3. Cut one or both slips of the FDS proximally leaving at least
a 5-cm tail.

4, Pull the tendon distally, then from distal to proximal, pop
the tendon slip through the mid to distal one-third of the
A2 pulley with a right angle.

5. Secure the FDS slip back to itself and the edge of the A2
pulley with a 4-0 nonabsorbable stitch, making sure to
keep the PIPJ in 20 to 30 degrees of flexion.

6. Close and place a dorsal blocking splint.

Another alternative to the FDS sling is the ORL reconstruc-
tion. In this procedure, a curvilinear incision is made over
the dorsal aspect of the finger exposing the extensor mecha-
nism from the base of the proximal phalanx to the DIP]. The
ulnar lateral band is identified (> Fig. 17.5a), cut proximally,
and freed to the level of the DIPJ (»Fig. 17.5b). The mobi-
lized band is pulled proximally, extending the DIP], and is
then passed volar to the Cleland ligament just distal to the
PIP] with a large right angle (> Fig. 17.5c). This creates a pull
volar to the axis of rotation of the PIP], thus flexing the PIP].
The band is tensioned to flex the PIP] roughly 30 degrees and
secured to the mid-proximal phalanx through a drill channel
in the phalanx, a suture anchor, or suture fixation to the edge
of the flexor tendon sheath (> Fig. 17.5d). Once healed, active
extension of the PIP] will be restrained by the rerouted lat-
eral band though subsequent tension of this band will simul-
taneously extend the DIPJ.

17.3.2 Steps for Oblique Retinacular
Ligament Reconstruction Procedure

1. Expose the extensor mechanism from P1 to P3.

2. Identify the ulnar lateral band and transect at the level
of P1.

3. Free the lateral band to the level of the DIPJ.
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17 Posttraumatic Swan Neck Deformity

Fig. 17.6 (a, b) Before sublimis sling surgery. (c—e) After sublimis sling surgery.

4. Pass the lateral band volar to Cleland’s ligament from
ulnar to radial just distal to the PIP].

5. Secure the lateral band to the radial side of P1 with the
PIPJ in 30 degrees of flexion.

6. Close and place a dorsal blocking splint.

17.4 Postoperative Photographs
and Critical Evaluation of Results

A goal of hand surgery is to make the patient’s postoperative
function better than their preoperative function. The patient’s
resting posture was better than preoperatively, and his initia-
tion of flexion was no longer problematic (> Fig. 17.6a, b). At
last follow-up, he was quite pleased with his progress. However,
his ultimate flexion never returned to normal and he never
regained as much passive flexion as was demonstrated in the OR
nor active flexion as simulated by pulling on his FDP intraoper-
atively (> Fig. 17.6c-e). His postoperative course was hindered
by his distance from our facility, making therapy follow-up
with our certified hand therapists difficult but validating our
concerns regarding more complex reconstructive options.

17.5 Teaching Points

* Assess if the swan neck is secondary to disease (rheumatoid
or cerebral palsy, etc.) versus a trauma.

* Determine the cause of the SND.

* Remember that other structures other than the obvious
PIP] may be involved (e.g., the MCP joint) and that all
abnormalities must be addressed for an optimal
outcome.

* Keep the joint in flexion postoperatively with a dorsal
blocking splint to protect the repair.
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18 Refractory Raynaud’s Phenomenon

Collier S. Pace, Lauren Hutchinson, and Michael W. Neumeister

18.1 Patient History Leading to
the Specific Problem

A 42-year-old woman presents with severe ischemia to bilat-
eral hands. She has had a long-standing diagnosis of Raynaud’s
disease with no diagnosis of an autoimmune disorder. She
previously had proximal sympathectomies as well as palmer
and digital sympathectomies. The progressive ischemia resulted
in amputation of the thumb, index, and long finger (> Fig. 18.1).
Her current presentation involves severe ischemia to all fin-
gers of the right hand as well as the remaining digits on the
left hand. She was extremely worried about losing the remain-
ing fingers on the left hand as well as digits on the right as this
was her primary hand for daily activities. Proximal sympathetic
blocks did not work and the discussion with the patient hinged
around repeat palmer and digital sympathectomy or Botox (or
onabotulinumtoxinA) injections.

18.2 Anatomic Description of the
Patient’s Current Status

Raynaud’s phenomenon is a painful vasospastic condition of
the digits usually induced by stress or exposure to the cold. The
vasospasm produces a characteristic triphasic color change in
the hands that begins with pallor, cyanosis, and finally hyper-
emia. If prolonged, arterial vasospasm can lead to digital isch-
emia resulting in ulcerations and gangrene.

While the definitive etiology for Raynaud’s phenomenon has
yet to be elucidated, several theories have been proposed. The
majority of the theories are centered around a dysfunctional
local sympathetic nervous system. However, other studies
implicate abnormal platelet function or red blood cell morphol-
ogy or dysregulation of neuropeptides.

18.3 Recommended Solution to
the Problem

Initial treatment of Raynaud’s phenomenon is nonoperative
and characterized by behavior modifications including smok-
ing cessation and reducing cold exposure and stress. In addition
to lifestyle changes, pharmacologic agents directed at altering
the abnormal arterial vascular response seen in Raynaud’s
phenomenon are the primary mainstay for treatment. Calcium
channel blockers are utilized most commonly; however, phos-
phodiesterase-5 inhibitors and endothelin antagonists are also
frequently used. If a patient fails conservative management,
additional interventions should be considered.

Cervical dorsal sympathectomy, digital sympathectomy, and
arterial bypass grafting are all accepted surgical techniques to
treat refractory Raynaud’s phenomenon. However, these inter-
ventions can be associated with significant morbidity and have
varying results.

There continues to be much debate regarding the location
and extent of dissection for digital sympathectomies. Proximal,
or thoracic, sympathectomy has fallen out of favor by most due
to the disappointing long-term results. Sympathectomy is most
effective if performed closer to the location of symptoms, with
a more extensive palmar dissection to improve long-term out-
comes. Extended periarterial sympathectomy, which includes
the adventitia of the ulnar artery, superficial arch, common dig-
ital vessels past their bifurcation, along with the radial artery
as it courses dorsally, improves ischemic pain in 95% of patients
and will allow digital ulcers to completely heal in almost 80%
of cases.

However, surgical sympathectomy may not result in long-
term improvement as well. Also, some patients may be unwill-
ing to undergo surgery. Botox injections are an excellent option
in these situations. While the exact mechanism of action for

Fig. 18.1 (a, b) Patient on presentation. Note the discoloration of distal digits and evidence of ischemic ulceration.
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botulinum toxin has yet to be clarified, a number of clini-
cal studies have demonstrated excellent results. Botox may
work by blocking ectopic sodium channels or specific chronic
pain receptors such as transient receptor potential vanilloid
1 (TRPV-1) or it may work through the sympathetic blockade
or even through modulation of neurotransmitters such as sub-
stance P, calcitonin gene-related peptide, norepinephrine, and
glutamate.

Palmar injection of botulinum toxin type A has been shown
to increase tissue perfusion, significantly reduce or even elim-
inate pain, and result in complete resolution of digital ulcers
with minimal associated morbidity.

Our patient elected to undergo botulinum toxin injection.
Her previous palmar sympathectomies had failed. Botox injec-
tions involve very little downtime, as patients can resume their
normal activities the same day.

18.4 Technique

This procedure can be performed in the office. A wrist block
should be performed prior to the procedure to eliminate the
pain and burning sensation associated with the onabotu-
linumtoxinA injection (»Fig. 18.2). One hundred units of

Fig. 18.2 Injection technique for Botox. (Adapted from Neumeister
MW. Botulinum toxin type A in the treatment of Raynaud’s
phenomenon. | Hand Surg Am 2010;35(12):2085-2092.)

onabotulinumtoxinA is reconstituted with 20 mL of injectable,
preservative-free normal saline, resulting in a final concentra-
tion of 5 U/mL. The 20 mL is divided between both hands with
2 mL or 10 U per each neurovascular bundle. The patient’s volar
hands are cleansed with alcohol wipes over the planned injec-
tion areas. Under aseptic technique, 2 mL is injected just proxi-
mal to the A1 pulley for each neurovascular bundle.

18.5 Postoperative Photographs
and Critical Evaluation of Results

The patient noted improved warmth, decreased pain, and bet-
ter range of motion of her fingers (> Fig. 18.3). A laser perfusion
scan demonstrated the increased blood flow to the left hand as
a result of the Botox injection (> Fig. 18.4). The patient remains
symptom free 4 years out from the Botox injections.

Available clinical data demonstrate that Botox injection
improves ischemic pain in greater than 75% of patients, and
the majority go on to heal digital ulcerations within 3 months.
While many patients experience a dramatic improvement in
their symptoms, 20 to 45% require additional injections and
some simply do not benefit from this modality. Further research
will help clarify patient selection for surgical or chemical sym-
pathectomy, and allow us to better understand this challenging
disease process.

18.6 Teaching Points

* Side effects are minimal and include pain with injection,
anhydrosis, and temporary intrinsic muscle weakness.

* Local anesthetic application in the form of wrist block for the
median and ulnar nerves prior to the onabotulinumtoxinA
injection can eliminate pain associated with the multiple
injections.

* Injections should be carefully placed at the bifurcation of the
common digital nerves and vessels just proximal to the A1l
pulley with the goal of bathing the neurovascular bundle.

» Make sure to aspirate before injection to ensure needle loca-
tion is not intravascular.

* Pain relief can occur as quickly as 5 minutes but often takes
several days or weeks.

Fig. 18.3 (a, b) Preoperative compared to postoperative photographs. Note the improved and uniform digit coloration postoperatively, along
with healing of digital ulceration of the small finger.
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19 A Practical Approach to Recurrent Carpal Tunnel

Syndrome

Robert C. Russell and Franziska Huettner

19.1 Patient History Leading to
the Specific Problem

A 37-year-old man had a left carpal tunnel release 6 years ago.
The symptoms of numbness and tingling improved but never
completely resolved after the surgery. Over the past 6 months,
the symptoms had become more pronounced to the point
where they now interfered with the activities of daily living.
Repeat nerve conduction study (NCS)/electromyogram (EMG)
revealed severe median nerve compression neuropathy at the
carpal tunnel.

19.2 Anatomic Description of the
Patient’s Current Status

Carpal tunnel release is the most frequent surgical proce-
dure performed by hand surgeons around the world. The
prevalence of carpal tunnel syndrome in the United States
is estimated to be up to 3.72% with approximately 500,000
releases performed annually. The majority of patients do
well after surgery without complications or recurrent
symptoms. Major complications such as permanent injury
to branches of the median nerve are rare (0.01-0.12%), as
is injury to the nerve proper (0.06%). A small percentage
of patients (usually less than 3%, and also as high as 20%),
however, experience persistent or develop recurrent symp-
toms after release. Despite the small number of patients
who require reoperation, the surgeon is faced with the
dilemma of deciding which patients may benefit from
re-exploration of the median nerve at the wrist, the timing of
reoperation, and exactly what to do differently to adequately
release the nerve and/or prevent another recurrence.

There appears to be a number of reasons for recurrent symp-
toms at re-exploration. Some patients had what appeared to
be an intact or reformed transverse carpal ligament, which
required division a second time. Persistent symptoms in these
patients may have been caused by either incomplete release of
the flexor retinaculum or the antebrachial fascia. More often,
the median nerve was encased in thick extraneural scar, which
appeared to cause compression and/or prevented gliding of the
nerve during finger and wrist motion or appeared to decrease
the nerve’s blood supply within the carpal tunnel. In a few
patients, the nerve was found to course outside the carpal canal
and was lying in a superficial position directly under the skin.
Pressure from a knife or tool handle could easily produce nerve
symptoms in such patients.

The patients who develop recurrent symptoms are a more
difficult problem. The author usually tries to manage them with
hand therapy modalities, including massage, nerve desensitiza-
tion, active and passive range of motion exercises, neural glides,
Kinesio tape, deep heat, etc., for some time before agreeing to
re-explore a compressed or irritable nerve. It is generally bet-
ter to wait for at least 6 to 8 months after the original release
and attempt therapy measures before agreeing to re-explore a
symptomatic patient.

In general, simple decompression and external neurolysis
alone is not favored for revision surgery due to inferior out-
comes. One should not expect a better outcome by using the
same operative approach for a second time, or as Dr. L. Vasconez
would say: “If plan A doesn’t work, don’t make plan B the same
as plan A.” A wide range of options used for revision surgery
have been described. They include, but are not limited to, the
use of a vascularized hypothenar fad pad flap; muscle flaps, like
the palmaris brevis turnover flap, the pronator quadratus mus-
cle flap, or abductor digiti minimi muscle flap; a radial artery
perforator fascial flap, a tenosynovial flap, vein wrapping, and
even the use of omentum as free flap. There are advantages and
disadvantages to each of these options.

19.3 Recommended Solution to
the Problem

The author’s preferred choice for patients with difficult recur-
rent carpal tunnel syndrome or with a scarred nerve with
pale segments after tourniquet release is to wrap the nerve in
well-vascularized adipofascial flap harvested as a distally based
ulnar artery perforator flap from the volar wrist.
This flap has several advantages:

* Use of the previous incision.
« Extension of the incision into forearm, instead of more visible

palmar hand.
* No sacrifice of a hand muscle.
« Little risk of injury to the palmar cutaneous branch.
* A reliable blood supply.
* No additional remote donor site.
* No use of microscope.
* Technically feasible without need for a specialty center.

19.4 Technique

The transverse carpal ligament is incised, and, as in primary
releases, a 1- to 2-mm segment of the ligament is excised
(»Fig. 19.1a). Nerves encased in thick scar are freed by sharply
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19 A Practical Approach to Recurrent Carpal Tunnel Syndrome

excising the scar under magnification with a scalpel. The canal
of Guyon is opened if not previously done. The ulnar artery fat/
fascial perforator flap is dissected by extending the palmar car-
pal tunnel incision proximally in a zigzag or an S-shaped incision
over the ulnar artery. The skin is elevated at a level just below
the deep dermis, and a fat and fascial flap of approximately 2 x
4 cm is outlined over the ulnar artery. Beginning in the middle
of the distal forearm, the fat and deep muscle fascia is incised
and carefully elevated toward the ulnar artery. The ulnar side
of the flap is similarly elevated radially toward the artery. In
some larger flaps, the dorsal branch of the ulnar nerve should
be identified in the proximal portion of the dissection and pre-
served. The fat/fascial flap is then elevated from proximal to
distal toward the distal wrist crease, preserving the most distal
perforating vessel from the ulnar artery, which arises approxi-
mately 1 to 1.5 cm proximal to the pisiform bone (> Fig. 19.1b).
The flap is dissected under tourniquet control, which is released
prior to turning the flap over on the nerve in the carpal tun-
nel. Occasionally, some subcutaneous fat, synovium, or palmar
fascia may be excised to provide adequate space for the trans-
posed flap (> Fig. 19.1c), permitting a loose palmar skin closure,
again over a 19-G butterfly drain. The flap places vascularized
soft tissue around the nerve and has prevented further recur-
rences in our patients. Occasionally, the donor site incision skin
edges have experienced delayed wound healing, but none have
required reoperation.

A small drain is left in place for the first 3 to 5 days post-op.
A butterfly needle can be used where the needle end is inserted
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Fig. 19.1 (a) The old carpal tunnel scar is
excised and the incision extended proximally
over the flexor carpi ulnaris. (b) The skin edges
are elevated in a subdermal plane. The fascia/
fat flap is elevated from proximal to distal pre-
serving the most distal ulnar artery perforator.
(c) The flap is turned over and around the
median nerve providing vascularized soft-tis-
sue coverage.

into a red rubber top blood collection tube. The patient has the
wrist splinted for 10 to 14 days. Therapy is thereafter initiated
for range exercises.

19.4.1 Steps for the Procedure

. Rerelease and reposition of median nerve with neurolysis.
. Ulnar artery fat/fascial perforator flap.

. Drain x24 hours.

. Splint in wrist extension for 5 days.

AW N =

19.5 Postoperative Photographs
and Critical Evaluation of Results

The patient had complete resolution of the carpal tunnel symp-
toms. At 6 months, there was no evidence of recurrence. The
scars and range of motion are documented in > Fig. 19.2.

19.6 Teaching Points

* The procedure is performed through the previous scar and
extended proximally just radial to the flexor carpi ulnaris
tendon.

* All scar tissues are removed within the carpal tunnel.

* The adipofascial flap is elevated based on a perforator from
the ulnar artery.
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Fig. 19.2 (a-d) The patient has full finger and wrist flexion and extension without nerve symptoms.

* The flap is designed proximal enough to reach the distal end
of the carpal tunnel.

* The pivot point of the flap is just proximal to the feeding
perforator.

« The flap is inset without tension.
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20 Recurrent Carpal Tunnel Syndrome

Chye Yew Ng and Michael J. Hayton

20.1 Patient History Leading to
the Specific Problem

A 55-year-old woman who suffers from type 2 diabetes mel-
litus underwent a left carpal tunnel release (CTR) under local
anesthesia 3 years previously. Postoperatively, she enjoyed
6 months of complete relief of paresthesia and the nocturnal
symptoms in her hand. Since then, the tingling sensation has
gradually recurred. She then underwent repeat nerve conduc-
tion studies, which showed slowing of conduction velocities
across the wrist although still marginally better than the pre-
operative values. This was considered a true recurrent carpal
tunnel syndrome (CTS) given the defined period of resolution
of the initial symptoms.

20.2 Anatomic Description of the
Patient’s Current Status

The patient has a well-healed open carpal tunnel scar. She has
reduced sensation in the radial three digits. Thenar eminence
has preserved muscle bulk and abductor pollicis brevis power
is medical research council grade 5. Tinel’s and Phalen’s signs
are positive. By asking the patient to flex and extend the fin-
gers and wrist repetitively, shooting tingling sensation into the
radial three digits could be reproduced. This implies tethering
and restricted excursion of the median nerve. This clinical find-
ing has been named “traction Tinel sign.” In addition, she com-
plains of subjective digital stiffness, which is not a symptom
often volunteered by patients and we believe it should be spe-
cifically enquired in such cases. Chronic diabetic patients are
known to develop diabetic cheiroarthropathy with the classic
moon shape to the hand and digits. However, one should also
consider the possibility of scarring surrounding the flexor ten-
dons and tenosynovitis in revision situation as a contributory
cause to the digital stiffness and recurrent CTS. In this patient,
the potential of background diabetic neuropathy contributing
to some of her symptoms needs to be acknowledged.

Following division, the transverse carpal ligament (TCL)
heals in a more convex shape within 6 weeks. As a result, there
is anterior displacement of the carpal contents (~3.5 mm) and
an increase of the carpal canal volume (~24%). The common-
est cause of persistent symptoms following CTR is believed to
be due to incomplete release of the TCL. Recurrent CTS is often
attributed to circumferential fibrosis around the median nerve.
New symptoms, particularly worsening pain or neurological
deficit, may imply iatrogenic injury to the nerve.

20.3 Recommended Solution to
the Problem

Accurate clinical assessment remains the key in approaching
the problem. First and foremost, the diagnosis of CTS needs to
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be confirmed. More proximal causes of neural compression,
such as cervical radiculopathy and pronator syndrome need
excluding. Systemic conditions (such as diabetes mellitus and
alcoholism) that could be confounding factors need record-
ing. Establish if the CTS is persistent, recurrent, or a new phe-
nomenon. Patients with suspected iatrogenic injury should
be explored urgently. The other patients may benefit from a
period of hand therapy. Occasionally, steroid injection could
help in indeterminate cases, but the response should not be
taken as absolute indication or contraindication to further sur-
gery. Patients who do not respond to conservative measures are
offered revision surgery.

During revision surgery, a methodical approach should be
adopted. The median nerve is carefully explored from proximal
to distal in the carpal tunnel. An external neurolysis + epineu-
rotomy of the median nerve is then performed. Internal neu-
rolysis is not recommended, as it tends to lead to more neural
scarring. Flexor tenosynovectomy has not been shown to offer
additional benefit in primary CTR, but can improve digital stiff-
ness in revision cases. In addition, it would also debulk the
carpal canal contents creating space for any secondary nerve
coverage procedure.

Multiple nerve wrapping options have been described,
which can be grouped under autologous tissues or synthetic
materials. The need for such intervention is yet to be supported
by a prospective randomized controlled trial. However, when
faced with a heavily scarred median nerve during revision sit-
uations, it would seem logical to devise a strategy to prevent
further recurrence after neurolysis. Hypothenar fat pad flap is
our preferred option due to its local availability and provision of
vascularized tissue coverage.

20.3.1 Recommended Solution to the
Problem

* Perform a thorough decompression and external neurolysis
of the median nerve, followed by flexor tenosynovectomy.
* Options of nerve wrapping for autologous tissues are:
- Hypothenar fat pad flap.
- Synovial flap.
- Muscle flap.
- Fascial flap.
- Vein wrapping.
* Options for synthetic wraps (commercially available) are:
- Type I collagen.
- Submucosal extracellular matrix.

20.4 Technique

The procedure is performed under a regional or general anes-
thesia, with loupe magnification. The healed scar is utilized
and extended proximally (>Fig. 20.1a). The median nerve is
first identified within normal tissues at the distal forearm by
releasing the antebrachial fascia. Dissection then proceeds in a
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Fig. 20.1 (a) Incision is marked over the existing scar (and extended proximally and distally). (b) The transverse carpal ligament is divided
revealing extensive scarring. (c) The appearance after median nerve neurolysis and flexor tenosynovectomy. Note the focal constriction and

ischemia of the median nerve.

proximal-to-distal direction. The reconstituted TCL is divided
under direct vision (> Fig. 20.1b). If there is extensive scarring,
the median nerve may be separately explored in the palm and
dissected in a distal-to-proximal direction until the nerve is
fully released. Beware of the nerve of Berrettini and the super-
ficial palmar arterial arch, which are at risk of being injured at
the distal margin of the carpal tunnel. Any extrinsic scar on
the median nerve is excised. The use of microscope is recom-
mended for challenging neurolysis. If appropriate, a flexor teno-
synovectomy is performed (> Fig. 20.1c).

20.4.1 Hypothenar Fat Pad Flap

Through the proximal incision (which is angled in an ulnar
direction) at the distal forearm, the ulnar artery and nerve
are identified just before they enter Guyon’s canal. The volar
carpal ligament is released, which will facilitate subsequent
mobilization of the hypothenar fat pad flap. The flap is raised
by sharp subcutaneous dissection from the ulnar border of
the carpal tunnel incision. Superficial dissection starts from
beneath the subdermal plexus and continues ulnar to the
dermal attachment of palmaris brevis. Potential pitfall of
the distal margin dissection is injury to the digital nerves to
the ring and small fingers. Care is also taken to ensure that
the overlying skin is not excessively thinned. Deep dissec-
tion then proceeds to elevate the flap from the remnant of the
ulnar leaf of the TCL until the ulnar neurovascular bundle is
encountered (> Fig. 20.2a). The ulnar leaf of the TCL is excised

to allow greater reach of the flap (> Fig. 20.2b). The flap is inset
with three mattress sutures to the radial wall of the carpal tun-
nel (> Fig. 20.2c). Care is taken to ensure that the flexor pollicis
longus tendon and median nerve have not been inadvertently
sutured to the flap. The wound is closed with interrupted sutures
and the wrist is splinted for 10 days postoperatively (> Fig. 20.2d).

20.4.2 Steps for the Procedure

1. Explore the median nerve from normal to scarred tissues.

2. Perform external neurolysis + epineurotomy of the
median nerve.

3. Perform flexor tenosynovectomy.

4. Identify the ulnar neurovascular bundle and decompress
Guyon’s canal.

5. Raise the hypothenar fat pad flap through the superficial
and deep dissections, while the delicate perforators from
the ulnar artery are preserved.

6. The flap is inset and the wound is closed.

20.5 Postoperative Photographs
and Critical Evaluation of Results

Postoperatively, digital exercises commence immediately.
The volar slab is kept for 10 days for pain relief and also
to allow the wound to settle down. After this time, simple
range of motion exercises of the wrist are performed under
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Fig. 20.2 (a) The flap has been raised and the ulnar leaf of the transverse carpal ligament (TCL) is isolated (held by the forceps). (b) The
ulnar leaf of the TCL has been excised, allowing greater mobility of the flap (which is held by the pair of forceps). (c) Inset of flap to the radial
wall of the carpal tunnel, taking particular care not to suture flexor pollicis longus and the median nerve. (d) Closure of the wound with

interrupted sutures.

Fig. 20.3 Fingers flexion at 4 weeks postoperatively.

the supervision of the hand therapist. The appearance of the
wound at 4 weeks is shown in »Fig. 20.3. In the early post-
operative period, the patient reported resolution of pares-
thesia, akin to the experience following a successful primary
CTR. The subjective sensibility returned to virtually normal
over several weeks. She also noticed significant ease in the
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digital motion. The improvements were maintained at 1-year
review.

Another case example of revision CTR (she also under-
went index finger A1 pulley release concurrently) is included
here with final appearance at 16 months postoperatively
(»Fig. 20.4).

20.6 Teaching Points

* The surgical aim of the CTR should be complete division of
the TCL (including the most distal antebrachial fascia), with-
out causing any iatrogenic injury.

» When faced with a failed CTR, establish if it represents a
persistent, recurrent, or new issue.

* Clinical assessment remains the key in approaching the
problem, with neurophysiology providing supplementary
information.

* During revision CTR, perform a meticulous exploration and
external neurolysis of the median nerve.

* Flexor tenosynovectomy is recommended as it could improve
digital stiffness and reduce the carpal canal contents.

* Devise a strategy to prevent further scarring around the
median nerve.

* The hypothenar fat pad flap is our preferred option.

85
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Fig. 20.4 (a) Following division of the reconstituted transverse carpel ligament (TCL), extensive scarring around the median nerve and the flex-
or tendons were shown. (b) Following external neurolysis of the median nerve and flexor tenosynovectomy. Note the hourglass constriction of
the median nerve. (c) Hypothenar fat pad flap is raised. (d) After inset of the flap, a MacDonald dissector is passed under the flap to ensure that
there is no secondary compression on the median nerve. (e) The wound is closed. (f) Appearance at 16 months postoperatively.
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21 Failed Carpal Tunnel Release: Recognizing the

Lacertus Syndrome

Elisabet Hagert and Catherine Curtin

21.1 Patient History Leading to
the Specific Problem

A 45-year-old right-handed woman presented with bilateral
numbness within her median innervated areas of both hands.
She had been diagnosed with bilateral carpal tunnel syn-
drome (CTS) a year prior to the visit, with positive nerve con-
duction studies and clinical examinations indicating CTS of a
moderate degree on her right side and lesser degree on her left
side. She subsequently underwent endoscopic carpal tunnel
release (ECTR) of her right hand. Postoperatively, she has expe-
rienced a reduction in the nocturnal paresthesias of her right
hand, but 9 months after ECTR she still complains of numbness
at the tips of her thumb, index, and long fingers. She holds an
office job, and also owns horses and works frequently in the sta-
bles. In addition to her persistent numbness, she complains of
right hand weakness and lack of endurance, both while working
at the computer and during everyday chores and manual work.
She still has occasional nocturnal paresthesias in her left hand.
She has no history of diabetes or thyroid disease, she is normo-
tensive, not obese, and a nonsmoker.

Since the failure rate of surgical CTS is approximately 10 to
20%, it is important to ask the following questions when investi-
gating a patient with residual median nerve problems:

» Was the surgery done correctly (complete/incomplete
release)?

* Was the diagnosis correct?

» Was the nerve healthy enough to recover from surgery?

21.2 Anatomic Description of the
Patient's Current Status

21.2.1 General Appearance

The right hand is examined with a small transverse scar at the
level of the volar wrist crease (> Fig. 21.1). The scar is pale, has
healed uneventfully, and without hyperesthesia or hyperkera-
tosis. There is no sweating of the skin in the palm of the hand,
nor hyperemia and thus no suspected pain syndrome. There is
no visible swelling over the carpal tunnel or visible wasting of
the thenar muscles.

21.2.2 Clinical Examination

When testing the patient for possible residual CTS, Tinel's test
was negative over her right and operated carpal tunnel, and
positive over her nonoperated left carpal tunnel. Similarly,
Phalen’s and Durkan’s tests were negative on her right, oper-
ated, side but positive on her left.
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Using manual muscle testing to screen for proximal
median nerve involvement, she was found to be weak when
testing her right flexor carpi radialis (FCR), flexor polli-
cis longus (FPL), and flexor digitorum communis II (FDP II;
»Video 21.1).

Scratch collapse test (SCT) was found to be positive over the
median nerve at the level of the right lacertus fibrosus (LF),
with pain upon compression at the same level (> Video 21.1).

The findings of (1) weakness of proximal median nerve
innervated muscles, (2) positive SCT, and (3) pain over the
median nerve at the level of the LF indicate that the patient is
suffering from a proximal median nerve entrapment, so-called
lacertus syndrome.

21.2.3 Ultrasound Examination

Ultrasound (US) is a valuable tool to investigate the potentially
failed (or untreated) CTS. Using a transverse view and a nerve
examination program, the median nerve can be readily identi-
fied proximal to the volar wrist crease.

The patient had a normal median nerve US appearance on
the operated right side, with a slightly elliptical nerve without
hyperechogenicity (> Fig. 21.2a). Contrarily, on her left side,
where she has clinical symptoms of CTS, the median nerve
was found to be enlarged in diameter and cross-sectional
area, as well as hyperechogenic, indicating endoneurial
edema (> Fig. 21.2b).

—~

Fig. 21.1 General appearance of the hand. Arrow points to the scar
from the endoscopic carpal tunnel release.
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21.3 Recommended Solution to
the Problem

It is important to recognize that median nerve entrapment
proximal to the carpal tunnel is generally not found using nerve
conduction studies or electromyography. Double-crush syn-
drome is also an important factor to recognize chronic nerve
compression syndromes, and any patient presenting with
a “classic” CTS may also have more proximal median nerve
involvement (>Fig. 21.3). This patient would have benefited
from a more thorough clinical examination before her first

Fig. 21.2 (a) Transverse ultrasound view of
the carpal tunnel, showing the median nerve
with a normal appearance and a diameter of
0.52 cm. (b) Ultrasound appearance in the
same patient, symptomatic carpal tunnel. Note
the hyperechogenicity of the median nerve as
well as increased diameter, 0.63 cm.

Fig. 21.3 Anatomy of proximal median nerve

an entrapment of the median nerve occurs
at the level of the lacertus fibrosus, resulting
in weakness in the flexor carpi radials, flexor
pollicis longs and the deep flexor of the index
finger. During surgery, the lacertus should

be completely transected. (b) In the event

of a concomitant superficialis syndrome, the
median nerve is additionally compressed at
the arch of the flexor digitorum superficialis
(FDS) with resulting weakness in the FDS IV
and sometimes paresthesias in the median
nerve distribution in the hand. In this instance,
a release of the FDS arch also needs to be
completed during surgery.

BTl [ entrapments. (a) In the lacertus syndrome,

ECTR to rule out a proximal entrapment as cause and/or con-
tributor of her median nerve symptoms.

21.3.1 Recommended Solution to the
Problem

» Patients with early signs of lacertus syndrome may benefit
from a local cortisone injection at the proximal edge of the LF.

* In addition to cortisone, a regime of nerve gliding exercises
and evaluation of work ergonomics may be part of a conser-
vative treatment strategy.
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« In patients with distinct weakness in the FCR-FPL-FDP II
(with or without sensory symptoms), a release of the LF is
indicated.

» Surgical treatment of the lacertus syndrome is generally
done in wide-awake anesthesia, to allow for perioperative
control of muscle strength following the proximal median
nerve release.

21.4 Technique

The surgery is scheduled as an outpatient case and generally
performed using a wide-awake technique. Some patients prefer
an addition of sedation, but general anesthesia is rarely needed.

About 20 to 30 minutes preoperatively, the patient is anes-
thetized using 20 to 30 mL 1% lidocaine (10 mg/mL) with
epinephrine (5 pg/mL), buffered with 2- to 3-mL sodium
bicarbonate (50 mg/mL) solution to neutralize the pH of the
lidocaine.

Using a 27-G needle, the anesthesia is slowly infiltrated from
the medial elbow crease and obliquely over the area of the LF,
about 4 cm distal and central to the elbow crease (> Fig. 21.4).

The skin incision is placed transversely in the volar medial
elbow crease to give good postoperative aesthetics. A 2- to 3-cm
transverse incision is placed in the flexion crease, from 1 to
2 cm medial of the biceps tendon to 2 cm lateral of the medial
epicondyle (> Fig. 21.5a). Careful dissection is made subcutane-
ously so that the medial antebrachial cutaneous nerve can be
identified and protected, before reaching the pronator teres (PT)
fascia (> Fig. 21.5b). The PT fascia is incised and the PT retracted
slightly medially. The LF is readily identified laterally and cen-
trally (> Fig. 21.5¢). Lift the proximal edge of the LF to make

sure the underlying neurovascular bundle is not injured while
dividing the LF completely (> Fig. 21.5d). The median nerve can
then be identified underneath the split lacertus (> Fig. 21.5e),
at times within the muscle belly of the PT. At this point, the
strength of the FPL and FDP II is again tested intraoperatively
before the skin is closed, as return of muscle strength is usually
immediate after proper release of the nerve (Video 21.2).

After adequate hemostasis, the wound is closed with intra-
dermal 4-0 monocryl sutures, the incision covered with sur-
gical strips, a small soft dressing applied, and immediate

Fig. 21.4 Infiltration anesthesia with lidocaine-epinephrine on the
volar aspect of the elbow, showing the pallor of the skin where
the epinephrine effect is evident. (BT, biceps tendon; ME, medial
epicondyle.)

Fig. 21.5 (a) Transverse skin incision in the ulnar volar elbow crease. (b) Blunt dissection to the pronator teres fascia that is incised to allow
retraction of the pronator teres muscle belly medially. (c) The thick lacertus fibrosus (LF) is seen in the lateral aspect of the wound. (d) Lift the
proximal edge of the LF to make sure the underlying neurovascular bundle is not injured while dividing the LF completely. (e) Following release
of the LF, the median nerve is clearly seen (scissors pointing to nerve).

printed on 2/11/2023 6:02 PMvia .

Al'l use subject to https://ww.ebsco.conitermns-of-use

89



90

VII Problems with Compression Neuropathy

Fig. 21.6 The incision at 1 week post-op. The patient is allowed to
wash and instructed to tape the wound for healing and aesthetics.

mobilization is encouraged. Patients with no manual labor
return to work within 1 to 2 days postoperatively, but are
encouraged to abstain from lifting more than 1 kg for the first
2 weeks as well as avoid physical exercise. Heavier lifting and
manual work are allowed after 4 weeks.

21.5 Postoperative Photographs
and Critical Evaluation of Results

One of the advantages of doing the lacertus release in
wide-awake anesthesia is the possibility to test the return of
strength in the FPL and FDP II as soon as the release is complete
(»Video 21.2). Since the majority of chronic nerve compression
cause changes in neural circulation and saltatory conduction,
rather than actual axonal damage, return of strength and/or
elimination of paresthesias will be evident as soon as the cause
of the nerve compression is eliminated.

If the patient is sedated during surgery, it is advised to check
the return of strength at the first postoperative follow-up. At
this time, the SCT can be rechecked. If the median nerve has
been adequately released, the patient will have good return of
strength as well as a negative SCT over the median nerve at the
elbow (> Video 21.3).

Although power is often back on the table, patients with a
long duration of symptoms and/or pronounced weakness pre-
operatively may experience that restoration of endurance takes

several months. During this time, it is common to experience
periods of soreness in the volar forearm muscles.

The scar will generally heal with pleasing aesthetics over
time (> Fig. 21.6). Some patients will have a hard scar and swell-
ing for about 6 to 8 weeks postoperatively due to the character-
istics of the skin in the volar elbow crease.

21.6 Teaching Points

* Always test the strength of the FPL, FDP II, and FCR in pa-
tients presenting with CTS to screen for possible lacertus
syndrome.

» When testing the strength in the FPL and FDP I, isolate the

interphalangeal and distal interphalangeal II joints while

testing and flex the wrist to avoid compensatory tenodesis
effect that may occur with wrist extension.

Perform the scratch-collapse test first on the healthy side to

see the effect on the patient, before performing the test over

the entrapped nerve. Also, in patients with median nerve
symptoms, always test the SCT over both the carpal tunnel
and the LF.

Entrapment may also occur at the level of the superficialis

arcade. In these patients, the FCR strength will be

normal, but weakness will be evident in the FPL,

FDP II, and FDS IV.

In the case of lacertus syndrome, expect nerve conduction

studies and electromyography tests to be negative.
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22 Cubital Tunnel Release at the Elbow

Steven T. Lanier and Jason H. Ko

22.1 Patient History Leading to
the Specific Problem

The patient is a 44-year-old right-hand dominant woman who
presented with a 12-month history of paresthesias and numb-
ness in the ring and small fingers of the left hand. She also
noticed some clumsiness in her left hand and reported drop-
ping objects occasionally over the past 3 months. She had tried
conservative measures, including activity modifications, non-
steroidal anti-inflammatory drugs (NSAIDs), and elbow braces
at night, with no appreciable improvement.

On examination, the patient’s symptoms were reproduced
by holding the elbow in flexion for 1 minute, and Tinel’s signs
were elicited over the cubital tunnel both proximal and distal to
the medial epicondyle. No intrinsic wasting was apparent, and
abduction strength of the first dorsal interosseous muscle was
symmetric to the unaffected hand. Froment’s sign was negative,
and static 2-point discrimination was 5/7 mm in the ring finger
and 9/9 mm in the small finger. Strength of the flexor digitorum
profundus (FDP) to the ring and small fingers and flexor carpi
ulnaris (FCU) were 5/5, and there was diminished sensation to
light touch on the dorsal-ulnar aspect of her hand. No ulnar
nerve subluxation was appreciated with passive flexion and
extension of the elbow.

Based on these findings, a diagnosis of cubital tunnel syn-
drome was made, which was confirmed with electrodiagnostic
testing. Although we consider cubital tunnel syndrome a primar-
ily clinical diagnosis, we routinely obtain either electrodiagnostic
testing or ultrasound studies to confirm the diagnosis. Results of
electrodiagnostic studies can frequently be negative in sympto-
matic patients, particularly those with less chronic compressive
symptoms for which dynamic ischemia occurs, but there has not
been extensive demyelination or axonal loss. Electrodiagnostic
testing is especially helpful for patients with an atypical pres-
entation and equivocal diagnosis, or those patients with a history
of known cervical pathology that may be contributing to a dou-
ble-crush phenomenon. While these patients may still benefit
from cubital tunnel release, knowledge of cervical compression
helps set expectations and referral for management of cervical
pathology. Ultrasound provides the additional benefit of assess-
ing static and dynamic views of the ulnar nerve within the cubi-
tal tunnel in elbow extension versus flexion.

We discussed treatment options with the patient, including
continued conservative measures and close follow-up or surgi-
cal decompression, and the patient opted for surgery, as she felt
the symptoms significantly affected her quality of life.

22.2 Anatomic Description of the
Patient’s Current Status

The patient had no external stigmata of injury over the course of
the ulnar nerve and no appreciable wasting of ulnar-innervated
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musculature. On clinical examination, there was no apprecia-
ble ulnar nerve instability or subluxation out of the epicondylar
groove. However, based on the patient’s clinical examination,
we could deduce that the ulnar nerve was being compressed
within the cubital tunnel, especially when the elbow was flexed.

The anatomic borders of the cubital tunnel are the medial
condyle anteriorly, epicondylar groove of the ulna and medial
collateral ligament of the elbow on the deep surface of the nerve,
the olecranon posteriorly, and a roof consisting of aponeurotic
fascia connecting the humeral head of the FCU muscle, which
arises from the medial epicondyle anterior to the nerve, and
the ulnar head of the FCU, which arises from the olecranon and
dorsal-ulnar border posterior to the nerve. The proximal fibers
of this aponeurotic connection between the two heads of the
FCU is known as Osborne’s ligament, while more distally into
the proximal forearm this aponeurosis is known as the arcu-
ate ligament. Proximal to the elbow, the arcade of Struthers is
a fascial band spanning from the medial intermuscular septum
anterior to the nerve to the fascia of the medial head of the tri-
ceps muscle posterior to the nerve. The arcade of Struthers is
located approximately 6 to 8 cm proximal to the medial epicon-
dyle. An additional potential cause of ulnar nerve compression
is the anconeus epitrochlearis (> Fig. 22.1), a congenital acces-
sory muscle spanning the medial epicondyle to the olecranon
that is present in approximately 34% of the population.

22.3 Recommended Solution to
the Problem

For patients presenting with early signs of compression and no
motor weakness, conservative measures can be attempted ini-
tially for a period of at least 3 months. These efforts are directed
primarily at avoiding excessive flexion of the elbow that elicits
symptoms, as the area inside the cubital tunnel decreases up
to 50% with elbow flexion, while pressure within the cubital

Fig. 22.1 Anconeus epitrochlearis identified over the ulnar nerve.
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tunnel increases. This includes orthotics for elbow extension at
night and modification of workplace activities to avoid acute
flexion of the elbow at rest. Positional modification can be sup-
plemented with NSAIDs. However, corticosteroid injection into
the cubital tunnel has not been proven to be efficacious. Surgery
is indicated if conservative measures fail, if the patient’s symp-
toms have a significant negative impact on work and leisure
activities, or if there is evidence of intrinsic muscle weakness
indicating a more severe compression neuropathy.

When surgical intervention is indicated, our preferred solu-
tion to cubital tunnel syndrome is a minimally invasive in situ
release of the ulnar nerve in the cubital tunnel. Advantages of in
situ decompression compared to more invasive methods include
reduced risk of iatrogenic nerve injury or transient devasculari-
zation of the ulnar nerve by sacrificing ulnar collateral arterial
branches, decreased operative time, and expedited patient recov-
ery without the need for postoperative immobilization. More
invasive approaches, including anterior nerve transposition with
subcutaneous, intramuscular, or submuscular placement, are bet-
ter reserved for recalcitrant cubital tunnel symptoms following an
in situ release. Medial epicondylectomy can be performed, but this
is not recommended by the authors. Other contraindications to an
in situ release include a failed prior in situ release, elbow arthri-
tis, and ulnar nerve instability diagnosed either preoperatively or
intraoperatively. In this case, a primary ulnar nerve transposition
with subcutaneous or submuscular placement is indicated.

22.3.1 Recommended Solution to the
Problem

« In situ decompression of the ulnar nerve in the cubital tun-

nel, consisting of the following:

- Division of Osborne’s ligament over the cubital tunnel.

- Division of the aponeurosis between the humeral and
ulnar heads of the FCU distally (the arcuate ligament).

- Division of the aponeurotic fascia overlying the epicondy-
lar groove and arcade of Struthers proximally.

- Ensuring no subluxation of ulnar nerve following unroof-
ing of the cubital tunnel.

- Allowing early active range of motion of the arm immedi-
ately with no splint immobilization.

22.4 Technique

The patient is taken to the operating room and placed supine on
the operating table. For in situ cubital tunnel release, anesthesia
can vary depending on surgeon, anesthesiologist, and patient.
General, nerve block, intravenous regional, or local anesthe-
sia with sedation are all options for this procedure. The arm is
abducted 90 degrees and placed on a hand table. If a tourniquet
is used, it can be placed in a nonsterile or sterile fashion. The
arm is then prepped and draped with chlorhexidine in the stan-
dard fashion.

The surgeon sits medial to the patient’s arm with an assistant
lateral to the arm. The assistant externally rotates the patient’s
shoulder and flexes the elbow to expose the medial epicondyle
of the humerus and olecranon process of the ulna. The skin inci-
sion is marked in a line halfway between the medial epicondyle
and olecranon, extending from this interval to approximately
2 to 3 cm distal over the FCU muscle, directly over the course
of the ulnar nerve (> Fig. 22.2). If a tourniquet is used, then the
arm is raised and exsanguinated using an Esmarch bandage.
The tourniquet is then inflated to 250 mm Hg and the Esmarch
bandage is removed.

An incision is made with a no. 15 blade through skin and
superficial subcutaneous tissue (> Fig. 22.3). Tenotomy scissors
are then used to spread the subcutaneous tissue in a direction
perpendicular to the incision in order to identify posterior
branches of the medial antebrachial cutaneous (MABC) nerve
that course through the plane of dissection. Dissection with
scissors continues to the deep fascia overlying the flexor/pro-
nator origin, and skin flaps are mobilized sufficiently to expose
this fascia.

The ulnar nerve can be palpated posterior to the medial
epicondyle and courses posterior to the medial intermuscular
septum. The leading edge of the FCU (Osborne’s ligament) is
visualized proximally along with the medial intermuscular sep-
tum distally. An incision is made carefully with a no. 15 blade in
the fascia overlying the nerve. Release is then continued proxi-
mally above the medial epicondyle to include aponeurotic fascia
overlying the epicondylar groove and the arcade of Struthers,
ending at the medial border of the medial head of the triceps
muscle (> Fig. 22.4).

Fig. 22.2 The incision is designed directly over the course of
the ulnar nerve, midway between the medial epicondyle and
olecranon.

Fig. 22.3 Tenotomy scissors are used to dissect the subcutaneous
plane, spreading in the direction of medial antebrachial cutaneous
nerve branches.
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Circumferential neurolysis of the nerve within the epicon-
dylar groove should not be performed—this will increase the
chances of ulnar nerve instability and subluxation. The ulnar
nerve is then identified and protected distally, and division of
Osborne’s ligament and the FCU fascia is completed distally
using tenotomy scissors (> Fig. 22.5).

Division of the fascia is performed posteriorly, closer to
the olecranon than medial epicondyle in an effort to create an

anterior “flap” of fascia that helps prevent ulnar nerve sublux-
ation. Care is taken to release both the superficial and the deep
fasciae of the FCU overlying the ulnar nerve to release all distal
compression points (> Fig. 22.6).

The elbow is then ranged from full extension to full flex-
ion to identify any residual points of compression and ensure
that the ulnar nerve is not destabilized by decompression,
which would manifest as subluxation of the nerve out of

Fig. 22.4 (a) The ulnar nerve can be palpated posterior to the medial epicondyle and courses posterior to the medial intermuscular septum.
(b) The proximal release of the ulnar nerve from the investing fascia. All sharp fascial edges are removed.

Fig. 22.5 (a) Osborne’s ligament, the leading edge of the flexor carpi ulnaris (FCU) fascia, is visualized distally. (b) The ulnar nerve is released
from Osborne’s ligament and the FCU fascia. The division of the fascia and muscle are kept posterior to prevent the nerve from volar subluxa-
tion with elbow flexion. (c) Both the superficial and deep fascia of the FCU overlying the ulnar nerve to release all distal compression points.
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Fig. 22.6 (a, b) Complete release of the ulnar nerve distally is ensured.

Fig. 22.7 A layered closure is performed with deep dermal and
subcuticular sutures.

the epicondylar groove. The tourniquet is then deflated and
hemostasis obtained with bipolar electrocautery.

The skin is closed in layers with interrupted, buried-deep
dermal 3-0 absorbable sutures and a 4-0 monofilament sub-
cutaneous suture (> Fig. 22.7). The incision can be covered with
either Steri-Strips or skin glue. A strip of Owen’s gauze is placed
over the incision, covered by bulky fluff gauze, and a gentle com-
pressive ACE wrap. Active range of motion is allowed immedi-
ately, and this dressing can be removed after 24 to 48 hours for
hygiene. Compression is recommended for 2 weeks postopera-
tively to minimize edema.

Potential sites of ulnar nerve compression not addressed by
an in situ release include the medial head of the triceps muscle
and the medial intramuscular septum.

22.4.1 Steps for the Procedure

1. Mark an approximately 2- to 3-cm incision halfway
between medial epicondyle and olecranon.

2. If atourniquet is used, exsanguinate the arm with
Esmarch and inflate tourniquet.

3. Incise skin and subcutaneous tissue with a no. 15 blade.

4, Spread with tenotomy scissors and protect posterior
branches of the MABC nerve.

5. Identify and incise the deep fascia between the humeral
and ulnar heads of the FCU muscle.

6. While protecting the ulnar nerve, sharply incise Osborne’s
ligament and the arcuate ligament distally along their
posterior borders. Then divide the epicondylar aponeu-
rosis and fascia overlying the ulnar nerve proximal to the
medial epicondyle, including the arcade of Struthers.

7. Range the elbow to identify any sites of residual
compression or ulnar nerve subluxation.

8. Deflate tourniquet and obtain hemostasis.

9. Close skin in layers and apply bulky dressing.

22.5 Postoperative Photographs
and Critical Evaluation of Results

The patient reported full resolution of her symptoms. Her inci-
sion healed well, and there were no postoperative complications.

22.6 Teaching Points

* Cubital tunnel syndrome is a clinical diagnosis characterized by
a history of paresthesias and numbness of the ring and small
fingers of the affected side, and when chronic and severe, intrin-
sic muscle weakness or atrophy of the hand. Electrodiagnostic
testing and ultrasound are helpful diagnostic tests.
Conservative measures are attempted prior to surgery for
early cases without evidence of motor weakness. These
consist primarily of orthotics to avoid excessive flexion of the
elbow during sleep, activity modification, and NSAIDs.
Failure to respond to conservative measures with significant
interference with daily activities or severe symptoms with
motor weakness are indications for surgical decompression
of the ulnar nerve at the elbow.

In situ release is the first-line surgical treatment as it involves
reduced risk of iatrogenic nerve injury or devascularization
of the ulnar nerve, decreased operative time, and expedited
patient recovery without the need for postoperative immo-
bilization.

Recalcitrant cubital tunnel syndrome following in situ
decompression can be addressed with more aggressive sur-
gical measures, including anterior nerve transposition with
subcutaneous, intramuscular, or submuscular placement.
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23 Recurrent Cubital Tunnel

Emily M. Krauss and Susan E. Mackinnon

23.1 Patient History Leading to
the Specific Problem

A 28-year-old man presented to the office with complaints
of severe pain and numbness in the ring and small fingers
of his nondominant hand. The patient had three ulnar nerve
operations for recurrent symptoms: first, a subcutaneous
transposition, followed by a submuscular transposition, and
finally by an ulnar nerve vein wrap. Immediately after the
third surgery, he experienced severe pain in the ulnar nerve
distribution, dense numbness in the ring and small fingers,
and developed weakness, intrinsic atrophy, and clawing of
the ulnar digits.

23.2 Anatomic Description of the
Patient’s Current Status

An old surgical scar is present posterior to the medial epicon-
dyle. The patient has pronounced ulnar intrinsic atrophy on
the left hand. A marked Wartenberg’s sign is noted in addi-
tion to clawing of the ring and small fingers. Motor examina-
tion illustrates minimal lumbrical function and no first dorsal
interosseous function or bulk is visible when the patient is
asked to pinch. A pronounced Froment’s sign is present. Ulnar-
sided flexor digitorum profundus has marked weakness. Pinch
and grip strengths are 6.34 and 37.7 kg, respectively, on the
involved side compared to 12.7 and 56.8 kg, respectively, on the
uninvolved extremity.

The involved ulnar nerve distribution has no functional
2-point discrimination on sensory testing, compared to 4 mm
in the contralateral hand. Pronounced Tinel’s signs and hier-
archical Scratch Collapse Tests are present first at the elbow,
then Guyon'’s canal, and proximally in the medial arm where an
arcade of Struthers is located.

Fig. 23.1 Mark the previous incision with visual cues to notify you
of the previous zone of surgery. The incision is extended proximally
and distally in the shape of a smile.

The patient has completed a visual analog scale (VAS)
for pain, depression, anger, frustration, and negative impact
on quality of life (»Fig. 23.1). The patient describes his pain
as burning and crushing along the ulnar border of his hand,
small, and ring fingers, with an average to worst pain level of
7 to 8 out of 10. The pain has had an 80% negative impact on
his quality of life.

23.3 Recommended Solution to
the Problem

Indications for revision cubital tunnel surgery can be classified
as persistent, recurrent, or new symptoms. Recurrent cubital
tunnel is a difficult problem requiring a systematic approach
to the identification of the nerve and surgical decompression.
Patients presenting with recurrent cubital tunnel may have
different spectrums of symptoms related to the previously
performed operation. The required surgical procedure differs
slightly for each scenario; however, the overall approach is
to turn the revision procedure into our primary operation: a
transmuscular ulnar nerve decompression avoiding any kinking
of the nerve and ensuring that all proximal and distal compres-
sion points are released (> Table 23.1).

23.3.1 Recommended Solution to the
Problem

Treatment priorities should focus on pain relief and restoration

of ulnar nerve function:

* Pain relief.

* Protecting the ulnar nerve.

» Complete decompression of the ulnar nerve (Box 23.1).

* Restoring function (motor, sensory, possibly with distal
transfers).

* Treating any medial antebrachial cutaneous (MABC)
neuromas.

1. Tight fascial band from previous subcutaneous
transposition.

2. Medial intermuscular septum (PMIS).

3. Flexor carpi ulnaris (FCU) fascial septum between
median-innervated forearm flexors and FCU (distal
intermuscular septum DIMS.

4. Thin but strong FCU fascia overlying the ulnar nerve.

5. Distal crossing vessels in the FCU, kinking the nerve when
transposed.

6. Intermuscular septa in the flexor mass from previous sub-
muscular transposition.

7. Arcade of Struthers.
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Table 23.1 Anticipated symptoms, operative findings, and surgical procedure by previous ulnar nerve operation

Previous ulnar nerve
operation

Decompression

Subcutaneous transposition

Learmonth’s submuscular
transposition

“Submuscular” transposition

MABC neuroma

Common symptoms

Persistent or recurrent ulnar nerve
numbness, tingling, possible pain,
and weakness

+ subluxation across elbow

Recurrent or new symptoms:
Recurrent ulnar nerve numbness,
tingling, possible neuropathic pain

Persistent or new symptoms:
++Neuropathic pain (ulnar distri-
bution)

Intrinsic weakness

Ulnar extrinsic weakness
Numbness

Persistent or new symptoms:
++neuropathic pain (ulnar distribu-
tion and MABC distribution)
Intrinsic weakness and atrophy
Ulnar extrinsic weakness
Numbness

New symptoms:

++ Neuropathic pain and hypersen-
sitivity in the medial forearm
Tinel’s sign in forearm in MABC
distribution

Anticipated operative findings

Intact MABC
Subluxation
+ scarring

Distal (proximal) kink

Tight band at transposition site
+ scarring

MABC neuroma

Intramuscular fibrous bands and
fascial septa compressing ulnar
nerve

++ scarring

Distal double right angle kink

+++ Scarring

Ulnar nerve in variable location,
usually right on or against medial
epicondyle

Distal kink

MABC/MBC neuroma

Incision crossing 3.5 cm distal to
median epicondyle

Painful sensitivity medial forearm
Proximal Tinel’s sign into MABC
territory

Surgical procedure

Limited neurolysis

Flexor pronator slide

Standard transmuscular transposition
with fascial flaps

Release all “kinks”

Limited neurolysis

Place ulnar nerve “transmuscular”
+ fascial flaps

Release distal kink

Remove fibrous bands and septum within
the muscle compressing the nerve
Option to leave muscle intact/remove
tendinous tissue

Release distal kink
Decompress nerve
Limited neurolysis

Evaluate after ulnar nerve is identified
and protected

Identify MABC in mid-arm with basilic
vein

Follow distally. If neuroma present, crush

proximal, cauterize distal, transpose prox-
imal, keeping in place with fibrin glue

Abbreviations: MABC, medial antebrachial cutaneous; MBC, medial brachial cutaneous.

23.4 Technique

With the operative arm prepped to the axilla, abducted to 90
degrees, and a high above-elbow sterile tourniquet in place (to
enable removal later in the procedure to check for an arcade
of Struthers), mark the previous incision including a visual
reminder of the zone of scarring (see »Fig. 23.1). Extend the
incision proximal and distal. Identify the ulnar nerve widely
proximal to the area of previous surgery; the ulnar nerve lies
directly posterior to the remaining intermuscular septum
between the biceps and triceps (> Fig. 23.2a). The entire length
of the proximal intermuscular septum (PIMS) is removed. Then
identify the ulnar nerve far distal to the previous operative site
by dividing the skin and dissecting down to expose the flexor
carpi ulnaris (FCU) fascia. There is a thick superficial fascial
band (the “unnamed” septum) that is always present in the
forearm fascia, even in revision surgery, that divides the medi-
an-innervated forearm flexors laterally from the FCU medi-
ally (»Fig. 23.2b). This distal septum and its relationship to the
ulnar nerve mimics its proximal counterpart (PMIS) and it can
similarly be used as a helpful anatomic landmark to identify the
unscarred distal nerve. The ulnar nerve lies directly under this
unnamed distal intermuscular septum (DIMS), and deep to the
FCU fibers.

In the primary operation after identification of the ulnar
nerve, we dissect to identify the medial antebrachial cuta-
neous nerve (MABC). In revision cubital tunnel surgery, we
ignore the MABC until the entire ulnar nerve is exposed in
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order to prevent inadvertent injury to the ulnar nerve in its
unpredictable course through scar tissue. After identifica-
tion proximally and distally, we carefully dissect the ulnar
nerve into the previous zone of surgery, understanding that
the nerve, scar tissue, and fascia are all white in appearance,
making it imperative to work from “known to unknown.” The
“tug test” can be used to anticipate the course of the ulnar
nerve and ensure that it is in continuity within the scarred
surgical field.

After a previously performed simple decompression,
the ulnar nerve will lie posterior to the medial epicondyle,
or on the epicondyle as it subluxes across the bony promi-
nence (> Fig. 23.3a). A circumferential decompression is per-
formed until the entire ulnar nerve is identified and mobile.
The flexor-pronator origin is then exposed. Fascial flaps are
created with the flexor-pronator fascia. A central “T” of thick
fascia between the forearm flexors is identified and excised to
prevent an area of kinking or compression on the ulnar nerve
when it is transposed to this new anterior location. A flexor
muscle slide is performed for at least 1 inch distally using
bipolar cautery (> Fig. 23.3b). Distally where the ulnar nerve
courses through the FCU, the “unnamed” septum (DIMS) is
removed. Very thin but tight fascia overlies the ulnar nerve
within the FCU and must be released. Also within the FCU,
small crossing vessels superficial and perpendicular to the
ulnar nerve are routinely encountered and must be divided to
prevent kinking of the nerve when transposed. Small motor
branches to the FCU should be neurolysed proximally off
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the main ulnar nerve to enable a tension-free transposition
while preserving the critical motor innervation to the FCU.
Once transposed anteriorly, the nerve should lie tension free,
straight, within the trough created by the flexor slide. The fas-
cial flaps should be very loosely approximated over the ulnar
nerve (> Fig. 23.3¢).

In patients with a previous subcutaneous transposition,
the dissection through the zone of injury can be very difficult
as the nerve and subcutaneous scar will look the same. Often
after a subcutaneous transposition, there is a tight compres-
sive band over the ulnar nerve usually from the strategy
used to keep the nerve anterior. In this scenario, the medial

Fig. 23.2 (a) Locating the ulnar nerve far proximally to the previous zone of surgery, lying just posterior to the medial intermuscular
septum. (b) Locating the ulnar nerve distal to the previous zone of surgery, lying directly under the “unnamed” septum and flexor carpi

ulnaris fibers.

Fig. 23.3 (a) Ulnar nerve position, scarred and subluxing over the medial epicondyle, after a previous simple decompression. (b) Ulnar nerve,
and fascia of the forearm flexor origin that will be used to create fascial flaps, with a flexor muscle slide of the fibers at least 1 inch distally.
(c) Ulnar nerve transmuscular transposition, with loose fascial flaps and the nerve lying in a straight line.
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intermuscular septum (PIMS), unnamed septum (DIMS), and
distal crossing vessels are often intact and must be released
or removed. The flexor slide is performed. This allows the
nerve to sit gently in an anterior trough with no kinking or
compression. Typically, the nerve has “memory” and does
not require fascial flaps to maintain its anterior position. A
limited neurolysis is performed only on the anterior surface
of the nerve to release any compressive scarred epineurium.

In patients with a previous Learmonth or submuscular
transposition, releasing intramuscular septal fascia located in
the flexor mass is essential to decompression the transposed
nerve (> Fig. 23.4). Patients who have had a submuscular trans-
position may need release of muscle fibers as well, which is per-
formed by working from proximal and distal along the course of
the ulnar nerve. All other compressive or kinking structures as
described earlier are released. A limited neurolysis of the ante-
rior surface of the nerve is also performed.

Finally, removing the tourniquet and inspecting proximally
is essential to identify an arcade of Struthers for release. The
arcade of Struthers is a fascial noose of triceps fascia that arises

posterior and medial to the nerve traversing laterally toward
the intermuscular septum that actively compresses the nerve
with elbow extension (> Fig. 23.5).

23.4.1 Additional Procedures

Identification of an MABC neuroma is treated with proximal
neurolysis of the branch with the neuroma (> Fig. 23.6). The
branch is then crushed proximally using a hemostat to create
a second-degree injury and to move the front of regenerating
nerve fibers proximally. The neuroma is then excised and the
distal end is capped using cautery or a long acellular nerve
allograft. The nerve is proximally transposed loosely and ten-
sion free within the intermuscular plane.

Consider an anterior interosseous nerve (AIN) transfer to
the ulnar motor nerve as an supercharged end to side (SETS),
using the branch to pronator quadratus, to allow for early distal
reinnervation in severe proximal nerve injury or compression.
A distal nerve transfer is particularly indicated in the case of
ulnar intrinsic atrophy and if electrodiagnostic studies illustrate

Fig. 23.4 Previous submuscular transposition. (a) The ulnar nerve underlying the flexor-pronatormass with two nearly 90-degree turns in the
nerve and (b) with thick fascial bands in the flexor mass requiring excision to create a transmuscular transposition.

Fig. 23.5 Proximal intermuscular septum over ulnar nerve, and
arcade of Struthers posterior to the ulnar nerve in a revision cubital
tunnel operation.
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Fig. 23.6 Medial antebrachial cutaneous neuroma (blue back-
ground) identified beside the decompressed and anteriorly trans-
posed ulnar nerve.
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Fig. 23.7 Distal cross-cross grafts, using acellular nerve graft,
from the third web-space fascicle of the median nerve to the ulnar
sensory nerve at the level of the carpal tunnel and Guyon’s canal.

fibrillations and decreased compound motor action potential
indicating axonal injury and axonal loss. The motor transfer
is often accompanied by a profundus tenodesis in our revision
cubital tunnel patients.

Consider distal sensory transfers to restore ulnar digital sen-
sation earlier, especially in patients with severe proximal scar-
ring. We perform these transfers using nerve grafts to bridge
from the median third web-space fascicle to the ulnar sensory
fascicles in a side-to-side fashion (what we refer to as a cross-
cross graft; » Fig. 23.7). Ensure that any neurolysis of the median
nerve takes only the fascicle to the third web space and protect
the remaining median nerve, so as not to create another injury.

23.5 Postoperative Photographs

and Critical Evaluation of Results

The patient is placed in a well-padded volar splint with the
elbow at 90 degrees of flexion and the forearm pronated and
wrist in neutral for 48 hours. A drain and pain pump are used.
Early gentle range of motion is initiated when the splint is
removed at 48 hours and is critical to prevent further scarring
of the ulnar nerve. Patients also benefit from desensitization
and strengthening exercises directed by a hand therapist.

A recent evaluation of the results of our preferred tech-
nique for recurrent cubital tunnel syndrome indicated higher
preoperative VAS scores for pain than primary cubital tunnel

syndrome patients. Patients undergoing our preferred tech-
nique for recurrent cubital tunnel syndrome had significant
improvements in postoperative pain and impact of pain on
quality of life. The magnitude of improvement was not statisti-
cally different from the improvement reported in the primary
ulnar nerve transposition cohort.

23.6 Teaching Points

* General surgical consideration:

- Plan 4 hours of operating room time (anticipate scarring).

- General anesthesia/intravenous regional anesthesia with
Precedex if pain a key component.

- Sterile tourniquet.

- Delay distal surgeries if there is severe pain (Guyon'’s, SETS,
profundus tenodesis).

Surgery:

- Extend previous incision proximal and distal.

- Proximally identify PMIS—the ulnar nerve is posterior.

- Distally identify fascial septum (DIMS) between median
and ulnar muscles—the ulnar nerve is posterior.

- Work slowly following ulnar nerve, move proximal/distal,
and distal/proximal.

- Use the tug test to confirm continuity and location of the
ulnar nerve.

- Focus on identifying the ulnar nerve (not MABC).

- Dissect “wide on the ulnar nerve if significant scarring.”

- Limited graded neurolysis but remove all kinks—transpose—
transmuscular.

- MABC neurolysis or transposition.

- Check for arcade of Struthers when tourniquet deflated.
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24 Recurrent Ulnar Neuropathy

Thomas H. Tung

24.1 Patient History Leading to
the Specific Problem

A 54-year-old man is referred with persistent ulnar neuropathy
following decompression and transposition over 1 year ago. His
symptoms began about 1.5 years ago when he began to notice
weakness and clumsiness in his right hand. A diagnosis of severe
cubital tunnel syndrome was made, followed by ulnar nerve
transposition. Postoperatively, however, he has continued to
experience progressive loss of ulnar nerve function and severe
ulnar nerve pain for which he takes nortriptyline. He complains
of hypersensitivity along the ulnar aspect of his forearm, hand,
and ring and small fingers.

24.2 Anatomic Description of the
Patient’s Current Status

The patient has a well-healed longitudinal curvilinear scar
behind the left medial epicondyle extending approximately
6 cm. He has marked ulnar intrinsic atrophy of the left hand,
very little ulnar intrinsic function, and a very positive Froment’s
sign (> Fig. 24.1). He has very weak ulnar extrinsic function as
well. His pinch and grip strengths on the right are 9 and 55 Ib,
respectively, compared to 20 and 110 Ib, respectively, on the left.
His 2-point discrimination in the median nerve distribution is
between 4 and 5 mm, but no detectable 2-point discrimination
or even light touch sensation in the ulnar nerve distribution. He
has a strong Tinel’s sign at the right elbow and especially at the
distal end of his scar where it seems his enlarged ulnar nerve is
almost palpable.

Fig. 24.1

Intrinsic wasting secondary to ulnar nerve neu-
ropathy. The first dorsal interosseous muscle is most notably
deficient.
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24.3 Recommended Solution to
the Problem

A common problem after ulnar nerve transposition is insuffi-
cient release and mobilization of the nerve at the most proxi-
mal and distal extent of dissection that leads to an acute angle
of turn of the nerve both proximally and distally after transpo-
sition. Insufficient soft tissue and fascial release will also cause
a firm edge against which the nerve will press as its course
changes in its transposed location. All of these areas will need
to be released and the ulnar nerve further mobilized both prox-
imally and distally so its course is more gradual and smooth as
it transitions from its anatomic location to the transposed posi-
tion. His symptoms are also suspect for injury to one or more
branches of the medial antebrachial cutaneous (MBAC) nerve,
which will need neuroma excision and proximal transposition
into muscle away from the scar.

Finally, he has significant muscle atrophy after a prolonged
period of chronic denervation. An appropriate and thorough
decompression at this point will be helpful, especially for his
pain and sensation, but muscle reinnervation may be more lim-
ited because of the chronic duration of his problem. As such, a
nerve transfer from the distal anterior interosseous nerve (AIN)
should be considered to provide a source of motor axons in
closer proximity to the intrinsic muscles and allow faster rein-
nervation. If done in a reverse end-to-side (RETS) or super-
charge end-to-side (SETS) fashion, any reinnervation from his
recovering ulnar nerve would still be possible and additive.

24.3.1 Recommended Solution to the
Problem

* MABC nerve branches and neuromas need to be identified,
excised, and the proximal nerve transposed proximally away
from scar.

* The ulnar nerve should be more extensively mobilized to
release all scar and existing or potential compression points,
including all fascial and septal edges.

* There should be easy transposition of the nerve without
sharp bends or pressure points at the proximal and distal
endpoints of dissection.

* SETS nerve transfer from the distal AIN should be done to
optimize intrinsic muscle reinnervation and supplement the
recovering ulnar nerve.

24.4 Technique

His previous scar is excised, reopened, extended both prox-
imally and distally, and skin flaps re-elevated. Branches of
the MABC should be identified and any neuromas excised,
mobilized, and transposed proximally into innervated mus-
cle to minimize the risk of recurrent neuroma formation. The
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VII Problems with Compression Neuropathy

transposed ulnar nerve is identified, and any overlying scar is
released, especially if a fascial sling was constructed to keep it
in a transposed position and is now causing any compression.
At the proximal and distal exposures, the nerve is remobilized,
and the muscle and fascial planes dissected and released to
ensure that the nerve takes a smooth curving course to and
from its transposed position without any kinking or palpable
fascial edges against it. If a submuscular transposition was done
before or is being done, intermuscular septa between the fore-
arm muscles under the transposed nerve should also be excised
to provide a smooth, soft bed for the nerve without ridges or
firm edges that may become more pronounced with scarring.
If a new fascial sling needs to be constructed to keep the nerve
transposed, it should be very loose and ideally any fascial sutur-
ing should be kept away from the nerve and not directly over
it if possible (> Fig. 24.2). Nerve branches coming off the nerve
within the cubital tunnel, usually articular and flexor carpi
ulnaris (FCU) branches, should be neurolysed from the nerve
proximally to gain sufficient length to allow easy anterior trans-
position without tethering.

Fig. 24.2 A fascial sling is employed to maintain the ulnar nerve in
its desired, transposed position.

For the distal nerve transfer, a separate longitudinal inci-
sion should be made in the distal volar forearm. This should
be extended onto the proximal palm with a zigzag across the
wrist crease to expose and release Guyon’s canal. The deep
motor branch should be identified and neurolysed from the
sensory ulnar nerve as proximally as possible. The distal AIN
is identified just proximal to the pronator quadratus muscle,
which is then split longitudinally to follow the intramuscular
course of the nerve (> Fig. 24.3a). This will maximize the length
of the AIN to facilitate transposition to the ulnar nerve. Once
the motor fascicle of the nerve is identified at this level, a RETS
transfer of the terminal AIN to the side of the ulnar motor fasci-
cle is constructed with interrupted 9-0 nylon and/or fibrin glue,
if preferred (> Fig. 24.3b). We prefer to make an epineurial/per-
ineurial window at the site of intended coaptation to the motor
fascicle, but we do not believe additional significant intentional
axonal injury is necessary. The skin is closed over an indwell-
ing drain and a pain pump catheter. A posterior elbow splint
is applied for immobilization for no more than approximately
5 days and then movement begun to maximize nerve gliding
and minimize scarring.

24.5 Postoperative Photographs
and Critical Evaluation of Results

At 1.5-year follow-up, his symptoms are significantly improved.
His pain is essentially gone and he has stopped taking nortrip-
tyline. His visual analog scales for quality of life, depression,
frustration, and anger are all down to 0 from a maximum of
5. His 2-point discrimination in the ulnar nerve distribu-
tion is 8 and the Semmes-Weinstein testing in the small fin-
ger is 2.83 compared to no sensation preoperatively. Pinch
and grip strengths on the right are 9 and 80 Ib, respectively.
The first dorsal interosseous muscle contraction is visible
with pinch.

Many of the problems this patient had can be avoided
with careful attention to these details at the time of his ini-
tial surgery. Branches of the MABC should be identified and
preserved whenever possible. If they cannot, then they should

Fig. 24.3 (a) The distal anterior interosseous nerve (AIN) is identified just proximal to the pronator quadratus muscle, which is then split
longitudinally to follow the intramuscular course of the nerve. (b) Once the motor fascicle of the nerve is identified at this level, a reverse
end-to-side transfer of the terminal AIN to the side of the ulnar motor fascicle is constructed with interrupted 9-0 nylon and/or fibrin glue,
if preferred.
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be crushed high (for fourth degree injury) and the end cau-
terized and transposed proximally away from the scar. Care
should also be taken to ensure a sufficient exposure and mobi-
lization of the ulnar nerve so that the transposition does not
cause new entrapment points at the proximal and distal ends
where the nerve emerges and then courses down again into
deeper muscle and fascial planes. The mobilization should
be sufficient enough so that the nerve remains in the trans-
posed position easily by itself without tension. Any fascial
sling to hold it there should be loose and fascial sutures kept
away from the nerve if possible to minimize scarring onto
the nerve.

The SETS nerve transfer provides an option to improve mus-
cle reinnervation and function but still allow spontaneous
recovery and innervation from the proximal ulnar nerve after
thorough decompression. Without this, we believe muscle rein-
nervation following such prolonged denervation will remain
more limited.

24.6 Teaching Points

« Short skin incisions with limited exposure are counterpro-
ductive to a thorough nerve mobilization and transposition.

* MABC nerve branches should be respected or can otherwise
cause a significant postoperative pain problem.

« All potential compression points should be consid-
ered including new ones that arise from dissection and

transposition. These often involve fascial or septal bands that
form firm edges after scarring and healing.

* SETS nerve transfer is a good option when some nerve func-
tion is present but weak, and will benefit from supplement-
ing with additional axonal input.

* Early mobilization will limit nerve scarring, which can con-
tribute to long-term pain and disability.
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25 Radial Tunnel Release in the Forearm

Steven T. Lanier and Jason H. Ko

25.1 Patient History Leading to
the Specific Problem

The patient is a 35-year-old right-handed woman who pre-
sented with a 3-year history of pain along the dorsoradial
aspect of the proximal forearms bilaterally, with the left arm
being more symptomatic than the right. She also reported some
weakness of finger extension on the left compared to the right,
along with intermittent numbness and tingling in the dorsora-
dial aspect of her left hand and wrist. She worked as a nurse and
had trouble performing some of her job duties due to the pain.

On examination, the patient endorsed focal tenderness over
the area of the posterior interosseous nerve (PIN) on the left
dorsoradial forearm approximately 5 cm distal to the lateral
epicondyle, along with a positive Tinel’s sign over the radial
tunnel. Scratch-collapse test was positive for radial neurop-
athy in the left dorsal forearm. Symptoms were exacerbated
with resisted forearm supination. She had 5/5 muscle strength
of the wrist extensors, but 4-/5 strength of the extensor dig-
itorum communis (EDC) compared to the contralateral side,
with slightly diminished sensation to light touch in the radial
sensory nerve distribution. Palpation of the lateral epicondyle
elicited minimal to no tenderness, and there was no appreciable
increase in pain with resisted wrist extension, making lateral
epicondylitis a less likely diagnosis. Based on these findings, a
diagnosis of radial tunnel syndrome was made. Nerve conduc-
tion studies and electromyogram (EMG) were not obtained as
these are often normal in the cases presenting with radial tun-
nel syndrome, and the diagnosis is considered a clinical one.

Prior to presentation, the patient had been unsuccessfully
treated by an outside surgeon for presumed lateral epicondylitis
with nonsteroidal anti-inflammatory drugs (NSAIDs) and ther-
apy exercises. She had attempted to avoid activities that exac-
erbated the pain, but she was still working without restrictions
and dealing with persistent pain. Conservative measures had
failed to provide any relief, and upon learning of the diagnosis
of radial tunnel syndrome, the patient desired surgical inter-
vention on the left upper extremity with the hope of returning
to work pain free.

25.2 Anatomic Description of the
Patient’s Current Status

The patient has no external stigmata of injury of the proximal
dorsoradial forearm or lateral epicondylar region. Based on her
history and physical examination findings, however, we can
deduce that the radial nerve is being compressed within the
radial tunnel. The radial nerve courses anterior to the lateral
intermuscular septum in the distal arm. After giving branches
to the brachialis and brachioradialis muscles, it enters the dor-
soradial aspect of the forearm anterior to the lateral epicondyle.

After branching to the extensor carpi radialis longus (ECRL),
extensor carpi radialis brevis (ECRB), and supinator muscles,
the radial nerve bifurcates into the radial sensory nerve and
the PIN, which immediately courses deep to the proximal edge
of the superficial head of the supinator muscle into the radial
tunnel. The radial tunnel is bordered radially by the ECRB mus-
cle, medially by the biceps tendon and brachialis, with a floor
formed by the radiocapitellar joint proximally, and deep head of
the supinator muscle distally. The roof of this tunnel consists of
the superficial head of the supinator muscle, the most proximal
extent of which forms the arcade of Frohse. Potential compres-
sion points of the radial nerve include the fibrous bands of the
radiocapitellar joint, recurrent leash of Henry (radial recurrent
vessels), the proximomedial edge of the ECRB, the arcade of
Frohse, and the distal edge of the supinator.

25.3 Recommended Solution to
the Problem

For patients presenting with early signs of nerve compression
and no motor weakness, conservative measures are attempted
first for a period of at least 3 months, including activity mod-
ification, NSAIDs, and corticosteroid injection (CSI). In a series
by Sarhadi et al, 16 of 23 patients experienced 2 years of pain
relief with a single injection of 40 mg of triamcinolone. We offer
surgical decompression of the radial nerve if conservative mea-
sures fail, if the patient’s symptoms have a significant negative
impact on work and leisure activities, or if there is evidence of
PIN-innervated extensor muscle weakness when compared to
the contralateral side. The three commonly used surgical expo-
sures are the volar approach (referred to as the Henry approach),
the brachioradialis-splitting approach, and the dorsal approach.
Our preferred surgical technique is the dorsal approach, which
develops the interval between the brachioradialis and the ECRL.
Reported success rates of surgical decompression of the radial
nerve vary from 67 to 92%. A recent series of patients by Simon
Perez et al treated with the dorsal approach reported that
approximately 50% of patients achieved symptom-free “excel-
lent” results and an additional 37% achieved “good results,”
with only occasional symptoms with prolonged activity.

25.3.1 Recommended Solution to the
Problem

» Surgical decompression of the radial nerve in the radial
tunnel via a dorsal approach between the brachioradialis and
the ECRL interval.

* Full release of the arcade of Frohse and the superficial head of
the supinator muscle.

* Ligation of the leash of Henry if there are visible signs of
anatomic compression.

Al'l use subject to https://ww.ebsco.conitermns-of-use



EBSCChost -

25 Radial Tunnel Release in the Forearm

25.4 Technique

The patient is taken to the operating room and placed supine on
the operating table. The arm is abducted 90 degrees and placed
on a hand table, and a tourniquet is placed on the upper arm.
The arm is then prepped and draped in the standard fashion.

The surgeon sits facing the dorsal aspect of the patient’s
arm with an assistant facing the volar surface of the arm.
The forearm is pronated and placed on the hand table with
the extensor surface up. The skin incision is marked along
the groove between the brachioradialis radially and the ECRL
ulnarly (> Fig. 25.1).

The proximal extent of the incision begins approximately
2 cm distal to the lateral epicondyle and extends obliquely
along the medial border of the mobile wad for approximately
8 cm. The arm is exsanguinated, and the tourniquet is then
inflated. The incision is made with a scalpel through the skin,

Fig. 25.1 Positioning and marking: the forearm is pronated and
the incision is marked along the groove between the brachioradialis
and the extensor carpi radialis longus.

and tenotomy scissors are used to dissect the superficial sub-
cutaneous tissue (> Fig. 25.2a). The posterior antebrachial cuta-
neous nerve (PACN) of the forearm may be encountered during
the dissection and should be protected. The PACN lies dorsal to
the interval between the brachioradialis and the ECRL and can be
used as a landmark for this intermuscular interval (> Fig. 25.2b).

A difference in thickness of the fascia overlying the brachi-
oradialis and the ECRL is typically noticeable, and this fascial
interval is incised with a scalpel. The interval is developed
with a combination of tenotomy scissors and mostly blunt dis-
section (> Fig. 25.3a). A self-retaining retractor is then placed
in this interval to expose the radial nerve and its overlying
structures (> Fig. 25.3b).

The vascular leash of Henry can be ligated with vascular
clips, and further dissection will expose the PIN and radial
sensory nerve (> Fig. 25.4). The supinator muscle and its thick
fibers will be visible running obliquely at the base of the field,
and the PIN will be seen diving deep to the thickened proximal
aponeurotic border of the supinator, also known as the arcade
of Frohse.

The radial sensory nerve can be seen radial to the PIN,
and the arcade of Frohse and the entirety of the superfi-
cial head of the supinator muscle overlying the PIN are then
divided (> Fig. 25.5).

Complete decompression of the PIN is confirmed visually
and manually, and proximal release of any potential fibrous
bands of the radiocapitellar joint is performed to complete the
nerve decompression (> Fig. 25.6).

The tourniquet is then deflated and hemostasis obtained
with bipolar electrocautery. The skin is closed in layers with
interrupted, buried-deep dermal 3-0 absorbable sutures and a
4-0 monofilament subcutaneous suture. The arm is then placed
in a soft dressing, consisting of gauze and a gentle compressive
ACE wrap. This dressing is kept in place until 48 hours after the
procedure; active and passive range of motion can begin imme-
diately postoperatively.

Fig. 25.2 (a) Dissection of subcutaneous tissue reveals the posterior antebrachial cutaneous nerve (PACN). (b) The PACN serves as a landmark
for the interval between the brachioradialis and the extensor carpi radialis longus (black dots).
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Fig. 25.3 Exposure of the radial nerve. (a) Fascial interval is developed with tenotomy scissors and blunt dissection. (b) A self-retaining retrac-
tor is used to expose the radial nerve and the overlying structures.

Fig. 25.4 Ligation of the vascular leash of Henry and exposure of the Fig. 25.5 Division of the superficial head or the supinator muscle
posterior interosseous nerve. overlying the posterior interosseous nerve.

Fig. 25.6 Complete release of the radial nerve is ensured both (a) distally and (b) proximally.
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25.4.1 Steps for the Procedure

1. Mark incision that begins approximately 2 cm distal to the
lateral epicondyle and extends obliquely along the medial
border of the mobile wad for approximately 8 cm.

2. Exsanguinate the arm with Esmarch and inflate
tourniquet.

3. Incise skin and dissect to the fascial interval between the
brachioradialis radially and the ECRL ulnarly, protecting
the PACN of the forearm anteriorly.

4. Retract the brachioradialis and ECRL to visualize the
superficial head of the supinator muscle with the PIN
along the anterior border.

5. Overlying vessels (leash of Henry) should be ligated with
vascular clips.

6. While protecting the PIN, incise the arcade of Frohse and
release the entire superficial head of the supinator muscle
using bipolar electrocautery.

7. Ensure decompression by observing the PIN with the arm
in pronation and supination, and confirm there are no
additional compression points of the radial sensory nerve.

8. Explore the radial nerve proximally and release any
fibrous bands of the radiocapitellar joint region.

9. Obtain hemostasis and perform a layered closure of
the skin.

10. Apply a soft dressing that is taken down in 48 hours and
begin range of motion immediately as tolerated.

25.5 Postoperative Photographs
and Critical Evaluation of Results

The patient reported full resolution of her symptoms. Her inci-
sion healed well, and there were no postoperative complications.

25.6 Teaching Points

» Radial tunnel syndrome is a clinical diagnosis of compression
of the PIN in the dorsoradial forearm, resulting in primarily
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pain localized to this region, with occasional extensor muscle
weakness. A presentation consisting of primarily motor
weakness without pain is referred to as the PIN syndrome,
though the site of compression and anatomic structures
involved are the same.
Radial tunnel syndrome needs to be differentiated from
lateral epicondylitis.
The radial tunnel is bordered radially by the ECRB muscle,
medially by the biceps tendon and brachialis, with a floor
formed by the radiocapitellar joint proximally, and deep head
of the supinator muscle distally.
Conservative measures including activity modification,
NSAIDs, and CSI may be tried for a period of 3 to 6 months
prior to surgical intervention. Anecdotal evidence suggests
potential effectiveness of CSI, though further study is needed.
Failure to respond to conservative measures with significant
interference of daily activities—or any motor weakness—is an
indication for surgical decompression of the radial nerve in
the dorsoradial forearm.
Volar and dorsal approaches with various intervals of access
to the radial tunnel have been described. Our preferred sur-
gical approach is the dorsal approach in the interval between
the brachioradialis and the ECRL.
* A soft dressing is applied postoperatively, and active and
passive range of motion is begun immediately.
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26 End Neuroma

Theodore A. Kung and Paul S. Cederna

26.1 Patient History Leading to
the Specific Problem

A 47-year-old man presented several years after sustaining a
traumatic transfemoral amputation of the left lower extremity
and subsequent above-knee revision amputation. He reports
intense neuropathic pain that emanates from a consistent
location along the posterior aspect of his left residual thigh.
Direct pressure over this specific point exacerbates his symp-
toms and as a result the patient has considerable difficulty
wearing his prosthesis to ambulate. Upon exploration, a large-
end neuroma involving the distal sciatic nerve was discovered
(»Fig. 26.1).

26.2 Anatomic Description of the
Patient’s Current Status

After a peripheral nerve is severed (neurotmesis), Wallerian
degeneration occurs distal to the site of injury, followed by axo-
nal sprouting and elongation that is guided by a multitude of
local neurotrophic factors. When the distal end of the severed
peripheral nerve is available, the optimal intervention is to per-
form end-to-end neurorrhaphy in order to allow the regenerat-
ing axons to reestablish contact with the distal nerve segment.
However, in the setting of amputation, the distal nerve segment
is absent and consequently the regenerating axons are prone to
form an end neuroma consisting of a disorganized mass of axonal
spouts, Schwann cells, fibroblasts, and capillaries. Symptomatic
neuroma occurs in up to a third of patients with major limb
amputation. In patients who experience traumatic amputation
injury, the incidence of residual limb pain can be as high as 70%.

Although the experience of neuroma pain itself can be quite
debilitating, a serious functional consequence of persistent pain

Fig. 26.1 Large end neuroma involving the distal sciatic nerve.

in the residual limb is the inability to wear a prosthetic device.
This leads to considerable limitations in a patient’s capacity to
perform activities of daily living and a significantly decreased
quality of life. As a result of neuroma pain, patients with a
major upper extremity amputation frequently forego the func-
tional advantages of an artificial limb and may not even tolerate
a passive, cosmetic prosthesis. Those with a lower extremity
amputation may suffer even more significant morbidity due
to the loss of ambulation. Therefore, all patients with limb loss
should be carefully evaluated for symptomatic neuromas. If
present, the neuromas should be surgically addressed to allow
the patient to comfortably wear a prosthesis.

26.3 Recommended Solution to
the Problem

Various nonsurgical therapies for neuroma pain have been
described, including desensitization therapy, injection of the
neuroma with chemicals that attempt to inhibit axonal regen-
eration, and numerous medications such as antidepressants,
anticonvulsants, and narcotics. However, definitive treatment
involves surgical exploration, excision of the neuroma bulb,
and an effort to either to reduce the pain of a recurrent neu-
roma or to prevent the reformation of a recurrent neuroma.
The most commonly performed option to address recurrent
neuroma pain is to bury the end of the nerve into normal
muscle tissue after neuroma excision. With this method, the
end neuroma is expected to reform, but the muscle serves as
a biological cushion that mitigates the incitement of painful
neuroma symptoms.

More recently, investigation into novel strategies to control
neuroprosthetic limbs has led to techniques that inhibit neu-
roma formation. These approaches prevent the development of
a disorganized and hyperexcitable neuroma bulb by promoting
guided axonal regeneration and subsequent reinnervation of
denervated muscle. For example, targeted muscle reinnerva-
tion (TMR) is a method whereby a nerve transfer is performed
to provide sprouting axons a distal target for reinnervation in
order to prevent reformation of an end neuroma. After the neu-
roma bulb is excised from the symptomatic nerve, a specific
recipient motor branch is selected and divided, which results
in selective denervation of the target muscle. Coaptation is then
performed between the proximal nerve (which formerly had
the neuroma) and the distal recipient motor branch, allowing
the axons to regenerate toward and subsequently reinnervate
the denervated muscle.

The regenerative peripheral nerve interface (RPNI) is a
novel strategy to prevent neuroma formation in transected
peripheral nerves. The RPNI consists of a residual peripheral
nerve that is implanted into a free skeletal muscle graft either
at the time of limb amputation or after excision of a neu-
roma bulb (>Fig. 26.2). Because the muscle fibers within the
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Fig. 26.2 Regenerative peripheral nerve
interface.

Fig. 26.3 Intraneural dissection of fascicles.

free graft are both nonvascularized and denervated, they will
undergo a process of degeneration followed by regeneration
and are subsequently reinnervated by the sprouting axons of
the implanted nerve. In this manner, the RPNI encourages the
formation of new neuromuscular junctions within the free
muscle graft, thereby greatly reducing the number of aimless
axons at the end of the nerve and reducing the chance of neu-
roma recurrence. Multiple RPNIs can be performed at the site
of limb amputation using a piece of free muscle graft for each
available peripheral nerve end.

26.3.1 Recommended Solutions to the
Problem

* Implantation into muscle.
* Targeted muscle reinnervation.
 Regenerative peripheral nerve interface.
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26.4 Technique

The end neuroma is identified under tourniquet control and the
symptomatic nerve is dissected proximally for several centime-
ters to free it from any surrounding adhesions. If the neuroma is
located in an unfavorable location, such as the weight-bearing
aspect of the residual limb, the nerve is repositioned so that
ultimately the RPNI is protected from external pressure. The
neuroma bulb is sharply excised with a blade. An end neuroma
involving a small sensory nerve can be addressed using a single
RPNI. However, larger mixed nerves such as the sciatic nerve
contain several major fascicles that can be meticulously sepa-
rated by dividing the epineurium and performing intraneural
dissection (> Fig. 26.3). This allows for construction of several
RPNIs, which optimizes the ratio of regenerating axons to
denervated muscle fibers. Additionally, splitting of the fascicles
within a large nerve also permits future detection of discrete
electromyographic motor signals from these fascicles if the
RPNIs are to be used for controlling a prosthetic device.

One free muscle graft for each RPNI is harvested sharply
using a knife. Electrocautery is avoided in order to preserve
the viability of muscle fibers. The donor muscle tissue is usu-
ally taken from the surrounding musculature within the distal
amputation stump, but can also be harvested from a distant
location, such as the vastus lateralis muscle. To facilitate mus-
cle regeneration and reinnervation, tissue scissors are used to
remove as much fat and fascia as possible from the graft. The
size of the free muscle graft varies with the size of the nerve
or fascicle and generally maintains a 2:1 length-to-width
ratio (> Fig. 26.4a). The nerve is then implanted into the cen-
tral portion of the free muscle graft and the epineurium is
secured to the epimysium using two 6-0 nonabsorbable mono-
filament sutures. Subsequently, the edges of the muscle graft
are wrapped completely around the nerve and closed with
sutures (> Fig. 26.4b). In most cases, the cylinder of muscle
measures approximately 3 to 4 cm in length and 1.5 to 2 cm in
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VIl Problems with Nerve Repair

Fig. 26.4 (a) Free muscle graft for regenerative peripheral nerve interface (RPNI). (b) Muscle graft wrapped around the nerve and sutured
closed. (c) Multiple RPNIs located adjacent to each other within the residual limb.
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diameter. Multiple RPNIs can be located adjacent to each other
within the residual limb (> Fig. 26.4c). The surgical site is then
closed in layers.

26.4.1 Steps for the Procedure

1. Identify the end neuroma and free the nerve from scar
tissue.

2. Sharply excise the neuroma bulb.

3. Determine if one or more RPNIs are to be performed.
Large nerves can be separated into major fascicles.

4, Harvest a free muscle graft for each nerve fascicle.

5. Nerve is implanted and the muscle is wrapped around the
nerve and secured with 6-0 nonabsorbable monofilament
sutures under loupe magnification.

26.5 Postoperative Photographs
and Critical Evaluation of Results

Immediately after RPNI surgery is performed, patients often
report improvement of their neuroma symptoms and this is
likely a direct result of excising the hyperexcitable neuroma
bulb. Further pain relief can be expected throughout a period of
about 3 to 4 months as sprouting axons begin to reinnervate the
regenerated free muscle grafts. A mature RPNI can be evaluated

Fig. 26.5 Ultrasound evaluation of the free
muscle graft.
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by ultrasound imaging to confirm the presence of the free mus-
cle graft (> Fig. 26.5). After RPNI surgery, patients should pro-
ceed with prosthetic rehabilitation.

Amputees with symptomatic neuromas frequently also suf-
fer from chronic pain that arises from both peripheral and cen-
tral nervous system mechanisms. These patients may depend
on multiple medications for pain management, including
chronic opioid therapy, which may further complicate central
neural sensitization pathways. Due to the complex pathophys-
iology of neuropathic pain, treatment of the end neuroma may
not completely relieve pain within the residual limb. For exam-
ple, phantom limb pain largely derives from central neural
mechanisms that can be exacerbated by the presence of neu-
romas. Surgical treatment of the neuromas may eliminate the
peripheral trigger of phantom limb pain but will not affect the
root cause, which originates from the central nervous system.

26.6 Teaching Points

» Symptomatic neuromas can result in abandonment of pros-
thetic devices, which leads to decreased functional capacity
and quality of life for amputees.

* Sprouting axons from a divided peripheral nerve seek
to reestablish physiologic connections with end organs.
Without reinnervation, these free axons are prone to forming
an end neuroma.
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26 End Neuroma

« Surgical treatment of a symptomatic neuroma within an
amputation site involves sharp excision of the neuroma bulb
and addressing the residual nerve end to either reduce the
pain of a recurrent neuroma or to prevent the reformation of a
recurrent neuroma.

 The RPNI is a novel treatment for end neuromas. Sprouting ax-
ons are guided to denervated free muscle grafts and subsequent
reinnervation prevents the formation of a neuroma.
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27 Pain following Nerve Repair

Ida K. Fox and Leahthan F. Domeshek

27.1 History

A 40-year-old right-hand-dominant woman was accepted in
transfer with subacute left, greater than right, neuropathic arm
pain. Five days prior to presentation, the patient had fallen on
the stairs and sustained bilateral upper extremity lacerations
from broken glass. She sustained bilateral arterial, nerve, and
tendinous injuries and presented to an outside facility for
emergent management. Perfusion was restored, tendons were
repaired, and major nerve branches were temporarily coapted
using conduit. On transfer, she presented with tachycardia and
10 out of 10 pain.

27.2 Anatomic Description of the
Patient’s Current Status

27.2.1 Examination Findings

The left arm had a stapled transverse laceration spanning the
antecubital fossa with significant edema, no signs of infec-
tion, intact distal perfusion, pain with attempted elbow flex-
ion, and absent distal median and radial nerve function. There
was exquisite sensitivity to light touch at the medial and lateral
aspects of the proximal staple line with loss of sensation in the
medial antebrachial (MABC) and lateral antebrachial (LABC)
cutaneous nerve distributions. Distal ulnar nerve function was
preserved.

i

<\ !
Median nerve

Proximal Distal

Fig. 27.1 Left upper extremity after extension of the laceration,
exposure and removal of the previously interposed nerve conduits.
The transected median and radial nerves are visible. The biceps
was transected at the musculotendinous junction; the brachialis
was partially transected; the proximal muscle bellies were coapted
under tension to the distal brachialis muscle. The distal biceps
tendon had not been included in the repair. The nerve stumps are
contused and show some evidence of a more avulsive mechanism
of injury. (Reproduced with permission of nervesurgery.wustl.edu)

The right arm had a stapled oblique laceration that crossed
the ulnar aspect of the forearm. Distal function of the ulnar
nerve was absent.

27.2.2 Intraoperative Findings

In the left upper extremity, after extending the previous lacer-
ation significantly to allow for better exposure, the ends of the
transected left median and radial nerves were exposed. They
had been approximated, under moderate tension, with nerve
conduits (> Fig. 27.1). In addition, after meticulous and tedious
dissection through the subcutaneous tissue, the proximal ends
of the transected LABC and MABC were identified; the distal
stumps could not be easily identified. A laceration through the
biceps musculotendinous junction and brachialis muscle belly
was also noted.

In the right upper extremity, the previous laceration was
extended slightly, and the transected ulnar nerve (with inter-
posed conduit) was exposed. The muscle bellies of the flexor
digitorum superficialis (FDS) and flexor carpi ulnaris (FCU)
were partially transected (> Fig. 27.2).

27.2.3 Physiologic Explanation of
Problem

Following laceration, the proximal nerve end undergoes axonal
sprouting, and, if left unrepaired, it can generate a traumatic
neuroma. Stimulation of this traumatized proximal stump leads
to pain and paresthesias. If the proximal end is appropriately
approximated to a recipient scaffold for ingrowth (i.e., distal
stump of the transected nerve, autograft, allograft, etc.), regen-
eration occurs, preventing neuroma formation and its accom-
panying pain.

Furthermore, when a traumatized nerve is repaired, the
coapted ends must be healthy, and outside of the zone of injury.

Conduit

Proximal

Fig. 27.2 Right upper extremity. The transected ulnar nerve is vis-
ible, still attached to the previously interposed conduit proximally.
Lacerated flexor digitorum superficialis (FDS) and flexor carpi ulnar-
is (FCU) muscle bellies are noted. The distal nerve stump appears to
be of poor quality—ecchymotic, with evidence of an avulsive mech-
anism. (Reproduced with permission of nervesurgery.wustl.edu.)
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Coaptation of damaged fascicles will prohibit healthy nerve
regeneration, resulting in a segment of abnormal fascicular
sprouting and scar (neuroma in continuity). Tension across a
nerve repair also inhibits axonal outgrowth and promotes gap-
ping, both of which further contribute to neuroma-in-continu-
ity formation. For these reasons, acute repair of nerve injuries
requires aggressive trimming of traumatically transected nerve
ends and, often, interposition grafting to avoid tension.

27.3 Recommended Solution to
the Problem

Anticipating and addressing the potential for neuropathic pain
at the time of nerve injury, through pharmacologic, surgical,
and therapeutic interventions can help prevent this problem.
Nerves of critical function must be repaired, tension free, with
interposed graft material if a tension-free primary repair is not
possible. Distal compression points, which add additional insult
to an injured nerve (the double-crush phenomenon), should be
released to assist distal regeneration and potentially decrease
pain or dysfunction.

There must be a high index of suspicion for injured cutane-
ous nerves (such as the LABC and MABC), which can also lead
to painful neuroma formation. Diligent dissection to identify
at least the proximal nerve end is important. If the distal ends
cannot be found, then the proximal end should be cauterized,
crushed proximally (to move the regeneration front away from
the cut end), and transposed in a loose loop, deeper into a rela-
tively immobile muscle plane. These injured cutaneous nerves
may also be harvested for use as “spare parts” graft material for
repair of nerves of more critical function.

Neuropathic pain medications, such as gabapentin, nortrip-
tyline, or pregabalin, should be started at the time of injury
and titrated as needed to control pain after surgery. These
should be used in conjunction with anti-inflammatories, mus-
cle relaxants, and narcotics. Early referral to a pain specialist
can be helpful not only for medication management but also
for performance of both pre- and postoperative nerve blocks.
Indwelling supraclavicular catheters can also be placed for
instillation of continuous local anesthetic perioperatively.
Later, stellate (sympathetic) ganglion blocks can provide signif-
icant pain relief and even help prevent progression to complex
regional pain syndrome (CRPS).

Finally, physical therapy can be a powerful adjunct.
Techniques such as desensitization and graded motor imagery
can assist with pain control. Additionally, following repair, insti-
tution of early nerve gliding exercises (even within the limited
movement required to protect muscle and/or tendon repairs)
helps ensure that newly repaired nerves do not heal encased
and tethered in scar.

27.4 Technique for Nerve Harvest
and Repair

27.4.1 Sural Nerve Harvest

The patient may be positioned prone for bilateral har-
vest (supine may be used for one-sided harvest or in children/
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Fig. 27.3 Bilateral sural nerve harvest. Incisions are noted poste-
rior to the lateral malleoli, anterior to the Achilles tendons. Prone
positioning of the patient facilitates harvest when bilateral sural
nerves are to be obtained. Later, proximal incisions were made
to allow harvest of both sural nerves to the level of the posterior
knee. (Reproduced with permission of nervesurgery.wustl.edu.)

smaller patients). The sural nerve is identified, through an
incision posterior to the lateral malleolus (> Fig. 27.3) running
with the lesser saphenous vein, just lateral to the Achilles ten-
don. Harvest is performed with the assistance of a nerve strip-
per (do not substitute the tendon stripper, which will transect
the nerve) to free the nerve from surrounding tissues without
requiring an extensive incision along the posterior leg. Several
small incisions may be needed proximally along the course
of the sural nerve to free branches that prohibit smooth use
of the stripper. The proximal end of each harvested nerve is
marked.

27.4.2 Upper Extremity Nerve Repair

Left Upper Extremity

The identified, transected MABC and LABC nerves are noted to
be of excellent quality and are harvested for use as autograft.
The new proximal stump of each nerve is cauterized, crushed
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proximally with a hemostat clamp, and transposed to lie loosely Rig ht Upper Extremity
in a proximal muscle belly. The proximal and distal stumps of
the median and radial nerves are prepared for cable grafting by
bread-loafing until healthy fascicular patterns are visualized on
cross-section (> Fig. 27.4).

The proximal and distal stumps of the ulnar nerve are prepared
for cable grafting by bread-loafing until healthy fascicular pat-
terns are visualized on cross-section (> Fig. 27.5). Aggressive
trimming is critical.

27.4.3 Nerve Grafting

Given their size, the median, ulnar, and radial nerves must be
repaired using multiple cable grafts (> Fig. 27.6). For each, the

“Proximal
|

Fig. 27.4 Left upper extremity following muscle and nerve 4 Distal ' Proximal
debridement. Proximal and distal median and radial nerve stumps :

have been serially bread loafed back until soft, nonecchymotic Fig. 27.5 Right upper extremity following muscle and nerve debride-
nerves ends with clear fascicular patterns are identified. (Repro- ment. The proximal and distal nerve ends have been serially bread
duced with permission of nervesurgery.wustl.edu.) loafed back. (Reproduced with permission of nervesurgery.wustl.edu.)

Fig. 27.6 Schematic of preparation of cable
grafts. The cable grafts can be prepared on a
back table by one team while the other team
flips a patient from prone to supine (in the case
of sural nerve harvest) or while the second
team is preparing the in vivo nerve stumps for

measure
diameter

X 5 coaptation. (a) Measure gap distance between
proximal and distal nerve stumps (x) and add

a measure length of gap approximately 1 cm. (b) Fold nerve graft back
and add ~1cm on itself in equal lengths of x + 1 (generating,

in this schematic, five cables). The number
i of cables required to match the diameter of
X | +1/2cm the injured nerve (y) can be best estimated

+1/2.cm
D4 measure by Femporarlly placing t.he autograft folded
( diameter on itself next to the native nerve to see how

few scattered 9-0 nylon epineurial stitches can
be used to keep cables approximated to one
another side by side. (Continued)

) of graft they approximate one another in size. (c) A

o
coil graft to get (example)

5 equal length, then cut and
lay out like a log raft

( - ot )
roll t st ;
up 2 #

( |

( 2 =

place a few scattered side to side
C epineurs sutures to hold together raft
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add fibrin glue

Fig. 27.6 (Continued) (d) Roll up cablesin a
piece of Esmarch. Add fibrin glue to hold cables
in the newly created tubular construct. Ensure
that cables remain parallel, such that they

do not cross or twist around one another.

(e) Unroll Esmarch and trim ends of cable

construct, removing excess fibrin glue. (f) Insert

construct into nerve gap, avoiding twisting
of cables to ensure that proximal and distal

roll up in Esmarch

topography of native injured nerve is aligned as

d accurately as possible. Following coaptation of
cable construct to proximal and distal stumps
of injured nerve, reinforce coaptation sites

unroll with additional fibrin glue. Keeping a piece of
Esmarch or blue background underneath the
coaptation sites until the fibrin glue has set
.:@L 3@4 ' will help prevent the graft from adhering to
%é H surrounding structures.
1
¥ -
trim ends and excess
fibrin glue
e insert into nerve gap

Cable graﬂ'ft.
v with fibrindglue, s

; ! T Proximal
Cable'graft (4 cables) with fibrin glue

Fig. 27.7 (a) Left and (b) right upper extremity nerve repairs. (a) The left median and radial nerves have each been repaired with an interposed
six-cable grafts. (b) The right ulnar nerve has been repaired with an interposed four-cable graft. All proximal and distal coaptations were per-
formed with 9-0 nylon suture and reinforced with circumferential application of fibrin glue following suture repair. (Reproduced with permis-

sion of nervesurgery.wustl.edu.)

number of cables required to match the diameter of the injured
nerve is determined.

The prepared cables are interposed in the nerve gaps,
reversed such that the proximal ends of each segment of
autograft is coapted to the distal stump of the nerve being
repaired. This is done to avoid loss of regenerating axons
that may occur through branching that may be present on
the donor autograft. Coaptations are performed using 9-0
nylon epineurial sutures, careful to avoid bunching or escape
of fascicles. Coaptations are reinforced with fibrin glue
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(»Fig. 27.7). Prior to final trimming and coaptation in the left
upper extremity, the elbow is moved through its full range of
motion with the cable graft laying in place to ensure that there
will be no tension on the repair even with the elbow in full
extension.

27.4.4 Tendon and Muscle Repairs

The right FDS and FCU muscle bellies were not repaired. This
was done to allow the patient use of at least one hand and to
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VIl Problems with Nerve Repair

decrease postoperative pain by institution of nerve gliding
exercises. On the left, the biceps was repaired at the musculo-
tendinous junction and the brachialis muscle belly was coapted
(not depicted).

27.5 Postoperative Care and
Critical Evaluation of Results

The patient is maintained on neuropathic pain medication
and a physical therapy regimen as detailed earlier. Physical
therapy is continued for pain control (desensitization and
graded motor imagery) and, after 48 to 72 hours of postop-
erative immobilization to permit some resolution of edema,
passive range of motion is started. Due to the biceps repair,
the left elbow should be ranged from 90 degrees of flexion to
full flexion, within a protective splint, to promote nerve glid-
ing while protecting the musculotendinous repair. Range of
motion of the right upper extremity is also begun, but with
fewer restrictions.

Meticulous nerve repair (tension-free repair with the use
of cable grafts, interposed between nerve stumps outside of
the initial zone of injury), combined with initiation of neuro-
pathic pain medication at the time of injury may help avoid

neuropathic pain following nerve repair. Additionally, a pre-
and/or postoperative stellate ganglion block may be bene-
ficial for preventing significant postoperative neuropathic
pain. Early postoperative physical therapy for desensitization
or graded motor imagery as well as referral to a pain spe-
cialist should be considered for patients at the first sign of
neuropathic pain.

After treatment (> Fig. 27.8), this patient had minimal pain
on the right; distal ulnar nerve function had not yet appeared
on last examination (clawing of the right small finger can be
appreciated in the follow-up photograph). The left side con-
tinued to show evidence of evolving CRPS—hyperemia, diffuse
swelling, and shiny smooth skin. The condition was slowly
responding to intensive therapy and stellate blocks. Further
distal decompression at known sites of nerve compression is
planned once regeneration progresses and will be dependent
on her work schedule. She has successfully returned to work
and some leisure activities.

27.6 Teaching Points

* Nerve pain is challenging and requires a multimodal treat-
ment approach. This includes surgery, medication, therapy,
and other strategies.

Fig. 27.8 Postoperative images of (a) dorsal and (b) volar bilateral hands at 4 months. Clawing of the right small finger is evident, as expected
given the right ulnar nerve transection. The left hand depicts common clinical signs of complex regional pain syndrome (CRPS): hyperemia,
diffuse edema, and shiny slick skin. Note the loss of the rhytids at the joints on the left. There is also profound stiffness of the left side with
decreased passive and active range of motion (not depicted). (Reproduced with permission of nervesurgery.wustl.edu.)
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27 Pain following Nerve Repair

* Do address “minor” sensory nerve injuries in the setting of
major upper extremity trauma (e.g., look for and address
transection of the medial and lateral antebrachial cutaneous
and other nerves); prevention of painful neuromas is critical.

* Be patient—nerve regeneration, motor and sensory reeduca-
tion, and strengthening can take years to plateau.

* Plan carefully—book all day in the operating room for most
major nerve repair cases. Graft harvest and preparation along
with the primary injury site exploration, trimming the dam-
aged nerve ends, inset of graft, and microsurgical repair are
tedious and take time if done well.
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28 Finger Contractures

Yan Chen and Peter M. Murray

28.1 Patient History Leading to
the Specific Problem

The patient is a 23-year-old man who was involved in a motor-
cycle accident sustaining a left femur fracture, left bone forearm
fracture, and left brachial plexus palsy. Physical examination as
well as neurophysiologic studies and CT/myelogram indicated
avulsion injury of nerve roots C5, C6, and C7. After a period of
observation, the patient recovered 4/5 function of the C8 and T1
nerve root (lower trunk) innervated muscles. At 6 months post-
injury, the patient underwent a left brachial plexus exploration
and spinal accessory to suprascapular nerve transfer as well as
a partial ulnar nerve to biceps branch of the musculocutaneous
nerve (Oberlin’s transfer).

At 18 months postsurgery, the patient has regained only lim-
ited elbow and shoulder animation (> Video 28.1) while devel-
oping a claw deformity of index, long, ring, and small fingers.
The patient is limited functionally by the claw deformity in that
he has little functional use of the hand and is unable to grasp
objects, despite his ability to flex the digits.

28.2 Anatomic Description of the
Patient’s Current Status

On physical examination, the patient demonstrates prominent
claw deformities of the index, long, ring, and small fingers. He
has flexor digitorum profundus function but no interosseous
muscle function, owing to the incomplete nature of his lower
trunk injury (> Video 28.1).

The metacarpophalangeal (MCP) joints of index, long, ring,
and small fingers are fixed in 40 degrees of hyperextension,
while the proximal interphalangeal (PIP) joints have range of
motion as follows:

* Index finger: -60/100 degrees.
* Long finger: -45/100 degrees.
* Ring finger: -45/100 degrees.

» Small finger: -45/105 degrees.

28.3 Recommended Solution to
the Problem

« Full passive motion of the PIP joints should be restored pre-
operatively through a structured hand therapy program.

* Due to the relative weakness of the flexor digitorum sublim-
is (FDS) muscles, transfer of the FDS to the lateral bands of
the individual digits will not achieve the desired result of PIP
extension with MCP flexion.

* Volar MCP joint capsulodesis is performed to prevent MCP
joint hyperextension and improve grip.

28.4 Technique

Through a volar transverse incision in the palm at the level of
the distal palmar crease, the flexor tendon sheath is isolated.
The A1 pulley is released, the flexor digitorum profundus and
FDS tendons are retracted, and the volar capsule of the MCP
joint is identified. A distally based flap of the volar capsule of
the MCP joint is created. A single suture anchor is placed in the
metacarpal neck with attached a 2-0 braided suture. The dis-
tally based flap is advanced to the extent that the MCP joint is
placed in the resting position of 0-degree extension. The distally
based flap is then secured to the neck of the metacarpal using
the 2-0 braided suture attached to the previously placed suture
anchors (> Fig. 28.1). The procedure is repeated for each of the
MCP joint indicated for claw deformity correction. In this case,
the index, long, ring, and small finger MCPs were corrected.

28.5 Postoperative Photographs
and Critical Evaluation of Results

At 3 months postoperative, the distal palmar incision was well
healed. The MCP joints of the index, long, ring, and small fingers
had been maintained to O-degree extension (»Fig. 28.2). The
patient had the ability to flex the digits at PIP in order to grasp
as an assisting hand, which was the goal of surgery. The patient’s
grasp has been made more functional with the correction of the
MCP hyperextension

28.6 Teaching Points

* Ulnar nerve palsy or lower trunk palsy is a severe injury.

* Clawing of the digits resulting from ulnar nerve palsy or
lower trunk palsy creates a functionally compromising hand
deformity.

* Correction of the MCP joint hyperextension can be accom-
plished by advancement of the volar MCP joint capsule.

* The goal of claw deformity correction is to restore func-tional
use of the hand for assistance in activities of daily living.
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Al pulley
—\/\/ A distally based
Micro-Mitek / flap of the
anchor volar plate

Fig. 28.1 Surgical technique of volar capsular advancement.

Fig. 28.2 (a, b) Post-op appearance of the left

' hand following capsular advancement with
~ correction of claw deformity.
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29 Incomplete Resection of Sarcoma at the Hand

Bjérn Behr and Marcus Lehnhardt

29.1 Patient History Leading to
the Specific Problem

An 88-year-old woman presented in our clinic with a painless
lump in the proximal phalanx of her left ring finger. She reported
that, because of the tumor, she was operated on the same finger
3 months previously in an outpatient setting. During the pre-
vious procedure, the team attempted to remove the tumor, but
were interrupted. The swelling did not disappear and increased
since the intervention. Recently, the finger started to become
painful. The previously excised tissue was histologically ana-
lyzed. The diagnosis of a chondrosarcoma with G2 grading was
established. Surgical margins were not evaluated; therefore, the
resection status was unclear.

29.2 Anatomic Description of the
Patient’s Current Status

The patient presented with a 2 x 3 x 1 cm large mass at the
radial aspect of the proximal phalanx of the left ring fin-
ger (> Fig. 29.1a, b). At inspection, there was an apparent ulnar
displacement of the finger because of the tumor. There was an
oblique scar on the ulnodorsal border of the finger from the
previous surgery. Circulation and sensitivity of the finger were
intact. On X-ray examination of the finger in anteroposterior
and lateral views, the proximal phalanx showed a pathologi-
cal fracture, signs of osteolysis, and a potential invasion of the
soft-tissue tumor in the bone (> Fig. 29.1c, d). In the MRI scan,
which was performed before the initial surgery, the tumor
semicircumferentially enclosed the proximal phalanx from
dorsally (> Fig. 29.1e, f).

29.3 Recommended Solution to
the Problem

When treating patients with sarcoma of the hand and forearm,
we typically aim to receive clear (negative) margins. Moreover,
we routinely check for distant metastasis, which usually occurs
in the lungs. Thus, initially a pulmonary CT scan was performed.
Given the destruction of the proximal phalanx, the size of the
tumor and the accompanying pain, we recommended to perform
an amputation by exarticulation of the ring finger at the level of
the metacarpophalangeal joint. The patient demanded a simple
solution, so we did not discuss and evaluate in detail techniques
such as a ray transposition in order to reduce the generated gap.
Transpositions have mixed results in many hands; therefore, we
aim to adapt our recommendations according to the patient’s
situation. When performing an exarticulation, we wanted to
ensure we had sufficient skin and soft tissue for defecting cover-
age; otherwise, a local flap such as a reversed dorsal metacarpal
artery would have been necessary. Intraoperatively, there was a
moveable layer surrounding the tumor, thus ensuring an excision
without the necessity of flap coverage.

29.3.1 Recommended Solution to the
Problem

* Confirming the diagnosis with biopsy.

« Staging of the patient and presentation of the case in an
interdisciplinary tumor board.

» Tumor resection with clear margins.

« Exarticulation of the affected finger at the level of the meta-
carpophalangeal joint.

« Sufficient soft-tissue coverage.

Fig. 29.1 (a, b) Preoperative photos of the patient showing a large mass on the radial aspect of the proximal phalanx of the left ring finger.

(c, d) Preoperative X-rays of the mass. (Continued)
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29 Incomplete Resection of Sarcoma at the Hand

Fig. 29.1 (Continued) (e, f) Preoperative MRI
of the involved area.

Fig. 29.2 (a) The resected ring finger. (b) Intraoperative situs after exarticulation of the ring finger in the metacarpophalangeal joint.

29.4 Technique

The patient was operated in the supine position and under tour-
niquet control. Incisions were planned in order to have a sufficient
palmar soft-tissue filet to close the resulting defect. The exartic-
ulation was approached from dorsally by dividing the extensor
tendon and incising the collateral ligaments. Then, the palmar
incision was performed, the neurovascular structures were sacri-
ficed, and both flexor tendons grasped and shortened (> Fig. 29.2).
In the cases that do not require amputation, the relationship of
the tumor to the surrounding tissue cannot be as easily assigned
as in the current case. Pinning of the resected tissue on a labeled
corkboard may be advisable in these cases. Importantly, the
instruments and gloves are changed at this point, the tourniquet
is opened, and hemostasis is achieved. Then, the wound is closed
and a dressing is applied.

- printed on 2/11/2023 6:02 PMvia .

29.4.1 Steps for the Procedure

1. Dorsal incision and division of the extensor tendon.

2. Incision of the collateral ligaments.

3. Palmar incision (with preservation of a palmar filet) and
sacrifice of the neurovascular bundles.

4. Shortening of the flexor tendons.

Hemostasis.

6. Wound closure with the palmar filet.

b

29.5 Postoperative Photographs
and Critical Evaluation of Results

After histological evaluation of the finger, the diagnosis of
a chondrosarcoma with G2 grading was confirmed. Clear
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X Sarcoma

margins were confirmed by the pathologist. The wound healed
uneventfully and the patient regained full range of motion of
the remaining fingers. Fortunately, postoperative complica-
tions such as neuroma or phantom pain did not occur. Scaring
was uneventful (»Fig. 29.3). The interdisciplinary tumor
board recommended adjuvant radiation, which was declined
by the patient.

The patient was then scheduled for regular follow-ups: clinical
examination every 3 months, as well as MRI scans with contrast
imaging to control local recurrence and chest X-ray to evaluate
occurrence of distant lung metastasis. In our department, the
interval is prolonged to semiannual in case of tumor-free sur-
vival after 2 years for an additional 3 years.

Fig. 29.3 (a-d) The patient is seen here
3 months postoperative.

29.6 Teaching Points

* Preoperative imaging (MRI of the local tumor, chest CT or X-ray
to evaluate for distant metastasis) is necessary for sufficient
planning of the operation. We recommend CT for initial exam-
ination and X-ray for follow-up.

» Negative margins are the most important prognostic factor
and should be tried to achieve.

» However, resection does not have to be wide.

* Functional aspects, especially when operating at the upper
extremity, need to be carefully evaluated and should be
tailored to the patient-specific condition.
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30 Perfusion Problems

Charles Yuen Yung Loh, Yu-Te Lin, and Fu-Chan Wei

30.1 Patient History Leading to
the Specific Problem

A 53-year-old man previously sustained a crush injury to his
dominant right hand, resulting in soft-tissue lacerations to
the zone 2 region of his right index finger. After initial repair
of his flexor digitorum profundus (FDP) of the index finger, he
developed severe tendon adhesions that necessitated tenolysis
shortly after. Unfortunately, he developed a secondary FDP rup-
ture during mobilization at home later. This was treated with a
tendon graft procedure, followed by an A3 pulley reconstruc-
tion. After several months of rehabilitation, the range of motion
(ROM) at his proximal interphalangeal joint (PIPJ) remained
poor with a flexion contracture (> Fig. 30.1a). A decision was
made to surgically release the dense scarring over the PIP] as
part of a flexion contracture release. After surgical excision of
scar tissue and adhesions, a 3 to 4 cm x 2 cm soft-tissue defect
was formed over his zone 2 right index finger (> Fig. 30.1b).

30.2 Anatomic Description of the
Patient’s Current Status

The zone 2 region of a finger was affectionately known as “no
man’s land” by hand surgeons. This is due to the numerous
structures contained within the section of the finger directly
over the PIP]. The decussation of the flexor digitorum superfi-
cialis (FDS) and passing of the FDP occur at this region, along
with bilateral neurovascular bundles and a thick fibrous struc-
ture known as the volar plate. All these structures contribute
to its bulky contents that make soft-tissue coverage over this
region particularly tricky.

The complex nature of this case comes from multiple previ-
ous soft-tissue repair procedures along with tendon grafting and

pulley reconstruction. As a result, tendon adhesion and dense
fibrosis occur, necessitating surgical release. Flexion contracture
release requires excision of all fibrotic scar tissue in order to ade-
quately straighten the joint, allowing for smooth tendon excur-
sion. The result is a full-thickness defect with exposure of vital
structures including the radial and ulna neurovascular bundles.

30.3 Recommended Solution to
the Problem

Reconstructive options should take the above into consider-
ation to provide adequate coverage that should ideally also
contain supple tissue to avoid recurrence of adhesions and con-
tracture. Local flaps, homo- or heterodigital in this case, were
unlikely to provide the soft-tissue quality or quantity required
for adequate coverage. A free medialis pedis flap may be con-
sidered in reconstructing such a defect, but it will create new
donor site wounds on the foot. A thin, pliable free flap would be
most suited for this case and we chose to use a free venous flap
harvested from the ipsilateral forearm.

Conventional venous flaps are notorious for their unrelia-
ble perfusion. We utilize a technique of “shunt restriction” and
apply them to venous flaps, which increases their reliability and
perfusion to the whole flap.

30.3.1 Recommended Solution to the
Problem

* Adequate soft-tissue coverage is required over zone 2 finger
defects.

* A venous flap fulfills the requirements needed in this case—
thin, pliable, and adequate in size, often similar in thickness
to soft tissue over a finger.

Fig. 30.1 (a) Fixed flexion contracture of the right index finger over his proximal interphalangeal joint (PIP]). (b) Intraoperative photograph
following release of the fixed flexion contracture and dense scarring of soft tissue impairing PIP| movement. A resulting soft-tissue defect over

the zone 2 region is seen.
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* There is minimal size mismatch between distal forearm veins
and the digital arteries and veins.

 Donor site can be kept to the ipsilateral forearm with mini-
mal donor site morbidity.

* Reliability of venous flaps can be enhanced using a technique
known as “shunt restriction.”

30.4 Technique

Venous flaps are designed conveniently in the forearm of the
patient. They most likely can be closed primarily with minimal
donor site morbidity. Careful planning of the venous pattern can
be done preoperatively with the aid of near-infrared scanners.
An afferent vein refers to the vein that carries blood entering
the flap, whereas an efferent vein refers to the veins that carry
blood away from the flap. An efferent vein and an afferent vein
to the flap have to be established and, if needed, an added effer-
ent vein can be anastomosed. In order to prevent arteriovenous
(AV) shunting of blood within the venous flap, “shunt restric-
tion” using a hemoclip within the flap should be performed
(»Fig. 30.2). AV shunting results in bypass of arterial blood
directly through the flap without perfusion of the flap. When a
buildup of blood occurs within the flap, it cannot drain through
the efferent end of the flap due to the high intravascular pressure
resulting from the AV shunting of blood. When “shunt restric-
tion” is applied, the distal 50% or so of the venous network col-
lapses initially. Arterialized blood from the afferent end enters the

Arterialized vein

Hemoclip

Drainage vein

Fig. 30.2 Schematic diagram of “shunt restriction” of H pattern—
type venous flaps as shown in the case. A hemoclip is placed
between the connecting branches of the superficial veins.
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flap and is forced through the flap tissue. When buildup of blood
occurs, pressure within the flap forces blood to flow through the
low-pressure valveless venules within the venous network and
exits the flap via the efferent vein after tissue perfusion.

30.4.1 Steps for the Procedure

1. Preoperative marking of superficial veins in the forearm
required (> Fig. 30.3). Design of skin paddle should incor-
porate the various types of superficial vein patterns. The
use of commercial near-infrared scanners can help locate
veins and facilitate flap design. A template of the defect
can be first drawn on a sheet of Surgilon. The template,
which is made of translucent material, can then be placed
on the marked venous network of the forearm. The ori-
entation of the flap can then be adjusted according to the
pattern of the veins where as many veins as possible are
included within the flap design.

2. The afferent and efferent veins should be identified in
the flap and within the flap itself, the vein should be
examined and “shunt restriction” using a hemoclip can be
performed at roughly 30 to 40% of the total intraflap dis-
tance of the venous network (afferent to efferent) within
the flap (> Fig. 30.4). By clipping and preventing shunting
of arterialized blood, venous return is encouraged into the
remaining portion of the draining vein as arterial blood is
forced into the flap and its only path of return would be
through the collapsed distal venous network and through
the efferent vein of the flap.

3. Atemporary K-wire is placed across the PIP] to keep the
joint in extension, which is crucial in the recovery phase
to prevent kinking of vessels.

4. Adigital artery is then chosen and anastomosed to the
afferent end of the venous flap. With the use of shunt
restriction, only one afferent and efferent vein each are
required normally. A second efferent vein may be consid-
ered where the venous flap serves a flow-through purpose
where distal perfusion of the digit is required (> Fig. 30.5).

30.5 Postoperative Photographs
and Critical Evaluation of Results

Arterialized “shunt-restricted” venous flaps can be monitored
as per any other free flap. During the immediate postoperative

Fig. 30.3 Photograph demonstrating the preoperative venous flap
design with an H pattern of superficial veins within the flap of size
2.5cm x4 cm.
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Hemoclip
for shunt
restriction

Hemoclip for shunt
restriction -

A total of 100%
intra-flap venous
network distance

40% Distance

Fig. 30.4 (a) Design of the harvested venous flap. (b) Schematic diagram explaining the intraoperative design of the venous flap for “shunt
restriction” and where to place the hemoclip according to intraflap total vessel length division.

Fig. 30.5 Inset of the venous flap into the zone 2 defect post
contracture release with arterialized vein bridging the ulna digital
artery of the index and the outflow of the flap connected to a
superficial vein.

period, it was found that the venous flap had turned pale with-
out any inflow (> Fig. 30.6). The patient was immediately taken
back to the operating room for re-exploration under an axillary
block to relieve vasospasm. It was found that the arterial anas-
tomosis had inadequate blood flow and a segment of the ulna
digital artery was resected and re-anastomosed to the venous
flap. The segment was found to have signs of intimal separa-
tion possibly from the crush injury previously, which affected
the blood flow across the anastomosis. After a redo, the venous
flap was well perfused immediately with a capillary refill of
2 seconds and restoration of a pinkish hue.

For a small venous flap, a flow-through pattern (along the
valve) has been recommended by other study in the literature.
The arterial flow may bypass the flap through the AV shunting,
which reduces peripheral perfusion resulting in increased flap
ischemia. On the other hand, the venous return is impeded due
to the high intravascular pressure of the venous network within
the flap, resulting in flap congestion. Monitoring is also subse-
quently difficult as there is uncertainty regarding usual flap
monitoring methods or Doppler perfusion imaging. In order to
circumvent this, the technique of “shunt restriction” disrupts the
AV shunting of arterial blood, forcing blood through the venous

Fig. 30.6 A pale arterialized venous flap with no bleeding, sug-
gestive of an arterial problem. The patient was taken back for a
re-exploration immediately.

flap, which in turn increases perfusion of the flap. When so, the
blood collected within the flap will be forced to exit the flap
through the now-collapsed distal portion of the venous network
within the flap. This will encourage venous return and hence
allow one to more easily monitor the flap with a lesser degree
of venous congestion, normal capillary refill times, and with
normal parameters of any other arterial free flap (> Fig. 30.7).
A slight degree of epidermolysis can be expected during the
immediate stages postoperatively but resolves when the flap
remodels in its neosite.

A free venous flap can provide a thin and pliable soft tissue
that allows “like-for-like” tissue reconstruction of hand defects.
With adequate rehabilitation, improved and acceptable ROM
can be achieved (> Fig. 30.8).

30.6 Teaching Points

* Venous flaps can provide “like-for-like” replacement of
soft-tissue defects in the hand.

* They are thin and pliable, which allow for unimpeded ROM.

* Veins within the forearm are a similar match in terms of size
to digital arteries and veins.

Al'l use subject to https://ww.ebsco.conitermns-of-use



EBSCChost -

30 Perfusion Problems

Fig. 30.7 Photograph demonstrating some minor epidermolysis
secondary to slow venous drainage in the immediate postoperative
period. This was a temporary phenomenon and the flap remained
pink with good balance between inflow and drainage.

* “Shunt restriction” can improve the reliability of venous
flaps by increasing flap perfusion and encouraging venous
return.

* Flap monitoring of “shunt-restricted” venous flaps is as per
any other free arterial flap, which is an improvement over
conventional venous flaps.
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31 The Bulky Flap

Kelly Currie, Evyn Neumeister, and Michael W. Neumeister

31.1 Patient History Leading to
the Specific Problem

A 38-year-old woman suffered a left upper extremity injury
from motor vehicle collision. The skin was severely traumatized
and much of the flexor mass was avulsed. The medial elbow
joint was exposed. After debridement and thorough irrigation,
the wound on the forearm and upper arm was extensive. The
median nerve was intact but exposed. The flexor digitorum pro-
fundus muscle was intact. The proximal radius was fractured
and temporarily fixated with an external fixator

31.2 Anatomic Description of the
Patient’s Current Status

The traumatic injury to the patient’s left forearm required
serial debridements of nonviable tissue prior to coverage. The
debridement of skin, subcutaneous fat, and muscle (mostly
flexor digitorum superficialis) created a defect with exposed
vital structures including the median nerve and the medial
elbow joint (> Fig. 31.1). The tissue loss was largely volar, from
the antecubital fossa to the volar wrist flexion crease, leaving
the median nerve exposed lying on top of the flexor digitorum
profundus muscle bellies. The anterior capsule of the elbow
was avulsed, exposing the joint. An external fixator was needed
for elbow joint stabilization, spanning from the distal humerus
to the proximal radius. Soft-tissue coverage was required. The
extent of the coverage mandated an enormous amount of tissue
reconstruction.

31.2.1 Management of the Defect

Due to the large area requiring coverage, a fasciocutaneous free
flap was selected for reconstruction. The flap needed to be very

large, limiting the plausible choices for donor sites. An antero-
lateral thigh flap was chosen, providing satisfactory wound clo-
sure (> Fig. 31.2). The flap was debulked three times over the
ensuing 3 years to improve forearm contour.

31.2.2 Donor Site Problem

Inability to close the donor site primarily, due to the need
for such a large flap to cover the forearm defect, necessitated
split-thickness skin grafting to the right leg. This created a
large contour deformity of the anterior thigh (»Fig. 31.3).
Other than a less-than-ideal aesthetic outcome, the nonpli-
able scar created discomfort for the patient during ambula-
tion. The patient was not able to wear shorts without feeling
self-conscious.

Fig. 31.1 A large soft-tissue defect in the forearm with exposed
elbow joint and median nerve.

Fig. 31.2 (a, b) An anterolateral thigh flap was used to close the large defect on the forearm.
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Fig. 31.3 The anterolateral thigh donor defect on the leg is
unacceptable in patients with large body mass index.

31.3 Recommended Solution to
the Problem

Management of a large soft-tissue defect of the forearm with
exposed vital structures requires free tissue transfer. Local
and regional pedicled flap options, such as a large pedicled
abdominal flap, are not adequate for providing complete cover-
age or would require a two-stage approach. A fasciocutaneous
free flap is a great option for such a defect. When considering
the potential need for subsequent operations for functional
improvements, that is, tendon transfers and tenolysis, a fascio-
cutaneous flap is easier to elevate than a muscle flap. The fascial
component provides a “fresh” plane of dissection. Additionally,
the cutaneous portion of the flap provides a more aesthetically
pleasing reconstruction when compared to muscle free flap
with a split-thickness skin graft.

The choice of fasciocutaneous flap should take the donor site
into consideration. Given the vast array of different flaps avail-
able today, donor sites that leave disfiguring defects need to be
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Fig. 31.4 An 18-year-old girl sustained a mutilating injury to the
forearm with fractures to the ulna and radius. There is massive
extensor muscle loss.

avoided. We present next a similar forearm defect from a motor
vehicle collision, although dorsal, in an 18-year-old female
patient (> Fig. 31.4). There is exposed hardware fixation of the
radius and ulna after thorough debridement of the extensor
muscle. The size and depth of the wound necessitate free tis-
sue transfer, preferably with a fasciocutaneous flap for reasons
mentioned previously. When executing any type of flap proce-
dure, whether free or pedicled, primary closure of the donor
site is ideal. There are not many other fasciocutaneous free
flap options that are located in areas that usually have enough
laxity to close as in the deep inferior epigastric artery perfora-
tor (DIEP) flap. This flap was used for forearm reconstruction in
this patient.

31.3.1 Recommended Solution To The
Problem

* Free tissue transfer needed for large surface area coverage.

* Fasciocutaneous flap is the best if additional reconstructive
procedures are planned; it provides a more aesthetically
pleasing reconstruction and it can be debulked.

* Choose flap where donor site can be closed primarily
(i.e., DIEP flap).

31.4 Technique

Perforators to the skin can be identified with a Doppler pre-
operatively and marked on the skin. There is typically a lat-
eral and medial row of cutaneous perforators that come off
of the deep inferior epigastric artery. The flap’s dimensions
and the decision to use a hemiflap versus the entire lower
abdomen are dependent on the defect, as it is not difficult to
close a donor defect spanning from 2 cm above the umbili-
cus to just cephalad to the pubis (> Fig. 31.5a). Dissection is
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Fig. 31.5 (a) A deep inferior epigastric perforator (DIEP) flap was designed on the lower abdomen to minimize the donor morbidity. The DIEP
flap allows the donor site to be closed primarily. (b) The entire lower abdominal flap was elevated on a single perforator.

Fig. 31.6 The lower abdominal donor site is closed primarily leav-
ing an acceptable donor site.

performed through skin and fat and down to the fascia. The
flap is elevated off of the fascia in a lateral-to-medial direc-
tion. Perforators to the skin are identified and preserved.
Once the perforators are chosen that are adequate to perfuse
the flap, they are dissected down through the anterior rectus
sheath and muscle to the pedicle. The deep inferior epigas-
tric pedicle is traced back to its origin off of the external iliac
vessels where it is ligated for flap removal (> Fig. 31.5b). The
superior abdominal flap is dissected off of the fascia to the
costal margin and advanced inferiorly to meet the inferior

skin for closure. The donor site is closed in layers with inter-
rupted absorbable sutures in Scarpa’s fascia and the deep
dermis, followed by an absorbable monofilament suture in
the subcuticular layer.

31.5 Postoperative Photographs
and Critical Evaluation of Results

The donor site is much more acceptable than severe scarring to
the exposed extremity (> Fig. 31.6). The lower abdominal tissue
is redundant in most individuals. Closure of any wound with
a free tissue transfer should take the morbidity of the donor
site into consideration. The reconstructed forearm shows tis-
sue excess, but wound closure was easily achieved (> Fig. 31.7).
Another benefit of the fasciocutaneous flap is that it can be seri-
ally debulked until a pleasing contour has been achieved. She
underwent two debulking surgeries (> Fig. 31.8), followed by a
free functioning gracilis muscle transfer 7 months after injury
to regain active extension (> Fig. 31.9). Debulking procedures
are generally a minimal intervention. It is easier to remove tis-
sue than to manage a tissue deficiency (> Fig. 31.10).

31.6 Teaching Points

* Extensive soft-tissue defects often require reconstruction
with free tissue transfer.

* The choice of flap should respect the resulting donor site
morbidity while achieving the goals of coverage.

* Fasciocutaneous flaps are easier to elevate when secondary
reconstruction is anticipated.

* Anterolateral thigh flaps are robust and can provide a large
amount of tissue, but they can leave a “shark bite” appear-
ance to the thigh.

* The DIEP flap also provides an enormous amount of tissue,
but it offers an acceptable donor site scar in a rather incon-
spicuous area of the lower abdomen.
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Fig. 31.7 (a, b) The deep inferior epigastric perforator flap has been inset on the forearm. The flap is very bulky. It is always easier to remove
tissue than to bring more tissue into a defect.

Fig. 31.9 (a, b) A functioning muscle transfer was tunneled under the flap to provide extension to the digits.

» Employ soft-tissue coverage that minimizes donor site * Debulk the flap with liposuction and direct tissue excision.
morbidity but will optimize recipient site form and * Do not debulk more than 50% of the flap at any one sitting.
function.  Multiple contouring procedures may be required to get the

» Wait for 3 months to debulk flaps to allow tissue to soften final form.

and scars to mature to some degree.
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Fig. 31.10 (a—c) The final outcome following flap debulking and functioning muscle transfer demonstrating good extension of the fingers and
thumb. The patient returned to her reqular activities.

H H Fassio E, Laulan J, Aboumoussa ], Senyuva C, Goga D, Ballon G. Serratus anterior
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Meland NB, Weimar R. Microsurgical reconstruction: experience with free fascia flaps.
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32 Contracture after Acute Trauma Surgery of a Blast Burn

Glinter K. Germann

32.1 Patient History Leading to
the Specific Problem

A 30-year-old man presents after having suffered an explosion
trauma to his left hand a few months ago. The initial treatment
consisted of wound debridement and partial closure of the
wound. The remaining wound healed on secondary intention.

Despite the acute trauma surgery treatment in the local
emergency department and postoperative rehabilitation, the
explosion trauma resulted in a massive deformity of the left
thumb and a contracture of the first web space between the
thumb and the index finger.

Furthermore, the patient complained about neuroma pain
in the digital nerves IIl and IV as well as pain in the remain-
ing distal part of the index finger resulting from inappropriate
soft-tissue coverage (> Fig. 32.1).

32.2 Anatomic Description of the
Patient’s Current Status

The patient showed with a severe skin and soft-tissue contrac-
ture of the first web space (so-called web-space syndactyly)
and concomitant injuries including adduction deformity of the
thumb, limitation of the thumb extension and opposition func-
tion, and carpometacarpal contracture. Being the only opposing
digit against the others, the thumb has a major contribution to
the overall hand function. When the thumb is involved, func-
tional loss of the whole hand is severe. Therefore, the correction
of the thumb’s deformity constitutes the most important part
for a beneficial functional outcome. Adequate length, mobil-
ity, stability, and sensation are the goals