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Preface

With so many advances in our understanding of and success in thumb sur-
gery, the need to provide a comprehensive up-to-date text has been long over-
due. Thanks to the hard work of all contributors, we have been able to provide
detailed explanations, photographs, and surgical results to this comprehen-
sive book on The Thumb with the intent of improving physician practice and
enhancing surgical outcomes. The inclusion of visual descriptions of each
and every available techniques relating to thumb surgeries aims to equip stu-
dents, residents, fellows, and experienced physicians alike with the knowl-
edge and confidence they need to make expedient decisions in the process of
achieving the most favorable results possible for their patients. From the
basic anatomy; deformities and other anomalies in the thumb; problems in
the bone, joint, tendon, and nerves; tumors; and, of course, replantation and
reconstruction, this is a very special book with many special interests.

The surgeons who have collaborated on this book are at the cutting edge
of their field and are world class in their practice, research, and surgical acu-
men. It is to them that we owe a great debt of gratitude. Even, our staffs of
hand surgeons at W Hospital include Young Woo Kim, Hee Chan Ahn, Ho
Jun Cheon, Dong Ho Kang, Hyun Jae Nam, Myung Jae Yoo, Young Seok Lee,
and Tae Kyung Lee. Their hard work in carrying out elective and all night or
weekend emergency operations in over 10,000 cases a year truly make them
the dream team.

Many thanks go to Professors Jae Sung Seo and Sung Jung Kim for their
mental support and also to my respected mentors, Professor Jung Hyun Seul,
See Ho Choi, and Joo-Chul Thn. Much appreciation goes to all contributors
including the teachers of hand surgery, Professor Tsu Min Tsai and Luis R.
Scheker in Louisville, Professor Ulrich Lanz in Munich, Professor Fu-Chan
Wei in Linkou, Professor Suk Joon Oh and Professor Kwan Chul Tark in Korea.

My gratitude goes out to my publisher and helpers, Vinoth Kuppan and
Dinesh Vinayagam, in being patient with this exhaustive process and to
Andrew Miller in his proofreading and revisions to help you, the reader,
understand all that is in front of you.

Finally, I am indebted to all my family who had to endure the many nights
I spent toiling away in the creation of this book and also in my absence as I
carried out surgeries on too many nights and weekends to even consider
counting.

I have dedicated my working life to helping those with developmental
anomalies and those involved in trauma regain as close to 100% physical
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functionality as possible, the thumb playing perhaps the most important role
of all in the futures of my patients. It is with this that I trust you will follow
suit and use the contents of this text to the best of your abilities.

C) /
Q7 yvéfe

Daegu, South Korea Sang Hyun Woo, MD, PhD
July 30, 2018
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History of “Making a Thumb”

Suk Joon Oh

The thumb plays an important role in hand func-
tion. Daily tasks involving pinch, grip, grasp, and
precision handling are more easily accomplished
with an opposable thumb. The causes of thumb
deficiency are traumatic loss and congenital
anomalies.

Attempts to restore thumb function were
recorded as early as 1874, when Huguier [1]
reported on the phalangization of the thumb
metacarpal, which was carried out by deepening
the first web space [2]. In 1900, Nicoladoni [3]
described a reconstruction procedure following
traumatic amputation of the thumb in which a
staged, pedicled transfer of the great toe was per-
formed [2]. Development of microsurgical tech-
niques allowed successful transfer of a toe to a
thumb in monkeys in 1965 [4] and in a human in
1966 [5].

The loss of a thumb results in a notable func-
tional impairment. Multiple reconstructive pro-
cedures have been described to address these
deficits. Compared with no reconstruction, any
procedure is of benefit. However, each of the
described methods offers subtle benefits and
downsides and may be more applicable in certain
situations. A reconstructed thumb ideally will (1)
have adequate length; (2) have a sensate, non-

S.J. Oh (<)
Hallym University College of Medicine,
Chuncheon, South Korea

Department of Plastic and Burn Reconstructive
Surgery, Bestian Seoul Hospital, Seoul, South Korea

© Springer Nature Singapore Pte Ltd. 2019

tender tip; (3) have stability; and (4) be posi-
tioned to meet the other digits, with an adequate
first web space [6]. Littler [7] analyzed these
attributes and believed that although all of them
are important, strategic positioning of the thumb
is the key factor to achieving optimal function.
Emphasizing this, he stated, “It is not the full
length of the thumb, nor its great strength and
movement, but rather its strategic position rela-
tive to the fingers and the integrity of the special-
ized terminal pulp tissue which determines
prehensile status.”

Traumatic Thumb Defect

Lister [8] divided thumb defects into four groups:
(1) acceptable length with poor soft tissue cover-
age; (2) subtotal amputation with questionable
remaining length; (3) total amputation with pres-
ervation of the basal joint; and (4) total amputa-
tion with loss of the basal joint.

1. Amputation at or distal to the interphalangeal
(IP) joint rarely results in a functional deficit.
These cases require a sensate and supple tip,
which can be provided by glabrous and non-
glabrous skin flaps. Glabrous flaps include
Moberg, V-Y advancement [9], Littler’s neuro-
vascular island [10], free toe pulp transfer [11],
and partial hallux transfer [12]. Nonglabrous
skin flaps include the first dorsal metacarpal
artery (Foucher) [13], cross-finger [14, 15],

S. H. Woo (ed.), The Thumb, https://doi.org/10.1007/978-981-10-4400-7_1
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dorso-ulnar or dorso-radial, and distant or free
flaps such as the distally based posterior island
interosseous flap [16], reverse radial forearm
flap [17], free groin flaps [18], and free neuro-
vascular medial plantar flaps [19].

2. Proximal amputation of the proximal phalanx
inevitably results in reduced hand span, diffi-
culty grasping large objects, and fine pinch
limitations. Distal proximal phalanx amputa-
tions often suffice with web-deepening
procedures.

Procedures that provide relative lengthen-
ing without true lengthening have been termed
“phalangization” and use local, regional, dis-
tant pedicled, or free flaps to deepen the web
space. Flap options include Z-plasty (single
[20], four-flap [21]), dorsal rotation [22], and
regional or free flaps including posterior inter-
osseous artery flap, reverse radial forearm
flap, groin flap [23], first web space free flap

of the foot [24], and free medial plantar flap
[19] (Fig. 1.1a—c). In an on-top plasty [25],
adjacent digits are used to extend thumb
length and, in doing so, deepen the first web
(Fig. 1.2a, b). Distraction osteogenesis
described by Matev IB [26] has been used in
the past, but currently alternative options are
preferable.

3. Total thumb amputations with preservation of
the basal joint result in substantial impair-
ment. Toe transfer is a good option for ampu-
tations distal to the carpometacarpal (CMC)
joint and optimally where intrinsic thumb
muscles are intact, providing the most reliable
cosmetic and functional outcome. The proce-
dure requires microsurgical expertise. A toe
free transfer is usually performed as a delayed
procedure to allow the patient time to appreci-
ate the severity of the situation, although acute
transfer has been described with equivalent

Fig. 1.1 Phalangization of the thumb. (a) Mutilated hand
after degloved injury. (b) Harvested medial plantar neuro-
vascular flap. (¢) Harvested twin digital neurovascular flaps
from the ulnar side of the middle finger and radial side of

the ring finger of opposite hand. (d) The first web and palm
covered with medial plantar neurovascular free flap and
insensate tips of the thumb and index finger covered with
flow-through twin digital neurovascular free flaps
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Fig. 1.2 On-top plasty. (a) Thumb amputation with multiple fingers. (b) Postoperative result of neurovascular pedicle
transfer of the distal segment of an amputated ring finger with ray amputation to lengthen the thumb

outcomes [27]. When a future toe transfer is
likely, a local or regional flap is not advisable
during the initial procedure because this may
damage the critical vascular structures. A ped-
icled groin flap is an excellent option.

Trimmed toe transfer was described by Wei
et al. [28] and involves a longitudinal osteotomy
to thin the toe. This has the advantage of replicat-
ing the native thumb size and maintains some I[P
joint movement. Morrison et al. [29] described
the wrap-around flap, which uses the great toe
pulp and nail and a segment of the distal phalanx,
which is transferred with an iliac crest bone graft.
This procedure results in improved cosmesis of
the donor and recipient sites. However, there is
no IP joint movement, and the graft is subject to
resorption. The second toe [30] is not critical dur-
ing the gait cycle and allows the entire metatar-
sophalangeal joint to be harvested. This may be
the only toe transfer possible for more proximal
thumb amputations. Drawbacks include a poorer
cosmetic appearance, the tendency to claw, and
a short nail. Occasionally, because of anatomic
or cultural reasons, free toe transfer is not a pos-
sibility. Alternatively, osteoplastic reconstruc-
tion, pollicization (Fig. 1.3a—c), or lengthening
may be considered. Although possible, meta-
carpal lengthening via distraction as described
by Matev [26] yields only osteogenesis approxi-
mately 3 cm. Although this is still beneficial, bet-
ter alternatives usually exist. Other limitations
include the prolonged length of treatment, poor

cosmesis, and lack of movement. Two thirds of
the metacarpal is required, along with good skin
and a compliant patient.

Osteoplastic reconstruction involves a tri-
cortical iliac crest bone graft (approximately
8 x 50 x 15 mm) that is inserted into the meta-
carpal medullary canal and secured, usually with
Kirschner wires. This is then covered with a pedi-
cled flap, most often a groin flap (McGregor [31]).
(A) tubed pedicled skin flap and bone graft
(osteoplastic) (Nicoladoni and independently
by Noesske [32]); (B) Variations on category A
are skin tube and bone graft in separate opera-
tions (Noesske [32] and Pierce [33]); skin tube
and bone graft in the same operation; bone graft
implanted subcutaneously awaiting its vascular-
ization (Shepelmann [34]) before its transfer with
skin investment to the thumb amputation stumps
(Albee [35]). The author used free neurovascu-
lar medial plantar flap for skin investment [36]
(Fig. 1.4a—c).

Eric Moberg [37] introduced the digital neuro-
vascular pedicle skin island method for sensibility
redistribution in the hand during a discussion of
tactile-sense restoration. This perceptive innovation
provided special coverage to critical areas of sen-
sory deprivation. Not only were intact sensibility
and peripheral circulation restored by this method
but also coniferous skin for protective and more
effective use of the hand. Tactile sense of traumatic
thumb can be restored with free neurovascular digi-
tal flap [38]. Gosset [39] was perhaps the first to use
the neurovascular pedicle finger transfer method.
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Fig. 1.3 Index pollicization. (a) Total thumb amputation —age soft tissue defect. (¢) At 21-year follow-up, this
with exposed second metacarpal bone. (b) Index pollici-  patient used the well-pollicized thumb
zation included with free radial forearm flap for the cover-

Fig. 1.4 Osteoplastic sensate thumb. (a) Mutilated hand  Deformed distal index finger transferred to the amputated
with malrotation deformity of the index. (b) Osteoplastic ~ stump on the third metacarpal head of the middle finger.
thumb reconstructed with a free neurovascular medial  (c¢) Patient achieved good pinch and grasp

plantar flap and the second metacarpal bone graft.
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His selection of the index finger was in keeping
with Iselin’s [40] concept of the ideal procedure for
finger-to-thumb substitution. Hilgenfeldt’s [41]
middle finger-thumb formation method fulfills the
essential requirements for thumb substitution. The
finger was isolated on its neurovascular bundles
with a narrow (unnecessary), longitudinal, pretendi-
nous, palmar skin bridge. A phalangeal length suf-
ficient to complement the thumb loss was
determined precisely. The proximal retracted, scar-
tethered end of the independent long extensor (EPL)
was isolated and sutured to the combined extensor
digitorum communis (EDC) and extensor indicis
proprius (EIP) primarily; the FPL was transferred to
the deep flexor of the transferred finger at a subse-
quent operation.

Congenital Thumb Anomaly

Congenital thumb anomalies are common and have
a major impact given the crucial functional role of
the thumb. When surgery is needed to profoundly
change the prehension apparatus, the main proce-
dure must be performed early, at about 12 months
of age, to coincide with the development of the
cerebral pathways that control grasp. Congenital
thumb anomalies may occur in isolation (e.g.,
duplication, hypoplasia, and aplasia) or in combi-
nation with other defects. The primary objective of
surgery is to improve or restore function [42].

Thumb Duplication

Recognizing and analyzing the duplication is the
first step in management strategy. The classifica-
tion developed by Wassel [43] distinguishes sev-
eral types based on the level of the duplication.
Although this classification is still in use, it is not
sufficient to determine the principles of surgical
management. Additional information required to
that end is whether the duplication is symmetri-
cal (with two digits of identical length and vol-
ume) or asymmetrical (with predominance of one
digit, usually the ulnar-based digit) and whether
there is malalignment in the coronal plane (clino-
dactyly) [44]. Simple excision of a small acces-
sory digit is only very rarely performed. The

main thumb is structurally normal, and its radial
edge is attached by soft tissues to a floating
thumb, which can easily be removed [45, 46].
Choosing between midline fusion of the two dig-
its (Bilhaut [47]-Cloquet procedure) [48] and
reconstruction based on one of the two digits is
the next step in the management strategy. The
choice is only theoretical, however, as midline
fusion is now reserved for strictly symmetrical
type I, II, or III duplication, which is rare.
Reconstruction of a functioning thumb from one
of the two digits is therefore the most widely
used procedure and is performed in all cases of
type IV duplication, which is by far the most
common variant. In this complex technique, great
care is given to a set of elementary procedures
performed in combination with simple excision
of the accessory digit.

Thumb Hypoplasia

The therapeutic management of thumb hypopla-
sia follows a single guiding principle: major
“irreparable” hypoplasia, in which removal of the
thumb with pollicization of the index finger is the
only valid strategy, must be distinguished from
minor hypoplasia, in which the thumb may be
improved or reconstructed. There are five types
of thumb hypoplasia, originally described by
Miiller [49] in 1937. Blauth [50] refined Miiller’s
concept, defining five grades of thumb hypopla-
sia in 1967. The Blauth classification identifies
the variants of thumb hypoplasia and is extremely
useful for planning treatment, yet it is only a gen-
eral guideline. According to the severity of thumb
hypoplasia, its reconstruction requires the release
of the first web space [51], opponensplasty
[52-55], and pollicization [56, 57].

Thumb Agenesis

The work of Matthews [56] and Zancolli [57]
made possible a high degree of surgical excel-
lence in the transfer of the radial-most finger
(preaxial, index) for thumb agenesis. Buck-
Gramcko [58] reported a series of 100 consecu-
tive pollicization operations for agenesis. Certain
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technical considerations of finger transfer in
thumb agenesis, not encountered with traumatic
thumb loss in the normal hand, demand special
attention.
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Anatomy and Biomechanics

Young Keun Lee

Skin

The skin of the thumb on both dorsal and palmar
aspect is the same as that of the fingers. The dorsal
skin arises immediately from the thin skin of the
dorsum of the hand. It has very different charac-
teristics from that of the palmar aspect. It is thin
and mobile over the proximal phalanx and has a
few hairs in the proximal portion. At the interpha-
langeal (IP) joint, it creates several creases when
the thumb is in extension (Fig. 2.1). The dorsal
skin possesses a nail at the distal end of the thumb.
It constitutes an external skeleton for the pulp of
the thumb, thus improving precision handling.
The palmar skin of the thumb is very thick
and hairless and is set off from the skin of the
palm by two flexion creases of the metacarpo-
phalangeal (MP) joint. In abduction of the
thumb, proximal crease roughly continues the
longitudinal line defined by the radial margin of
the index finger. A deep IP joint crease marks off
the skin over the proximal phalanx off from that
of the tip (pulp) of the thumb (Fig. 2.1). It is
firmly attached to deeper tissue layers by
Grayson’s ligaments, which lie proximal to the
IP joint, and Cleland’s ligaments, which arise
from the tendon sheath near the bone and courses
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Fig.2.1 The right thumb. Dorsal and palmar aspect

obliquely and distally, inserting into the skin on
the radial and ulnar aspects of the thumb. These
ligaments prevent the skin from bulging exces-
sively during flexing of the thumb or the grasp-
ing of objects.

The skin on the dorsal aspect of the thumb is
supplied by fine branches of the superficial radial
nerve. The palmar aspect is supplied by the
proper palmar digital nerves from the median
nerve. In contrast to the fingers, the palmar nerves
of the thumb do not give off dorsal branches, but
they normally each branch into three main
branches just before entering the pulp to provide
sensory supply to the palmar skin of the distal
phalanx of the thumb, so the pulp is a true sen-
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sory organ [1]. The normal value of two-point
discrimination of the distal phalanx of the thumb
is 2.5-5 mm.

Vascular Structures

Though there are many variations, the blood sup-
ply of the thumb is mainly made up of the prin-
ceps pollicis artery, the first common palmar
digital artery which is the terminal branch of the
superficial palmar arch and the dorsal digital
artery originating primarily from the terminal
portion of the radial artery before it descents into
the palm of the hand [2—4].

Fig. 2.2 The arterial
supply of the thumb.
(APB abductor pollicis
brevis; FPB flexor
pollicis brevis; ADP
adductor pollicis)

Ulno-palmar digital artery

Princeps
pollicis artery

The princeps pollicis artery is considered to be
a branch of the radial artery or deep palmar arch
and is also called the first palmar metacarpal
artery. It is located between the first dorsal
interosseous and the adductor pollicis (ADP)
muscles and passing deep to the flexor pollicis
longus (FPL) tendon proximal to the MP joint.
And then it divided into two radial and ulnar pal-
mar digital arteries; the ulnar palmar digital
artery is nearly twice as thick as the radial palmar
digital artery (Fig. 2.2) [2].

Both palmar arteries of the thumb communicate
via the digito-palmar arch and the arcade of the dis-
tal phalanx of the thumb. The digito-palmar arch
gives off branches which supply the FPL tendon

Pulp arcade

Digito-palmar
arch

Radio-palmar
digital artery
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via a short vinculum. The distal arcade supplied the
distal phalanx and the nailbed of the thumb.

The dorsal digital arteries of the thumb have a
high variation in their origins and courses. There
are few exceptions; these arteries usually arise
from the first dorsal metacarpal artery, which
itself arises into two or three branches from the
terminal portion of the radial artery before it
descends into the palm. Radio-dorsal arteries
arise from the anatomical snuff box and course
distally along the abductor pollicis brevis (APB),
and they end in a dorsal arterial arcade at the level
of the nail matrix. Ulno-dorsal arteries have vari-
ous origins, such as the first dorsal metacarpal
artery, the dorsal branch of the radial artery, and
branches of the princeps pollicis artery, but they
may be absent in 30% of the population [5, 6].
There are normally anastomoses between the
dorsal and palmar arteries of the thumb at the
level of the head of the proximal phalanx [7].

A well-developed ulno-dorsal venous network
and a less well-developed radio-palmar venous
network provide superficial venous drainage in
the thumb. They drain into the cephalic vein.

Bones of the Thumb

The osteoarticular column of the thumb is formed
from the whole of the lateral ray of the hand
(Fig. 2.3). Therefore, it begins with the scaphoid,
passing then to the trapezium. After this comes
the first metacarpal, and finally it ends with only
two phalanges. Thus, the thumb has an important
characteristic that the column itself articulates
with the rest of the hand at a point much more
proximal than the other digits. Also it is clearly
much shorter than they are, since the tip of the
thumb reaches only the middle of the proximal
phalanx of the index finger.

Trapezium

Trapezium changes its shape from proximal to
distal; owing to this characteristic, it was called
a multiangular bone. The bone is situated at the
radial column of the wrist between the scaphoid

13

Distal
phalanx

Proximal
phalanx

First
metacarpal

Trapezium

Scaphoid

Fig. 2.3 Osteoarticular column of the thumb

and first metacarpal [8]. The proximal surface
is smooth and contains a small, slightly con-
cave facet which articulates with the scaphoid.
The distal surface is oval and saddle shaped and
faced distolaterally. It articulates with the base
of the first metacarpal. The dorsal surface is
elongated and rough and rests in relationship to
the radial artery. The palmar surface is narrow
and rough. At its palmar part is a deep groove,
which is medial and contains the flexor carpi
radialis (FCR) tendon. The groove is bounded
laterally by a tubercle. This surface gives origin
to the opponens pollicis (OPP), flexor pollicis
brevis (FPB), and APB and provides attach-
ment to the two layers of the flexor retinacu-
lum. The lateral surface is broad and rough for
the attachment of the radial collateral ligament
and capsular ligament of the carpometacarpal
(CMQO) joint of the thumb. The medial surface
is large and presents two facets: a large, con-
cave, proximal one, which articulates with the
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Fig.2.4 The left trapezium. (a) From the dorsal aspect, (b) from the palmar aspect, (¢) from the radial aspect, (d) from

the medial aspect

trapezoid, and a small, distal one, which articu-
lates with the second metacarpal (Fig. 2.4).

First Metacarpal

The first metacarpal bone is short and broad [9].
Its long axis diverges distolaterally from the other
metacarpals. It is more anterior and rotated medi-
ally on its long axis through 90°, so that its pal-
mar surface is directed medially toward the radial
side of the second metacarpal and its dorsal sur-
face is directed laterally. The shaft is flattened
and broad, and its dorsal surface is slightly con-
vex. Its palmar surface is concave and divided by
a ridge into a larger lateral (anterior) part, which
gives attachment of the OPP, and a smaller medial
(posterior) part, which gives origin to the radial

head of the first dorsal interosseous muscle. The
base has a characteristic saddle-shaped articular
surface for articulation with trapezium. It has a
small tubercle on its lateral side for the insertion
of the abductor pollicis longus (APL). The head
is rounded and less convex than in other metacar-
pals and is transversely broad. Two articular
eminences are on the palmar surface of the head
for the sesamoid bones; the lateral is larger than
the medial (Fig. 2.5).

The Proximal Phalanx

The shaft of the proximal phalanx is short, tapers
distally, and is convex dorsally. The base presents
oval and concave articular surface. Further, it is
transversely broad and articulate with the
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Fig. 2.5 The left first metacarpal bone

rounded, smooth heads of the metacarpal bone.
The head is smaller than the base and ends in two
condyles, which are dissimilar, the medial one
being more protruding and longer palmarly and
medially than its lateral one.

The Distal Phalanx

The distal phalanx is convex on dorsal and flat on
palmar surfaces. The base is oval, concave articu-
lar surface and articulates with the head of the
proximal phalanx. The head of the distal phalanx
is nonarticular and carries a rough, horse-shaped
palmar tuberosity, called the ungual tuberosity, to
which the pulp of the thumb tip is attached.

Joints of the Thumb
Trapeziometacarpal Joint (TM Joint)

The TM joint of the thumb is a biconcave-con-
vex or reciprocal saddle joint. The trapezial
articular surface is in convex from dorsal to pal-
mar and concave from radial to ulnar, and the
midsagittal diameter is 11.96 = 1.32 mm [10].
The joint surface is actually asymmetrical, and
the articulating surface is located mainly on the
volar aspect [11].

The articular surface of the first metacarpal is
asymmetrical as well. In this surface a groove is
present in the radio-ulnar direction. This groove
forms the concavity of the joint surface. It is
deepest in the center and becomes shallow at the
radial and ulnar extremities. In the center the
groove flares out, forming a widening of the joint
surface in the palmar direction, and it has a trian-
gular beak on its palmar surface. The midsagittal
diameter is 16.03 = 1.27 mm (Fig. 2.6).

The trapezium and first metacarpal articulate
such that the concave surface of the trapezium
opposes the convex surface of the first metacar-
pal. As a result, it configurates an interlocking
appearance and two reciprocally opposed sad-
dles, whose longitudinal axes are perpendicular.
This configuration allows flexion and extension
axis as well as an abduction and adduction axis
[6, 12]. The discrepancy in the diameters of the
articulating surfaces of trapezium and first meta-
carpal implicates the joint stability. As a result,
the bony articular structures provide little inher-
ent constraint for joint stability. Therefore, TM
joint stability mainly relies on the joint capsule,
the reinforced ligaments, and the tendons that
pass the joint. This feature of this joint also allows
for rotation.

The axis of the thumb at the TM joint rests in
a pronated position, flexed approximately 80°
relative to the plane of the other metacarpals.
This optimizes thumb position for opposition to
the pulp of one of the four fingers or all of them
simultaneously.

The capsule of the TM joint of the thumb is
broad and sufficiently lax to allow its wide range
of motion including rotation. Several reinforcing
ligaments are also necessary to provide stability
of the joint through its range of motion. There are
four basic ligaments (Fig. 2.7) [11-13]. Anterior
oblique ligaments arise from the volar tubercle of
the trapezium and extend to the volar beak of the
first metacarpal base. It is under tension in thumb
abduction, extension, and opposition positions. It
is also referred to as the volar ligament of ulnar
ligament. Posterior oblique ligament arises from
a dorso-ulnar eminence of the trapezium and
extends in a palmar spiral to insert with the ante-
rior oblique ligament on the volar beak of the first
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Fig. 2.6 The articular
surfaces in the
trapeziometacarpal joint
of the left thumb

Trapezium

Fig. 2.7 Volar view and dorsal view of the right trapezio-
metacarpal joint. (M [ first metacarpal bone; M II second
metacarpal bone; 7d trapezoid; Tm trapezium; IML inter-
metacarpal ligament; UCL ulnar collateral ligament; AOL

metacarpal. This ligament tightens with the
thumb flexion, abduction, and opposition posi-
tions. The dorsoradial ligament arises from the
dorsoradial eminence of the trapezium and inserts
on the dorsal edge of the first metacarpal base. It
is taut in adduction and flexion positions and also
referred to as dorsal ligament or radial collateral
ligament. The first intermetacarpal ligament tra-
verses the first and second metacarpal bases, and
it is taut in abduction positions. In addition, the

anterior oblique ligament; APL abductor pollicis longus;
DRL dorsoradial ligament; POL posterior oblique ligament).
Volar view (a) and dorsal view (b) of the right trapeziometa-
carpal joint

fibers of the APL tendon close to their insertions
also reinforce the dorsal capsule.

The TM joint provides approximately 60° of
flexion and extension, 40° of abduction and
adduction, and 10° rotation [12]. Flexion is
produced by FPB and OPP and aided by FPL
when the other joints of the thumb are flexed.
Extension is produced by APL and extensor pol-
licis brevis (EPB) and longus (EPL). Abduction
is produced by APB and APL. Adduction is pro-
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duced by ADP. Opposition is produced by APB,
OPP, and FPB that simultaneously flex and pro-
nate the abducted thumb. Interpulpal pressure, or
that generated by digital grasping, is increased by
ADP and FPL [7]. Circumduction is produced by
extensors, abductors, flexors, and adductors act-
ing consecutively in this or reversed order [12].

Metacarpophalangeal Joint (MP
Joint)

The MP joint of the thumb is not a hinge but a
condylar joint. This joint is different from the MP
joint of the other fingers, because it has the fol-
lowing characteristics: (1) it has constant pres-
ence of sesamoids, (2) it has the vicinity of the
insertions of the thenar muscles, and (3) it has
lesser mobility, in the flexion-extension and in
the abduction-adduction planes. These differ-
ences are related to the main role of this joint,
namely, to stabilize the thumb in power grip,
especially by locking the thumb in the grasping
of large objects.

The articular surface configuration of the first
metacarpal head is more quadrilateral and less
sphenoidal than the other metacarpals. The
medial condyle extends slightly more distally
than the lateral condyle, which accounts for the
small amount of pronation that occurs with joint
flexion. The chief difference is that the surface
spreads over the palmar tubercles which protrude
condyle-like (especially the lateral one) to corre-
spond to the sesamoids.

Fig. 2.8 The articular
surfaces in the
metacarpophalangeal
joint of the left thumb

Lateral side

18t Metacarpal

The articular surface of the base of the proxi-
mal phalanx is oval, shallow concave and trans-
versely broad (Fig. 2.8). The difference in the
area of contact between the two articular surfaces
permits usually less flexion and extension (aver-
age 53° of flexion and 8° of extension), and there
is limitation in abduction and adduction (average
10°) than in fingers. Rotation is restricted by its
ligamentous structures.

The capsule of the MP joint of the thumb is
reinforced radially and ulnarly by the collateral
and accessory collateral ligament. Volarly it com-
prises the thick fibrocartilaginous volar plate,
whereas dorsally, the capsule is very thin and
inserts into the dorsal base of the proximal pha-
lanx, along with the thumb sagittal band [12, 13].
The EPL and EPB tendons are intimately associ-
ated with the dorsal capsule and serve to rein-
force it.

The collateral ligaments arise from the ulnar
and radial side dorsolateral region of the metacar-
pal head and run distally and volarly to insert into
the base of the proximal phalanx. The accessory
collateral ligaments arise from more proximal
and volar to the collateral ligaments at the meta-
carpal head. They run obliquely to insert into the
volar plate and the sesamoids, which are also
restrained on the radial side by the FPB tendon
and APB tendon and on the ulnar side by the
ADP tendon and by A1 pulley [14, 15]. The col-
lateral ligaments are taught in flexion and relaxed
in extension, whereas the accessory collateral
ligaments are taught in extension and relaxed in
flexion [14, 16].

Dorsal side

Lateral side

Proximal phalanx
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Fig. 2.9 The articular
surfaces in the
interphalangeal joint of
the left thumb

Lateral side

Proximal phalanx

The volar plate is a thick, fibrocartilaginous cap-
sule and resists MP joint hyperextension. The
edges of the volar plate provide an attachment for
the thenar muscles and collateral ligaments. It orig-
inates at the volar neck of the metacarpal and
inserts into the base of the proximal phalanx. The
proximal one third of the plate is thinner than the
distal portion. The distal portion of the plate is thick
and contains the two sesamoids. They move with
the proximal phalanx during flexion and extension,
and their articular surface matches a corresponding
surface on the head of the metacarpal. The volar
plate is additionally reinforced by the insertion of
the intrinsic thumb muscles into the sesamoids.

Both sesamoids are connected by a stout trans-
verse fibrous band that is part of the fibrous tunnel
within which runs the FPL. Anatomically sesa-
moids also provide insertion points for the intrin-
sic muscles and mechanical advantage for these
muscles by increasing their moment arm and sta-
bility to the FPL as it crosses the MP joint [15].

Interphalangeal Joint (IP Joint)

The interphalangeal joint of the thumb is a simple
hinge joint. It had a single fixed transverse axis,
which passes through the center of curvature of
the condyles of the phalangeal head, around
which flexion-extension movement occurs in a
range of 90°.

In practice, as it flexes, the distal phalanx
undergoes 5—10° of pronation due to the asym-
metry of the two condyles of the proximal pha-
lanx [17]. The medial condyle protrudes further
distally and palmarly than the lateral condyle
(Fig. 2.9). Its ligamentous structure is similar to

Dorsal side

Distal phalan

the IP joints of the fingers. However, the volar
plate is significantly thicker and displaces the
FPL tendon for palmarward from the joint space.
A sesamoid is sometimes embedded in the volar
plate.

Functional Anatomy of the Muscles
and Tendons of the Thumb

The nine motor muscles act on the thumb. Every
joint can be moved by itself or together with oth-
ers. All forces exerted by the muscles act as
dynamic stabilizers of the thumb, facilitating
pinch and grasp function.

It may be divided into two groups:

1. The intrinsic muscles, which are situated in
the thenar eminence and work simultaneously
on the TM, MP, and IP joints. Therefore, they
are responsible for performing the different
types of grip. These muscles include APB,
FPB, OPP, and ADP.

2. The extrinsic muscles, whose muscle bellies
are situated in the forearm. These muscles
include APL, EPB, EPL and FPL. They are
responsible for thumb motion and stability
and are the ones used to release the grip except
the FPL [8, 13, 18-20].

Intrinsic Muscles

Abductor Pollicis Brevis (APB)

It lies directly beneath the skin and radial to the
FPB. It provides the shape and contour of the
radial side of the thenar eminence. APB arises pri-
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marily from the flexor retinaculum. Accessory
bundles of fibers may also arise from the scaphoid
tubercle, the trapezium, and the tendons of pal-
maris longus (PL) and APL [6]. It inserts into the
radial base of the proximal phalanx, the lateral side

FPL

APL

Fig.2.10 Intrinsic muscle of the thumb. (a) Abductor pol-
licis brevis, (b) flexor pollicis brevis, (¢) opponens pollicis,
(d) adductor pollicis. (APB abductor pollicis brevis; FR

of the capsule of the MP joint, and the radial sesa-
moid at the MP joint and onto the dorsal aponeu-
rosis of the extensor pollicis longus (Fig. 2.10a).
The muscle is supplied by the recurrent branch of
the median nerve (95%) or ulnar nerve (2.5%) or

Superficial head

Deep head

ADP
Transverse head

Oblique head

Interosseous
internus

flexor retinaculum; PL palmaris longus; APL abductor pol-
licis longus; FPB flexor pollicis brevis; FPL flexor pollicis
longus; OPP opponens pollicis; ADP adductor pollicis)



20

Y.K. Lee

by dual innervation (2%) [13, 20]. The vascular
supply of this muscle is from the superficial pal-
mar branch of the radial artery and often by a sepa-
rate branch arising directly from the radial artery.
The main function of the APB is abduction and
flexion of the thumb metacarpal, performing the
action of pulling the thumb away from the palm at
a right angle to the palm. In addition it can act as a
secondary flexor in the MP joint and also in exten-
sor in the IP joint via its insertions into the dorsal
aponeurosis of the extensor pollicis longus: prona-
tion of the thumb occurring through the CMC joint
is simultaneous with flexion of the thumb metacar-
pal. These actions produce opposition [18, 20].
Therefore, the APB alone can produce opposition
of the thumb, and it is the most important muscle
of the intrinsic thenar muscle.

Flexor Pollicis Brevis (FPB)

It lies medial to the APB and has superficial (lat-
eral) and deep (medial) heads. The tendon of the
FPL separates the muscle into two parts. The
superficial head arises from the distal border of the
flexor retinaculum and the tubercle of the trape-
zium, passing radially to the tendon of the FPL. It
inserts on the radial base of the proximal phalanx.
The deep head arises from the trapezoid, capitate,
and palmar ligaments of the distal carpal row,
passing deep to the tendon of the FPL, and inserts
into the radial sesamoid and the base of the proxi-
mal phalanx. An expansion of the tendon inserts
onto the dorsal apparatus of the thumb. The vascu-
lar supply of the muscle is from the superficial pal-
mar branch of the radial artery and branches of the
princeps pollicis artery. Innervation of the FPB can
be quite variable; the superficial head is mainly
innervated by the recurrent branch of the median
nerve (60%), whereas the deep head is usually
innervated by the deep motor branch of the ulnar
nerve (Fig. 2.10b). Although the function of the
muscle is not clearly understood, the main func-
tion of the FPB is flexion of the MP joint, exten-
sion of the IP joint, and pronation of the thumb
metacarpal at CMC joint [13, 17].

Opponens Pollicis (OPP)
It is a short and thick muscle that lies mostly deep
into the APB. It arises from the flexor retinacu-

lum, CMC joint capsule, and the tubercle of tra-
pezium and fans out to insert on the whole-length
volar radial aspect of the first metacarpal
(Fig. 2.10c). The vascular supply of the muscle is
from the superficial palmar branch of the radial
artery and branches from the princeps pollicis,
first palmar metacarpal, radialis indicis arteries,
and the deep palmar arch. It is mainly innervated
by the recurrent branch of the median nerve but
can also have dual median and ulnar innervation
or just ulnar nerve innervation. The function of
the OPP is flexion, abduction, and pronation of
the thumb metacarpal. It initiates the movement
of opposition at the level of the thumb metacarpal
and enhances the work of opposition of the APB
[13, 18, 20].

Adductor Pollicis (ADP)

It is the largest, most powerful thenar muscle
and arises by two heads, an oblique and a trans-
verse head. The transverse head is a triangular
muscle arising from the distal two thirds of the
palmar surface of the third metacarpal. The
oblique head usually arises from the base of the
second and third metacarpals, capitate, trape-
zoid, palmar intercarpal ligament, and the sheath
of the flexor carpi radialis tendon. The two
heads converge, and their fibers rotate so that
the transverse head inserts mainly into the ulnar
base of the proximal phalanx and ulnar sesa-
moid of the MP joint, while the oblique head
inserts mainly into the dorsal extensor appara-
tus. An oblique bundle of fibers runs from the
ulnar sesamoid across the FPL tendon and rein-
forces its fibrous sheath (Fig. 2.10d). The vascu-
lar supply of the muscle is from the princeps
pollicis and radialis indicis arteries and branches
from the deep palmar arch. It is mainly inner-
vated by the deep motor branch of the ulnar
nerve. The function of the ADP is adduction of
the thumb metacarpal and extension of the IP
joint via its insertion onto the dorsal apparatus
of the thumb.

First Palmar Interosseous Muscle

It arises from the ulnar side of the base of the first
metacarpal and inserts into the ulnar sesamoid of
the MP joint, and it is often rudimentary [8].
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Extrinsic Muscles

Flexor Pollicis Longus (FPL)
The fibrous sheath for the FPL begins at the wrist
approximately 2.0 cm proximal to the radial sty-
loid and ends just distal to the IP joint [21]. The
fibrous sheath is a double-walled hollow tube and
lined by a thin synovial membrane that provides
a sealed lubrication system containing synovial
fluid. The fibrous wall layer is reinforced by liga-
mentous pulleys. There are three constant pul-
leys: two annular and one oblique (Fig. 2.11).
The A1l annular pulley is located at the MP
joint. It is stronger, 7-9 mm wide, and about
0.5 mm thick. Its proximal two thirds fused with
the volar plate of the MP joint, and its distal one
third fused with the base of the proximal pha-
lanx. The A2 annular pulley is located just proxi-
mal to the IP joint and is fused with volar plate of
the IP joint. It is slightly wider (8—10 mm) but
significantly thinner (0.25 mm). The oblique
pulley begins at the ulnar aspect of the base of
the proximal phalanx and continues in a distal
and oblique direction to end on the radial aspect
of the proximal phalanx near the IP joint. It is
9-10 mm wide and about 0.5-0.15 mm thick.
The proximal end of the oblique pulley arises
from one portion of the inserting tendons of the
ADP. The oblique pulley is the most important

Fig.2.11 The left
thumb flexor sheath

pulley in the thumb for preserving normal flex-
ion of the thumb [21-23].

The inserting tendon of the FPL passes
through the carpal tunnel. At the thenar emi-
nence, it is located between the OPP and the
oblique head of the ADP. It inserts into the pal-
mar surface of the base of the distal phalanx.
During the course, it is accompanied by carpal,
metacarpal, and phalangeal mesotendons that
occur in the form of short and long vincula. The
arterial supply of the tendon arises from the two
digital arteries of the thumb, the princeps pollicis
artery and the superficial palmar arch, and the
accompanying artery of the median nerve [24]. It
is innervated by the anterior interosseous branch
of the median nerve, and the principal function is
flexion of the phalanges. The excursion of the
FPL tendon is 7.7 mm in the MP joint and
10.9 mm in the IP joint. Therefore, a total excur-
sion over the first metacarpal is 19.6 mm.

Extensor Pollicis Longus (EPL)

The tendon of the EPL is formed just proximal to
the wrist and passes through the third extensor
compartment. After it turns around the Lister’s
tubercle, it obliquely crossed the extensor carpi
radial longus and brevis; with slight ulnar dis-
placement, it then continues obliquely to the cen-
ter of the MP joint and past the center of the

A2 pulley

Oblique pulley

= A1 pulley
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proximal phalanx and is attached to the dorsal
base of the distal phalanx.

The transverse retinacular ligament is a thin
membrane that arises from the flexor tendon
sheath immediately distal to the MP joint. It
inserts into the dorsal aponeurosis over the proxi-
mal phalanx. The oblique retinacular ligament
arises from the lateral margin of the base of the
proximal phalanx and from the tendon of the
APB and ADP. It traverses the MP joint palmar to
dorsal and reaches the EPL tendon at the distal
half of the proximal phalanx and inserts the ten-
don into the distal phalanx (Fig. 2.12). Both reti-
nacular ligaments control the dorsal aponeurosis
of the thumb.

EPL is innervated by the posterior interosse-
ous nerve. It extends the distal phalanx and also
extends the metacarpal and proximal phalanx
with the associated action of the EPB and
APL. Due to the obliquity of its tendon, it adducts
the extended thumb and rotates it laterally.

Extensor Pollicis Brevis (EPB)
This tendon runs between APL and EPL and is
inserted into the base of the proximal phalanx

Transverse
retinacular ligament

Radial
sesamoid

Ulnar
sesamoid

ADP

EPB

Fig. 2.12 Dorsal aponeurosis of the right thumb. (FPB
flexor pollicis brevis; APB abductor pollicis brevis; EPB
extensor pollicis brevis; EPL extensor pollicis longus;
ADP adductor pollicis)

(Fig. 2.12). Because the EPB and the EPL tendon
are two separate tendons, it is possible to extend
the MP and IP joints independently of one
another. It is innervated by the posterior interos-
seous nerve. It extends up to the proximal pha-
lanx and first metacarpal.

Abductor Pollicis Longus (APL)

This tendon is formed just proximal to the wrist
and runs under the first extensor compartment,
accompanied by the tendon of EPB. It usually
splits into two slips: one is inserted into the base
of the first metacarpal and the other is inserted
into the trapezium. It is innervated by the poste-
rior interosseous nerve. It is a pure extensor of
the TM joint and abducts the first metacarpal.

Dynamics of Opposition

In terms of biomechanical motion, there are
seven maneuvers in the hand in order to perform
most of the hand function [19]. For the hand
function, the opposition is the most important
function in the thumb. The axis of the thumb has
its foundation at the TM joint and rests in a pro-
nated and flexed position approximately 80° rel-
ative to the plane of the other metacarpals. This
unique position allows opposition of the thumb
to digits.

Thumb opposition involves the complex
motions of abduction, flexion, pronation of the
thumb metacarpal, radial deviation of the proxi-
mal phalanx, and thumb motion toward the fin-
gers. Abduction is moving the thumb away from
the palm. It occurs primarily at the TM joint
approximately 40° to 50° and additionally
occurs at MP joint depending on the degree of
normal ligament laxity and the morphology of
the joint. Therefore, the total abduction of the
thumb is variable. The muscles involved in
thumb abduction are the intrinsic thenar mus-
cles. These muscles include the APB, OPP, and
the superficial head of the FPB. These muscles
act simultaneously on the TM and the MP joints
[18, 20, 25]. APB is the most important muscle
in thumb opposition, but the extrinsic APL con-
tributes little.
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The flexion component of opposition occurs all
at three joints in the thumb. TM joint flexion per-
mits positioning of the head of the thumb metacar-
pal in the same sagittal plane as that of the head of
the middle finger metacarpal. MP and IP joint flex-
ion facilitates the thumb toward the fingers, and it
depends on the sizes of the objects and prehensile
activity. The involved muscles are the intrinsic
thumb muscles. For forceful flexion, there are
important contributions from the ADP and from the
FPL [24]. The pronation component of opposition
occurs simultaneously with flexion and abduction
of the TM joint caused by the configurations of its
articular surfaces and ligaments [10-12].

Summary

The thumb is a very unique portion in the human
body and one of the sites with the most complex
biomechanical system. The functional mobility
of the thumb is the most important part of the
function of the hand. Therefore, a careful under-
standing of the functional anatomy of the thumb
will help physicians to provide the best nonsurgi-
cal or surgical treatment for the impaired hand
function and thumb.
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Duplicated Thumb and Secondary

Deformity
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Introduction

Radial polydactyly of the hand is the second
most common congenital hand disorder, and it
ranges from a vestigial radial skin tag to varying
degrees of splitting to complete duplication. It is
believed to arise from excessive cell prolifera-
tion and disturbed cell necrosis of preaxial ecto-
dermal and mesodermal tissues before the
eighth week of embryonic life. It occurs spo-
radically and unilaterally. Hereditary influence
has not been documented in isolated thumb
polydactyly, although autosomal dominance has
been reported in triphalangism and polysyndac-
tyly. It is difficult to establish the true incidence
of polydactyly because many minor cases are
treated in the nursery by pedicle ligation shortly
after birth. Region, race, and combined numbers
of all polydactylies, or only radial- or ulnar-
sided polydactyly, provide very different inci-
dences in published series. The incidence of
preaxial polydactyly is reported as 0.08 to 1.4
per 1000 live births [1, 2]. The IFSSH
(International Federation of Societies for
Surgery of the Hand) classifies these malforma-
tions in group III [3].
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Classification

Since late 1960, Wassel’s classification [4] is the
most widely accepted and is very simple to under-
stand and remember. It was based on the duplication
level of the bone checked only by simple radiograph.
Recently, nomenclature of this classification has
been changed to “Flatt classification” [5] although
40% of duplicated thumbs could not be classified
using this system [6]. This classification does not
account for the anatomic complexity of congenital
hand differences, including soft tissue deficiencies
and redundancies, axial plane deformities, joint
instability, and functionality. Simple X-ray shows
only bone and soft tissue shadow with limitations in
describing the concrete morphology of the duplica-
tion. Surgeons can imagine only the presence and
shape of the cartilage and joint between bones. In
2013, Chung et al. suggested a new classification
system of the radial polydactyly [7] based on the
anatomic morphology of osseous or chondral con-
nection of the joint and epiphysis. However, they did
not show the true nature of the joint. Modern mag-
netic resonance imaging (MRI) techniques can show
exquisite anatomic detail. Imaging with 3.0 tesla (T)
MR units can show very small field-of-view imag-
ing at high resolution, especially a baby’s diminutive
cartilage and joints (Fig. 3.1). It also can show ten-
dons and vessels in three dimensions. In a certain
type V or VI polydactyly by Flatt classification on
the X-ray, the extra digit is connected to the main
digit by soft tissue alone without any chondral con-
nection. Because this type needs only soft tissue sur-
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1. Bifid distal phalanx

II. Duplicated distal phalanx

I1I. Bifid proximal phalanx

IV. Duplicated proximal phalanx

Fig.3.1 Flatt classification of radial polydactyly based on radiograph and coronal images using 3.0 T system (Achieva,
Philips Medical Systems, Netherlands) magnetic resonance scanner

gery, both operation timing and surgical planning
should be changed (Fig. 3.2).

Of the 1138 radial polydactyly cases of the
senior author (SH Woo) during the last 20 years,
the three most common Flatt types are, respec-
tively, 495 cases of type IV (44.2%), 223 cases of
type II (20%), and 188 cases of floating type
(16.8%) (Table 3.1). In the author’s cases, there
were many cases of thumb duplications that
defied classification, and there was no radial
polydactyly involving carpal bone.

Among many proposed classifications, there
is a new “Rotterdam classification” based on the
triphalangeal components, triplication, hypopla-
sia or floating components, deviation, and sym-
phalangism [8]. This classification includes
designations for complex osseous, and soft tissue
elements may prove more useful in conveying the
full extent of the radial-sided hand deformity and
for informing surgical technique (Fig. 3.3).

Preoperative Considerations:
Operation Timing and Anesthesia

The initial operation for radial polydactyly should be
determined based on the child’s age and overall
health including tolerance for anesthesiology and
the surgeon’s experience or preference. Informed
consent should be dealt on advantages and disadvan-
tages of the surgery as well as the possibility of sec-
ondary surgery. Preoperative discussion with the

parents allows for physical examination and clarifi-
cation of the expected surgical steps necessary for
reconstruction of the new thumb. The potential need
for secondary revision, which can include scar revi-
sion, joint capsule plication, tendon transfer, and
osteotomy with or without joint fusion, is also
informed at the time of initial operation.

The timing and methods of anesthesia of the ini-
tial surgery are very different between cases.
According to the anatomical variation checked by
MRI, complexity of the surgical procedure, method
of anesthesia, and operation timing will be deter-
mined. In addition to MRI, ultrasonography can
show the dynamic images of joint and tendons as
well as location of the flexor or extensor tendons.

Generally, parents want the period of hiding the
baby’s hand with polydactyly to be shortened. The
thumb and index finger function develops at
10-12 months, and coordinated function of the
thumb does not appear until a child is 2-3 years of
age. Developmentally, waiting until the patient is
3 years of age will not alter the function of the
reconstructed thumb when the extra digit is con-
nected to the main digit by soft tissue alone without
any chondral connection, the operation can be per-
formed under local anesthesia with or without oral
sedatives around 100 days after birth. Floating
thumb can be ligated or resected before 1 month at
the outpatient clinic. In Flatt type IV cases, timing
of the operation is recommended at around
8-10 months under general anesthesia. Frequent
surgical procedures include extra digit resection,
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Fig.3.2 (aand b) Radial polydactyly looks like type V. (¢ and d) MR scan (white arrow) and intraoperative view show
no chondral connection between two metacarpal bases
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resection of the radial head of metacarpal bone, and
ligament and muscle repair with or without extensor
tendon transfer. Because all these procedures take
less than 1 hour under a tourniquet, intravenous
sedation with fentanyl and combined injection of
local anesthesia during the procedure are preferred.
This also provides a comfortable situation for the
surgeon as this anesthesia works especially well
where the parents refuse or are averse to endotra-
cheal intubation.

Table 3.1 Flatt classification of the author’s 1138 cases
of radial polydactyly

Type |1 11 m |1 v VI | VI
No. 37 1223 |55 (495 |76 |26 |19

% 3 20 49 442 |67 |23 |16
Floating type: 188 (16.8%)

In cases of required osteotomy and bone fixation
and more proximal radial polydactyly than type V,
surgical procedures may be more complicated. For
this reason, initial surgery is usually delayed until
the child is at least 1 year of age and should be done
under general anesthesia. This minimizes anesthetic
risks and allows time for the thumb growth.

Operative Principles

Except with very simple polydactyly, the surgeon
always reflects upon or regrets the previously
adapted operation method or surgical technique
when the patients having residual deformities in
shape or limited range on the long-term follow-up
irrespective of the initial type. Therefore, the strat-
egy for the initial operation should be ingenious

=
D

Q
Hypoplastic/Floating Deviation Symphalangism
H D S

Type IVHr Type IV D u/r Type IV Su

Triplication Triphalangism  Triplication on different
Tph levels associated with
triphalangism
Type VIT Type IV Tph u Type IVT Il u
(Tph)

Fig. 3.3 The Rotterdam classification of radial polydac-
tyly as described by Zuidam et al. cited with permission
from Zuidam JM, Selles RW, Ananta M, Runia J, Hovius
SE. A classification system of radial polydactyly: inclusion
of triphalangeal thumb and triplication. J Hand Surg Am.

2008;33:373-377. Abbreviations can be used for the differ-
ent associated deformities: 7ph triphalangeal, T triplication,
S symphalangism, D deviation, H hypoplastic or floating
positions of the duplicated parts or deformities are assigned
by the abbreviations u (ulnar), m (middle), and r (radial)
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and creative, not conservative. The surgeon should
apply the “best part” doctrine, in which the most
complete anatomic parts from all duplicated parts
are used to construct a new thumb as normal as
possible [9]. Operation for the radial polydactyly
does not involve the removal of extra digit but
reconstruction of the new thumb with proper func-
tion of the joint and tendons as well as achieving
acceptable aesthetic outcome in length, axis of the
phalangeal bone, and bulkiness of the soft tissue.

Flatt Types land Il

In this type, the deformity is divided into two types
according to appearance. One involves equal com-
ponents for both the radial and ulnar side which
share a common epiphysis or where there are two
epiphyses. The other involves a larger ulnar and
smaller radial component of the distal phalanx.
Selection of the operation method between resec-

tion of smaller or radial component and combina-
tion of the two components is always debated.
The “rule of 70 or 80%” will be the guide to
choose operation technique. If the nail width at nail
fold of the larger component is over 70-80% of the
contralateral thumb, resection of the smaller com-
ponent is reasonable [10]. To excise the smaller
thumb, the incision can be made laterally in an
elliptical shape to result in a straight scar. More lat-
eral incision leaves less conspicuous scars. Surgical
procedure includes ablation of the smaller compo-
nent and shaving of the articular cartilage of the
proximal phalanx. If possible, centralization of the
extrinsic tendons on the distal phalanx and reat-
tachment and reeling of the capsule of the distal IP
joint should be done. At the lateral side distal to the
IP joint, the collateral ligament with periosteal flap
is preserved proximally. If the articular cartilage
was trimmed to produce a flat joint surface, the
joint capsule should be strongly repaired (Fig. 3.4).
Where the longitudinal axis through IP joint is not

Fig. 3.4 (a) The radial component is resected in type II
radial polydactyly. At the lateral side distal to the IP joint,
the collateral ligament with periosteal flap is preserved
proximally. (b and ¢) Suture needle passes the radial car-

tilage of the distal phalangeal bone, and the strong repair
is performed at the joint capsule and collateral ligament
with periosteal flap with nonabsorbable suture
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straight with an oblique joint surface, primary cor-
rective osteotomy is very useful to correct angula-
tion. This procedure involves closing wedge
ostectomy at the neck of proximal phalanx and one
0.7 mm Kirschner wire fixation under C-arm
(Fig. 3.5). In many cases, the proximal nail fold is
not horizontal but slanted, and so simultaneous
eponychial fold plasty helps improve the aesthetic

3

Fig. 3.5 (a and b) Preoperative view of type II radial
polydactyly shows severe divergence of both distal pha-
langeal bones. (¢ and d) Design of ostectomy line on the
thumb and MR scan. The first ostectomy (straight line) is
for resection of radial component and lateral part of the

outcome. The longitudinal incision is made on the
short side of the proximal nail fold in the same
length as the opposite side. The incised eponych-
ium is proximally folded and fixed with half-buried
horizontal mattress sutures (Fig. 3.6).

In cases where the nail width at nail fold of the
larger component is the same size or less than
70% of the contralateral thumb, treatment is more

k. c2f

proximal phalanx. Closing wedge ostectomy (broken line)
is made at the neck of proximal phalanx. (e) Fixation with
two 0.7 mm Kirschner wires under C-arm. (f) Immediate
post-operation. (g and h) Postoperative view and
radiograph
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Fig.3.5 (continued)
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Fig.3.5 (continued)
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Fig. 3.6 (a) Preoperative view of type II radial polydac-
tyly. (b) Slant proximal nail fold after resection of radial
component. Design of nail fold plasty at the junction

complex. The Bilhaut-Cloquet operation of cen-
tral wedge resection is reserved for only Flatt type
I or IT thumbs so that not more than one growth
plate is violated (Fig. 3.7). Commonly this proce-
dure makes an uneven nail bed, a central split
ridge, and an uneven eponychial nail fold.

Flatt Type Il

In this type of radial polydactyly, there are many
factors that should be considered preoperatively,
such as divergence angles of the MP joint, con-
vergence angle of the IP joint, and shape and lon-

between ulnar and proximal nail folds. (¢) Nail fold is
retracted and sutured proximally and ulnarly. (d)
Postoperative view

gitudinal axis of proximal phalanx and metacarpal
bone based on simple radiology. The status of
epiphyseal sharing at the base of the proximal
phalanx as well as eccentric insertion of extrinsic
tendons can be identified with MR scanning. The
shape and width of nail and bulkiness of the pulp
should also be examined.

Postoperative thumb length, girth, and nail
width may influence the aesthetic outcome.
The most common reason for lower satisfac-
tion is angulation; thus, the goal of surgical
reconstruction of radial polydactyly is to create a
thumb that is well-aligned, stable, and of normal
size with appropriate range of motion [11].
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Fig. 3.7 (a and b) Type II polydactyly with very sym-
metrical nail plate and similar size of distal phalangeal
bone on the radiograph. (¢) Longitudinal ostectomy of the
distal phalangeal bone according to the Bilhaut-Cloquet

procedure. (d) Intraosseous wiring of the bone and exten-
sor tendon repair. (e) Immediately after operation, nail
plate and skin closure. (f~h) Post-operation, 10 years later
plus radiograph
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Fig. 3.7 (continued)
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In type III polydactyly with equal or almost
equal size, even though modified Bilhaut-
Cloquet procedures have been introduced [11,
12], complicated surgical technique and
unpromising outcomes are frequently the
results (Fig. 3.8). With the modified technique
of Manske [13] for type II, instead of narrow-
ing the distal articular surface, distal and radial
portion of proximal phalangeal bone should be
preserved to prevent radial angulation of the

Fig. 3.8 (a) Type III polydactyly with very symmetrical
nail plate and similar size of distal phalangeal bone on the
radiograph. (b—d) A zigzag incision matching volar and
dorsal surfaces is made. Small Z-plasty is designed on the
pulp tip. (e) The required width of bone is then excised
from the proximal and distal phalanges, using a fine osteo-
tome, to complete the longitudinal osteotomies. (f)
Transverse bone fixation with multiple 0.7 mm Kirschner

distal phalanx [14] (Figs. 3.9 and 3.10). The
radial collateral ligament along with the carti-
lage is sutured to the ulnar distal phalanx. The
EPL tendon of the retained thumb is augmented
by the EPL tendon of the excised thumb. Fillet
flap from the radial thumb can provide addi-
tional coverage of the radial pulp. The radial
paronychium is also reconstructed with soft
tissue from the excised thumb. The IP joint is
temporarily fixed by K-wire.

wires. (g and h) After key sutures on the hyponychium,
the nail bed is repaired using an 8.0 Vicryl suture. The
extensor and flexor tendons are repaired using a 5.0
Prolene suture. (i-k) The skin is closed with 6.0 Vicryl
Rapide sutures. One nail is firmly replaced between two
nail folds. (I) Post-operation. (m—0) Radiograph of the

thumb preoperative, and

post-operation

immediate post-operation,
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Fig. 3.8 (continued)
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Fig. 3.8 (continued)
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Fig. 3.8 (continued)
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Fig. 3.9 (a) Preoperative view of type Il radial polydactyly. (b) Severe radial deviation of the ulnar distal phalangeal
bone after simple ablation of the radial digit

Fig.3.10 (a and b) Preoperative view of type III radial polydactyly. (¢ and d) The radial proximal phalangeal bone is
preserved to prevent radial deviation of the ulnar distal phalangeal bone after simple ablation of the radial digit
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Fig.3.10 (continued)

Flatt Type IV

From personal data of cases operated by the
senior author (SH Woo) for the radial polydac-
tyly, type IV duplication is the most common.
There are many variations of type IV duplica-
tions. When the ulnar component is straight in
axis and relatively similar in nail size, the radial
component should be excised without undue
concern. In Rotterdam type IV D with severe
divergence at MP joint and convergence of IP
joint, there may be a high incidence of
Z-deformity postoperatively. That’s the reason
why modification of Bilhaut techniques with
longitudinal combination procedures is still
useful to achieve a straight and large thumb
(Fig.3.11). Evenrevision surgery in Z-deformity
requires more technical consideration for recon-
struction, but the postoperative result is not
always promising. According to the divergence
and convergence of the joints, shape of the P1

and metacarpal bone, and volume of soft tissue
and nail shape, different operation options
should be adopted.

The ulnar thumb should always be preserved
because it maintains the critical ulnar collateral
ligament at the MP joint, which is important for
stability during pinch. In easy cases of type IV,
the ulnar thumb is usually bigger than the radial
side in size, and the longitudinal axis of the
ulnar thumb is almost straight (Fig. 3.12). An
elliptical incision is made on the radial thumb
extended proximally in a curvilinear fashion
along the junction between dorsal and volar
aspect. The radial thumb is amputated through
the MP joint preserving EPL and FPL tendon as
well as elevated periosteal flap from the base of
the radial side of the proximal phalanx and
proximally in continuity with the collateral liga-
ment. The widened metacarpal head has two
facets, of which the radial facet is removed in an
oblique fashion by scalpel, preserving the peri-
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Fig. 3.11 (a and b) In Rotterdam type IV D radial poly-  with 15° of active motion at the IP joint. (e) Complete
dactyly. Preoperative view. (¢ and d) Postoperative view, bone union of the distal phalangeal bone is mandatory to
11 years later. Normal range of motion at the MP joint achieve aesthetically acceptable nail shape
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Fig. 3.12 (a and b) Type IV radial polydactyly. ing a periosteal sleeve. (d and e) The radial part of the
Preoperative view shows straight and bigger ulnar compo-  metacarpal cartilage should be shaved. (f) The elevated
nents. (¢) During elliptical excision of the radial thumb, abductor pollicis brevis muscle is fixed to the dorsal cap-
care is taken to preserve the radial collateral ligament, and ~ sule of the MP joint. (g-i) Postoperative view and
it is then detached in a distal to proximal fashion, preserv-  radiograph
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Fig.3.12 (continued)
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Fig.3.12 (continued)

osteal flap. The abductor pollicis brevis that is
inserted on the bone remnant is transferred to
the proximal phalanx of the preserved portion of
the digit, and the capsule of the MP joint is
reconstructed. Even in wide divergence of the
proximal phalanx in type IV, this procedure
alone is sufficient to prevent secondary angula-
tion deformity (Fig. 3.13).

Regarding correction of convergence of the
IP joint, there are three options. In a mild case,
V-Y advanced plication of ulnar collateral lig-
ament and release of radial collateral ligament
are enough. Additional longitudinal K-wire
fixation is necessary for 3 weeks. In moderate
to severe cases or where the parents are resis-
tant to bone surgery, tendon transfer of the
radial half of EPL tendon only (Fig. 3.14) or
combined with FPL tendon (Fig. 3.15) is a
good option. Harvested tendons from radial
component are passed under the dorsal or
volar skin around IP joint and then fixed at the
ulnar collateral ligament. In severe conver-
gence, closing wedge ostectomy and internal
fixation at the P1 shaft (Fig. 3.16) or some-
times at the distal shaft of metacarpal bone

(Fig. 3.17) are mandatory. Fixation with one
or two Kirschner wires is enough to maintain
the straightened position of the joints. There is
no risk of scar contracture even with a straight
closure of the incision on the radial aspect of
the thenar area.

Flatt Types V and VI

The radial polydactyly has three bones including
the metacarpal remnant. If there is no connection
of cartilage or joint capsules between the meta-
carpal bones, this is not metacarpal polydactyly
but floating type. In type V, the radial thumb is
crooked and small on the distal end with a near-
normal ulnar component. Compared with normal
extrinsic tendons of the ulnar thumb, a part of
thenar muscle is shared with the radial thumb.
When the ostectomy of the radial prominence of
the metacarpal bone is performed, thenar muscle
should be preserved and repaired to metacarpal
bone again. The first web space is sometimes nar-
row, which should be released with flap or
Z-plasty (Fig. 3.18).

In type VI, the development of the meta-
carpal bone is very different. One compo-
nent has a better proximal portion of nearly
normal metacarpal bone with good and stable
carpometacarpal joint, and the distal portion
is usually hypoplastic and angulated interpha-
langeal joint. The other component has poor
or absent carpometacarpal joint but better
morphology of distal portion with a near-nor-
mal nail. Hypoplastic metacarpal bone shows
a tendency of under- or no development of
extrinsic tendons. Transposition of the rela-
tively well-aligned ulnar digit to the radial ray
is named as “on-top-plasty” technique [15,
16]. Preoperatively, the surgeon should check
the shape and size of the nail, bulkiness of
the pulp, length and axis of phalangeal and
metacarpal bone, and presence of instability
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Fig. 3.13 (a and b) In Rotterdam type IV D radial poly-
dactyly. Preoperative view demonstrates bigger ulnar
components. (c—e) Routine procedure of excision of the
radial thumb, bone shaving of the radial part of the meta-
carpal cartilage, and abductor pollicis brevis muscle sutur-

ing to the dorsal capsule of the MP joint. (f) Additional
K-wire fixation for 3 weeks and custom-made thumb
brace for 3 weeks more. (g—i) Postoperative view and
radiograph
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Fig.3.14 (a and b) Preoperative view of Rotterdam type ~ Harvested extensor tendon is passed subcutaneously
IV D radial polydactyly. (¢) Extensor pollicis longus ten-  under the dorsum to the ulnar collateral ligament. (f and g)
don is harvested from the radial polydactyly. (d and e) Postoperative view and radiograph



3 Duplicated Thumb and Secondary Deformity

51

Fig.3.14 (continued)

of the joints. According to this, abnormality
and malposition of the intrinsic and extrin-
sic muscles should be identified before sur-
gery. Three-dimensional ultrasound technique
[17] or 3.0 T MR image can be a great help

to plan strategies in radial polydactyly if
intrinsic muscular anomalies are suspected
to be involved. If so, the operation should be
delayed until the active motion of the baby’s
ulnar thumb is observed. The appropriate age



52

S.H.WooandY.S. Lee

Fig.3.15 (a and b) Preoperative view of Rotterdam type
IV D radial polydactyly. (¢ and d) Extensor pollicis lon-
gus tendon and flexor pollicis longus tendon are harvested
from the insertion portion of distal phalangeal bone of the
radial polydactyly. (e) The lateral collateral ligament of
the MP joint and the medial collateral ligament of the IP
joint were tightened to correct the alignment. The radial

collateral ligament is then proximally pulled as Y-V
advancement pattern. (f and g) Harvested two tendons are
passed subcutaneously in both dorsum and volar aspect.
Two tendons are sutured to the proximally advanced ulnar
collateral ligament of the IP joint. (h) Post-operation after
K-wire fixation. (i-k) Postoperative view and radiograph
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Fig.3.15 (continued)
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Fig.3.15 (continued)
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Fig. 3.16 (a and b) Preoperative view of type IV radial
polydactyly. It shows supination deformity of the nail and
ulnar angulation of the ulnar thumb. (c¢) After resection of
radial polydactyly, ulnar deviation of the proximal pha-

lanx is corrected by closing wedge ostectomy at the radial
proximal phalangeal bone. (d and e) Immediate after
operation with two K-wire fixation. (f and g) Postoperative
view and radiograph
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Fig.3.16 (continued)

for complex operative procedures is from
around 2 years old. In most cases, parents pre-
fer to preserve the apparently dominant thumb
even with reduced functionality. The strategy
of this complex procedure is very important
to achieve not only an aesthetically pleasing

appearance but adequate function of the recon-
structed thumb by using osteotomy and tendon
transfer.

After confirmation of the presence of extrin-
sic FPL/EPL tendon, resection of hypoplastic
soft tissues and bones as well as level of oste-
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Fig. 3.17 (a and b) Preoperative view of type IV radial
polydactyly. It shows ulnar angulation of the ulnar thumb
at the MP joint. (¢) After resection of radial polydactyly,
the radial cartilage of the metacarpal bone is ostectomized
first. (d) Longitudinal axis of IP joint and MP joint

(dashed line) and the first (yellow) and second (red line)
ostectomy line on the magnetic resonance image. (e)
Bone fixation with longitudinal K-wire on the metacarpal
bone. (f) Immediate after operation. (g and h)
Postoperative view and radiograph
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Fig.3.17 (continued)
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Fig. 3.18 (a and b) Preoperative view of type V radial
polydactyly. (¢) Thenar muscle inserted on radial polydac-
tyly is preserved to reconstruct thenar portion of the ulnar
thumb. (d and e) Ostectomy is made at the radial part of

the metacarpal bone, and then the bone is covered with
preserved thenar muscle. (f and g) The narrow first web
space is released with simple Z-plasty. (h—j) Postoperative
view and radiograph
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Fig.3.18 (continued)
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Fig.3.18 (continued)

otomy should be predetermined preoperatively.
Under tourniquet application, a Y-shaped inci-
sion is placed at the midline of the dorsum
between both thumbs. The skin flaps are ele-
vated with intact neurovascular pedicle and
venous channel. After marking the osteotomy
site, the flexor and extensor tendons are ele-
vated with periosteal flap, which will be
sutured to the proximal parts of FPL/
EPL. According to the better distal portion, the
level of osteotomy varies at distal phalangeal
bone (Fig. 3.19), proximal phalangeal bone
(Fig. 3.20), or metacarpal bone (Fig. 3.21).
Depending on the location of the osteotomy,
detachment and reattachment of the thenar
muscle insertion may be necessary. Length as
well as proper rotation and angulation are care-
fully evaluated prior to final fixation with
Kirschner wire under C-arm. Long-arm splint
is applied for 2 weeks, and then a custom-made
thumb brace is kept for 6 weeks (Fig. 3.22).
K-wire is removed about 3—4 weeks after the
operation, and a gentle range of motion exer-
cises are begun.

Secondary Deformity and Its
Reconstruction

As children grow, the need for reoperation
increases. Concern for cosmetic issues super-
sedes the lack of function of the joints or pain

issues. Residual deformities occurring after
correction of radial polydactyly involves the
soft tissue, joint, and bone separately or com-
bined [18, 19]. Instability is mainly caused by
hyperlaxity or hypoplasia of supportive tissues
of the joint and by abnormal insertion of a ten-
don. Angulation is the result of an incorrect
axis of a bone, an excessively large cartilagi-
nous head, imbalance and abnormal insertion
of a tendon, an interposed delta phalanx, and
scarring. The joint problem is stiffness, devia-
tion and instability, bone abnormality includ-
ing angled bone growth, and presence of a
delta bone. The soft tissue abnormality shows
nail deformity, narrowing of the first web
space, hypoplasia of thenar muscles, and
anomalous insertion of the flexor and extensor
tendons. These outcomes can be avoidable or
not, and surgical results are largely dependent
on the severity of the initial deformity. These
are usually associated with incomplete correc-
tion at the time of initial operation or with fail-
ure of the patient to return for subsequent steps
of reconstruction.

Evaluation of long-term outcomes following
radial polydactyly reconstruction was made by
Tada et al. in 1983 [20] and by Stutz et al. in
2014 [21]. In spite of a 30-year time interval,
the results are very similar, 76 vs. 79% good, 20
vs. 21% fair, and 4% vs. no poor outcomes
using the same evaluation scales based on range
of motion, instability, and malalignment.
Reoperation rate varies by 12% [22], 19%, [21]
and 26% [23] of cases. However, reoperation
rate is not significantly meaningful because it
does not always mean poor function of the
reconstructed thumb. Often the reason for reop-
eration arises from cosmetic desire and some-
times pain. The greatest deformity occurs with
significant angular deformity of the IPJ in
Rotterdam type IV D [19, 24].

Before the reoperation, the secondary defor-
mities should be analyzed in detail involving
the structures. Regarding joints, it may involve
IP joint or MP joint only or together. In the
case of IP joint angulation deformity only, clos-
ing wedge ostectomy and internal fixation at
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Fig. 3.19 (a and b) Schematic view of on-top plasty of
the type VI radial polydactyly. (¢) The ulnar component
has good nail but weak tendons and small remnant meta-
carpal bone. The radial polydactyly had very narrow and
slender nail with strong proximal bone. (d and e)

Ostectomy is made at the distal phalangeal bone of the
both radial and ulnar components. (f and g) Postoperative
view shows transposition of the distal portion of the ulnar
digit to proximal radial digit. (h and i) Pre- and postopera-
tive radiograph
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64

S.H.WooandY.S. Lee

Fig. 3.20 (a and b) Schematic view of on-top plasty of
the type VI radial polydactyly. (¢) Preoperative Y-shaped
design on the dorsum of both components. (d and e)
Transverse ostectomy is performed at the base of proxi-
mal phalangeal bone of ulnar components, and remnant
metacarpal bone is removed. (f) After bone fixation with a

longitudinal K-wire, two extensor tendons are repaired.
(g) Immediate postoperative view shows transposition of
the distal portion of the ulnar digit on the proximal radial
digit. (h and i) Postoperative view. (j and k) Pre- and post-
operative radiograph
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Fig. 3.20 (continued)
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Fig.3.20 (continued)

the proximal phalangeal bone guarantee much
better functional and cosmetic results rather
than other soft tissue surgeries (Fig. 3.23).
Centralization, ulnarization, or radialization of
the tendons and/or plication or release of the
joint capsule cannot support straight axis of
the thumb. To prevent recurrence of the angu-
lation deformity of the joint, overcorrection is
indispensable.

The most severe deformity is a zigzag defor-
mity, either angulated radially at the IP joint and
ulnarly at the MP joint or the reverse [25]. With
growth, secondary problems may include bony
overgrowth, tendon imbalance, and joint stiff-
ness. Surgeons must be aware of these potential
complications when the performance of initial

surgery and long-term follow-up of the child are
necessary.

Regarding the age of the patients and opera-
tion options, performing an osteotomy at the
joint should be suspended after closure of the
epiphyseal growth plate. During the period of
growth, reoperation should be confined to the
osteotomy at metaphysis only not epiphysis,
joint capsule, or soft tissue surgery including
tendon and scar. When the reconstruction is per-
formed, the excess elements of the thumb such
as neuroma, the cartilage or bone remnant of the
distal and proximal phalanges, or the metacar-
pal must be removed completely. In order to sta-
bilize the joint, the distal insertion of the
collateral ligament is elevated while preserving
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Fig.3.21 (a) Preoperative hockey stick design for on-top
plasty of the type VI radial polydactyly. (b) Flexor and
extensor tendons are preserved to be repaired. Y-shaped
design on the dorsum of both components. (¢) After
oblique ostectomy at the base of proximal metacarpal

bone on both components, one K-wire is fixed. Extensor
tendon is strengthened and abductor pollicis brevis mus-
cle is sutured. (d) Immediate postoperative view. (e and f)
Postoperative view. (g and h) Pre- and post-operative
radiograph
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Fig.3.21 (continued)
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Fig. 3.22 Custom-made brace for the thumb is applied
for 3 weeks all day after stitches removed and then each
night for 3 weeks

a slip of the subperiosteal tissue for reattach-
ment together with the distal insertion of the
collateral ligament, or if this is not possible, a
new ligament should be created with part of the
ablated tendon (Fig. 3.24).

Regarding correction of alignment of the
joint, joint space should be transverse by the
osteotomy or shaving of articular cartilage first.
Tendon rebalancing is then very important to
prevent dynamic instability. If a previous opera-
tive scar or a skin contracture is suspected to
cause angulation, employ soft tissue release with
local flap or Z-plasty (Fig. 3.25). Bulky soft tis-
sue should certainly be excised, and fat or
dermo-fat graft is sometimes necessary to
replace the depressed area.

In cases of a MP joint deformity, the remain-
ing base of the proximal phalanx is removed pre-
serving the subperiosteal insertion of the abductor
pollicis brevis and the radial collateral ligament.
However, excision of soft tissue is also important

to prevent prominence at the joint. The abductor
pollicis brevis is reinserted into the radial base of
the proximal phalanx.

In angulated deformity of the joint, almost
all extrinsic tendons are hypoplastic and have
eccentric abnormal insertion. Successful recon-
struction can be achieved with combined clos-
ing wedge osteotomy at the metacarpal neck
with reduction of its widened head, reconstruc-
tion of the radial collateral ligament of the MP
joint with a periosteal capsular sleeve, and cen-
tralization of the FPL with relocation of its
insertion in a more ulnar position. Even weak
FPL and EPL tendon should be centralized or
reinserted to the opposite direction. If it is
insufficient, extension lag or radial angulation
at IP joint can be corrected with EIP tendon
transfer which provides force to correct
dynamic instability [26]. In a severe zigzag
deformity, double osteotomy at the phalangeal
bone or double arthrodesis of the IP joint and
the MP joint is the final salvage procedure in
adults (Fig. 3.26).

Correction of any angulation deformity and
any instability should result in as little sacrifice
of the arc of motion as possible. Alignment and
size of the thumb, the shape of the nail, and even
the circumference of the thumb are more impor-
tant than the function of the thumb. Alignment
can be corrected in the secondary operation, but
deformities of the nail, such as hypoplasia, split-
ting, and distortion, are too difficult to treat
properly.

To prevent secondary deformity of the radial
polydactyly, the radial nail should be removed,
preserving part of the radial distal phalanx to pro-
vide breadth for distal duplication in types I and
II. Though this exposes the proximal and distal
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Fig. 3.23 (a) Radial angulation deformity of the left
thumb after resection of radial polydactyly. (b) Closing
wedge ostectomy at the ulnar side of the proximal pha-
lanx. (¢) Plication of the extensor tendon and ulnar col-

lateral ligament of the IP joint. (d) Postoperative view.
(e—g) Preoperative radiograph, bone fixation with
3 K-wire, and postoperative radiograph
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Fig. 3.23 (continued)
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Fig. 3.24 (a) Preoperative view shows severe radial
angulation deformity at the MP joint of the right thumb.
There is tender mass at the radial side of the MP joint with
contracture of the first web space. (b) The mass is revealed
as neuroma of the digital nerve of the previously resected
radial polydactyly. (¢) Digital nerve is implanted into the
thenar muscle after resection of the neuroma. (d)
Myotomy of the adductor pollicis muscle is made for

release of the first web space. (e) Joint capsulotomy is
made on the ulnar side of the MP joint for plication. (f)
Open capsulotomy is performed to release the contracted
radial joint capsule of MP joint. (g) Plication of the ulnar
joint capsule with 4-0 Prolene. (h and i) Immediate post-
operation, temporary fixation of the joint with K-wire.
(j and k) Postoperative view. (1 and m) Pre- and postop-
erative radiograph
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Fig. 3.24 (continued)
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Fig.3.24 (continued)
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Fig. 3.24 (continued)

deforming structures, conjoint EPL/FPL tendons
can be identified. In the first operation, secure sta-
bilization of joints with collateral ligament
advancement is mandatory. Primary corrective
osteotomy and internal fixation may guarantee

prevention of severe secondary deformity, where
corrected tendon and joint stabilization cannot be
achieved. In excision of the radial component, the
surgeon should carefully consider how to use the
resected bone, tendon, and even soft tissue or nail.
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Fig. 3.25 (a—c) Preoperative view shows severe radial
angulation deformity at the MP joint of the right thumb.
(d) Incision is made on the radial side of MPJ as double
opposing Z-plasty with Y-V advancement flap. (e)
Ulnarization of the extensor tendon is made after release

of the ulnar collateral ligament and plication of the radial
collateral ligament. Closing wedge ostectomy and internal
fixation are performed at the proximal phalanx. (f)
Immediate after operation. (g—i). Postoperative view. (j
and k) Pre- and postoperative radiograph
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Fig.3.25 (continued)
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Fig. 3.26 (a) Severe Z-deformity of the right thumb, preoperative view. (b) Postoperative view. (¢ and d) Pre- and
postoperative radiograph after double arthrodesis of the IP joint and MPJ
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Thumb Hypoplasia

Luis R. Scheker

The thumb represents 40% of the hand function.
When the thumb is missing in its entirety, many
activities are limited, such as turning a door knob,
buttoning a shirt, or holding a drinking glass with
one hand among others. Congenital anomalies are
the main cause of thumb deficiencies in children.
These congenital thumb anomalies include hypo-
plasia and aplasia, constriction ring syndrome,
brachydactylic, and true transverse absence.
Congenital thumb anomalies account for approxi-
mately 11.2% of all birth deformities of the hand.
Of these deformities, 6.6% are radial polydactyly;
the rest are divided between hypoplasia and apla-
sia (total absence) of the thumb [1].

Thumb hypoplasia is found in longitudinal
deficiencies or in underdevelopment of the preax-
ial ray. In radial clubhand, the thumb can be absent
or just hypoplastic. Hypoplasia is encountered in
cases of thumb duplication in which the tissue that
is supposed to form a single thumb is divided into
two small thumbs that share the tendons, intrinsic
muscles, and ligaments (Fig. 4.1). These dupli-
cated thumbs frequently have unstable unicondy-
lar joints. Partial aplasia arises because of
transverse absence, symbrachydactyly, and con-
striction ring syndrome (Fig. 4.2). In constriction
ring syndrome, the proximal part of the thumb is
frequently normal. In brachydactyly and sym-
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brachydactyly, the whole ray is underdeveloped,
but, in contrast to constriction ring syndrome,
there is a remnant nail. An uncommon form of
hypoplasia of the thumb can be seen in patient s
with Du Pan syndrome in which the thumb has a
constriction band at its base (Fig. 4.3). In 1937,
Muller [2] initially classified hypoplasia/aplasia of
the thumb into four categories per degree of defi-
ciency. Blauth, in 1967, later expanded this classi-
fication into five categories [3]:

Blauth Classification
Typel

Minor hypoplasia in which the thumb, though
smaller than the contralateral thumb, functions
quite normally.

Type ll

The thumb is smaller and less stable than normal
(Fig. 4.4). The hypoplasia in type II has three ele-
ments: (1) adduction contracture of the first web
space apparent because of (2) the lack of thenar
muscles, and the hand compensates by exhibit-
ing (3) laxity of the ulnar collateral ligament
that allows abduction of the metacarpo phalan-
geal (MCP) joint. The skeleton is small, and the
metacarpophalangeal joint ulnar collateral liga-
ment is incompetent (Fig. 4.5).
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Fig. 4.1 Duplicated
thumb types III and IV
both have instability at
the IPJ; the type IV can
also have problems at
the MCP joint. The
tissue of the thumb has
been divided; therefore
joints tend to be
unicondylar and
unstable

Fig.4.2 The thumb can
be absent with the other
digits in peromelic
symbrachydactyly, also
in cases of constriction
ring, where the proximal
part is normal and
amenable to toe-to-hand
transfer

Fig.4.3 Incompetent thumbs can be found in deformities  Fig.4.4 In type IT hypoplasia of the Blauth classification,
like the Du Pan syndrome in which the index finger is  the thenar eminence is absent, and as a consequence the
short and radially deviated. The thumb has a constriction  web space is narrow

band at its base and lacks bone support
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Fig. 4.5 The narrow web space is compensated by hav-
ing an incompetent ulnar collateral ligament to the ulnar
side of the metacarpophalangeal joint of the thumb

Typelll

This progression includes type II plus skeletal
hypoplasia in which the carpometacarpal (CMC)
joint is vestigial, the intrinsic muscles are absent,
and the extrinsic muscles, when present, are rudi-
mentary and anomalous (Fig. 4.6).

Manske and McCarroll proposed a modifica-
tion of the Blauth classification by dividing type
IIT into two subcategories, type III-A and type
II1-B [4]:

Typelll-A
This subdivision comprises extensive extrinsic

and intrinsic musculotendinous deficiencies with ~ Fig. 4.6 Type III has been subdivided into II-A and III-
. . B. The original classification of Blauth mentioned that there
intact carpometacarpal joint.

is no carpometacarpal joint. If the joint is present, it is a type II

Type lll-B

This second subdivision comprises extensive
extrinsic and intrinsic musculotendinous defi-
ciencies with basal metacarpal aplasia.

Type IV
This comprises the floating thumb (pouce flot-

tant, Fig. 4.7).

TypeV

Total absence of the thumb (Fig. 4.8).
Despite attempts to classify all cases accu- Fig. 4.7 Type IV has mainly a very small and rudimen-

. tary thumb. The French called it “pouce flottant” meaning
rately for correct treatment, there are many varia- .
floating thumb



84

L.R. Scheker

Fig. 4.8 Type V is a complete absence of the thumb

tions in these deformities and in the severity of
the manifested underdevelopment. Occasionally,
the deformities are even more severe. It is impor-
tant, therefore, to treat patients according to their
needs and not with a rigid approach based solely
upon these types.

Surgical Approaches
to the Hypoplastic Thumb

I believe that congenital reconstruction should be
performed as soon as the child is immunologi-
cally mature. This is achieved at the 6 months of
life. The only thing to take into account is that the
hospital has good pediatric anesthesiologists and
good pediatric recovery room. Children start
organizing manipulation schemes very early.
Early surgical correction allows the child to cre-
ate those patterns without interruption and hav-
ing to restart once healed. Early surgery has been
advocated on psychological grounds, because it
may be beneficial if the child considers the scar-
ring and deformity to be the result of an operation
rather than the result of a personal deficiency.

Blauth Typel

Treatment must be approached according to the
deformity present. Most patients with Blauth type
I deficiency do not need surgical intervention. The
affected thumb tends to be smaller than the contra-
lateral thumb in patients with unilateral underdevel-

Fig. 4.9 The distal phalanx thumb is relatively short;
there is no thenar eminence in her hands. She was treated
in another unit for severe bilateral carpal tunnel, as the
EMG failed to detect the thenar muscles. Did not improve
with surgery because what she has is a condition called
trichorhinophalangeal syndrome

opment. In cases of bilateral hypoplasia, the patients
have no reference and may not notice the deformity.
The Blauth classification is extremely useful for
planning treatment, yet it is only a general guideline.
‘We must understand that some variations can occur.
A good example is the 16-year-old girl shown
in Fig. 4.9 who suffers from trichorhinophalangeal
syndrome that affected her mother and her
younger sister (Fig. 4.10). Thin hair, a pear-shaped
nose, and short phalanges of the thumb character-
ize this syndrome. In her case, both thumbs were
hypoplastic with a stable MCP joint and a wide
first web space but without the thenar muscles.
We considered this case a variation of type [ in the
Blauth classification. Others will consider this
case an intermediate between types I and II, while
still others will consider it a mild case of type II.

Opponensplasty

For opposition, it is possible to use the Camitz
palmaris longus transfer [5], the ring finger flexor
digitorum superficialis transfer as described by
Royle [6], or the hypothenar transfer as described
by Huber [7]. In this same young female patient,
an opponensplasty utilizing the abductor digiti
minimi was required to improve function. This
technique is known as Huber’s transfer because
he first described it to restore opposition after
median nerve injuries [7]. The abductor digiti
minimi is used to reconstruct thumb opposition
and to give better cosmetic appearance to the
thumb by reshaping the thenar eminence.
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Fig.4.10 Sparse hair as
seen in the younger
sister and pear-shape
nose as seen in the
patient are features of
this condition. This
group of features were
missed by the original
treating physician

Fig. 4.11 The approach to Huber’s transfer starts with a
longitudinal incision at the junction between the dorsal
and palmar skin on the hypothenar region, extending from
the pisiform to the proximal finger crease; this will pro-
vide an excellent view to protect the vital structures

This demanding surgical technique begins
with the first incision made at the midportion of
the ulnar aspect of the proximal phalanx of the
small finger (Fig. 4.11). The incision extends
slightly curved radially to a point distal from the
pisiform and ends at the wrist crease in line with
the ring finger. The membrane that covers the
abductor digiti minimi (ADM) is incised, and the
muscle and its two tendon insertions are exposed.
The distal tendon insertion is detached, keeping
as much tendon length as possible. The proximal
insertion lies at the MCP joint capsule, and it

Fig. 4.12 Marked with a green piece of plastic is the
common branch to the hypothenar muscles; care should
be taken to separate the branch to the abductor digiti min-
imi from that of the flexor digiti minimi. Keeping the
attachment/origin of the ADM to the pisiform prevents
damage to the vascular pedicle that originates from the
deep branch of the ulnar artery

should be detached carefully to preserve the cap-
sule. The ADM muscle is dissected proximally.
Care should be taken to identify and protect the
divisions of the minor pedicles from the common
digital artery to the fourth metacarpal space as
well as the proper digital nerve. The neurovascu-
lar structures at their entrance at the radial aspect
should also be protected (Fig. 4.12). The flexor
digiti minimi lies adjacent to the ADM on its
radial aspect, and, in some instances, some of its
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Fig. 4.13 After passing the ADM through the wide tun-
nel created subcutaneously from the pisiform to the base
of the proximal phalanx of the thumb on the radial side,
the tendon is weaved to the insertion of the fibrous rem-
nant of the APB

fibers are dissected along with the ADM. The
muscle is never detached from its origin to avoid
damage to its blood supply. Once this has been
performed, the ADM is ready to be transferred.
The extensor digiti minimi takes over from the
ADM and provides small finger abduction.

A subcutaneous tunnel is made, connecting the
hypothenar area to the thumb, and a second inci-
sion is made at the level of the metacarpophalan-
geal joint of the thumb. The ADM is then rotated
90°, and it is transferred from the pisiform to the
second incision at the dorsum of the thumb through
the tunnel. It is important to widen the tunnel so
that the ADM lies freely through it. The distal
insertion is sutured to the extensor hood and to the
ulnar capsule of the MCP joint. The proximal
insertion is sutured to the radial capsule (Fig. 4.13).
We feel that the appropriate name for this proce-
dure is abductorplasty, as we cannot make the
thumb to rotate to oppose the other digits. This
procedure is also a good indication for Blauth type
IT even though there are many other steps neces-
sary that are not corrected by the Huber’s transfer.

Blauth Type Il

A type II thumb is characterized by a hypoplastic
thenar eminence that is responsible for a narrow
first web space. An aberrant muscle often runs

Fig. 4.14 This little aberrant muscle between the thumb
and the index metacarpophalangeal joints, even small,
aggravates the contracture of the first web space

Fig. 4.15 The dorsal thumb flap described by Strauch
must be drawn passing the interphalangeal joint by up to
3 mm in order the right point in the palm of the hand to
release the first web contracture

between the thumb and index finger, thus exacer-
bating the contracture (Fig. 4.14). To allow for a
grasp with some span in the first web space, the
metacarpophalangeal joint is lax at the ulnar col-
lateral ligament. Treatment of this condition
requires release of the first web space, recon-
struction of the ulnar collateral ligament, and an
opponensplasty. A flap is needed to widen the
first web space and can be obtained either from
the dorsum of the index finger or from the dor-
sum of the thumb, as described by Strauch in
1975 (Fig. 4.15) [8]. The Strauch flap should be
raised up to 3—4 mm distal from the interphalan-
geal (IP) joint of the thumb. Radial and ulnar
mid-axial lines are marked. The radial mid-axial
line extends proximally to the basilar crease of
the thumb. The ulnar mid-axial line widens at the
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MCP joint to the middorsal aspect of the first web
space, and it extends over the palmar aspect
between the thumb and index finger to open the
web space. The palmar incision extends from the
free border of the web space to the connection
point of the first and second metacarpals.

The flap can then be elevated to expose the
fascia, the superficial veins, and the branches of
the radial nerve. We then expose the adductor
brevis, the insertion of the palmar thenar intrinsic
muscles, and the whole ulnar aspect of the thumb.
Once the soft tissues have been released and the
aberrant muscle is divided, the thumb can be
totally abducted, and the previously elevated flap
lies over the dorsal aspect of the web space. This
flap is then slid to the palmar surface, closing the
previous incision. To close the donor defect on
the thumb, the radial-palmar aspect of the divided
web is rotated dorsally to the mid-axial line. The
remaining area on the dorsal aspect of the thumb
is closed with a full thickness skin graft.

A technique described by Lister [9] recon-
structs the ulnar collateral ligament and creates
an opponensplasty with the use of the flexor digi-
torum superficialis (FDS) of the ring finger, while
the first web space is widened with a dorsal flap
from the thumb. For cosmetic purposes, however,
the best opponensplasty uses the ADM muscle.
Sometimes a combination of both techniques is
necessary to obtain desired function. Royle first
described the opponensplasty using the FDS of
the ring finger [6]. Lister added the reconstruc-
tion of the ulnar collateral ligament to this tech-
nique and also combined it with the flap from the
dorsum of the thumb described by Strauch.

This technique is as follows. Incisions are
marked at the proximal crease of the ring finger,
toward the ulnar side at the distal wrist crease and
in the middle of the first web space (Fig. 4.16).
The first incision is made at the base of the ring
finger. Through this incision, the flexor tendon
sheath is opened between the Al and the A2 pul-
leys. At this point, the superficialis tendon is still
superficial to the profundus, so the decussation of
the FDS tendon and the palmar aspect of the
proximal interphalangeal (PIP) joint are avoided.
A second incision is made proximally and ulnarly
from the carpal tunnel to retract the palmar fascia

Fig. 4.16 The three incisions needed to do the recon-
struction of the Blauth type II thumb hypoplasia using
Lister technique. The incision of the first web space is
adjusted according to the length of the dorsal thumb flap

Fig. 4.17 The FDS to the ring finger is identified and
tested before it is divided

radially. Through this incision, the flexor digito-
rum superficialis to the ring finger is identified
(Fig. 4.17). An incision is made over the dorsal
aspect of the thumb at the level of the MCP joint.
A subcutaneous tunnel is made between the last
two incisions. It is important to create the tunnel
wide enough so that the tendon runs freely. A
hole is created at the head of the first metacarpal
from ulnar to radial, that will allow the FDS ten-
don to be inserted once it has been passed through
the tunnel created between the wrist crease and
the first metacarpal head. A second tunnel is
drilled from anterior to posterior aspects at the
ulnar side of the first proximal phalanx, distal
from the epiphysis. The flexor digitorum superfi-
cialis that was divided at the base of the ring fin-
ger is then transported from the ring finger into
the palmar incision and through the tunnel previ-
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Fig. 4.18 Once the FDS tendon has been passed in the
subcutaneous tunnel between the wrist crease and the
radial aspect of the thumb. The tendon is passed from
radial to ulnar at the first metacarpal head. Tighten as
much as required to abduct the thumb; then it is passed at
the base of the proximal phalanx to reconstruct the ulnar
collateral ligament of the MCP joint

ously made to the incision at the dorsal aspect of
the thumb. The tendon is passed through the hole
at the metacarpal head from radial to ulnar with
the use of a 12-gauge needle to create the oppo-
nensplasty (Fig. 4.18). The tendon is then passed
through the holes at the base of the first proximal
phalanx. Appropriate tension is applied, and then
the tendon is sutured to itself at the exit from the
phalanx. In this manner, we achieve the recon-
struction of the ulnar collateral ligament as ana-
tomically accurate as possible. The incisions are
then closed.

Blauth Type lll

Type III represents a further deficiency in the
development of the thumb. Here we have insta-
bility of the metacarpophalangeal joint and, in
some cases, a rudimentary or even absent basal
joint of the thumb. Reconstruction of type III-B,
as described by Manske, requires, in many cases,
transposing a joint to stabilize or fuse the MCP
joint. This procedure, however, creates a thumb
in a position of reduced mobility and strength.
These children have little cortical representation
of the thumb, and, for this reason, they will con-
tinue to use the prehension between the index and
middle fingers.

Many surgeons disagree about the possibil-
ity of reconstruction of type III thumbs in the
Blauth classification. Manske and others have
subclassified these thumbs into types III-A and
III-B. The Japanese group headed by Minoru
Shibata [10] has performed extensive recon-
struction in these cases. They reported on four
patients with reconstruction of a Blauth type
III-B hypoplastic thumb with the use of a
free vascularized metatarsophalangeal joint.
Several tendon transfers also were performed,
either primarily or secondarily, to mobilize
the reconstructed thumb. Three patients (three
hands) were followed for at least 2 years
after the reconstruction; the results for these
three patients were compared with those for
four patients (six hands) who had been man-
aged with pollicization of the index finger
because of a similar deformity of the thumb.
The patients were evaluated with regard to
grip strength, key pinch strength, and the
range of motion of the joints of the thumb in
the operatively treated and contralateral hands
as well as with regard to skill in performing
activities of daily living as assessed with the
use of the Kobe hand function test. Although
the appearance of the thumb was closer to nor-
mal in the group that had had the polliciza-
tion procedure, total function of the hand and
grip strength were greater in the group that
had had the transfer procedure. Guy Foucher
et al. [11] reported their finding, and it was
different from those of Shibata. Foucher et al.
said that they felt that pollicization is the solu-
tion for subtype III-B where the basal joint is
absent. They had reviewed 14 cases of thumb
hypoplasia type III, 4 of them being type III-
B. After performing a first step with a free
vascularized second metatarsophalangeal joint
transfer, the secondary steps were identical
in both subgroups. After a mean follow-up of
5 years, no great difference was found in the
two subgroups, and basal stability was even
better in type III-B. However, the results were
functionally and cosmetically inferior to the
ones observed after pollicization. He said that
when the relatives refuse pollicization or the
patient consults late for functional improve-



4 Thumb Hypoplasia

89

ment, reconstruction remains worthwhile. In
some countries, cultural reasons require that
people have a thumb and four fingers; thus,
the surgeon may have no alternative but to per-
form this reconstruction.

Pollicization

Some surgeons believe that type III should be
reconstructed by joint transfer or by another
type of joint stabilization that will maintain a
hand with all four fingers and a thumb. But as
Littler and Riordan [12-15] assert, a recon-
structed thumb with better mobility, tactile sen-
sibility, and joint stability will provide a much
better thumb for type III children. Therefore,
we feel that types III, IV, and V should be
treated by pollicization of the index finger for
the best possible hand function. Because most
apparatus used in activities of daily life are
designed for people with the thumb on the
radial side of the hand, pollicization of the
index finger is preferred to pollicization of the
little finger. Pollicization of the index finger
will provide the best hand function, even in
severe cases of radial clubhand where the hypo-
plastic phenomenon takes place from radial to
ulnar, the index finger has a reduced range of
motion at the PIP and distal interphalangeal
(DIP) joints, and the flexor digitorum profun-
dus (FDP) and flexor digitorum superficialis
(FDS) tendons are conjoined. In children with
severe aplasia of the index finger, however, pol-
licization is still performed even though the lit-
tle finger will be used for handling small
objects. The newly created thumb will be used
as an opposing post to the other digits for han-
dling larger objects.

The pollicization technique was described
initially by Gosset in 1949 [16] and has been
modified over the years. The first polliciza-
tion of the index finger in a child was per-
formed by Zancolli [17] in 10-year-old boy.
Buck-Gramcko [18] deserves special credit for
improving and popularizing the index pollici-
zation technique based on his work with many
children who were affected by the mother’s

use of thalidomide. Many of the changes he
implemented continue to be the norm for pol-
licization today. This technique is universally
accepted for thumb reconstruction in congeni-
tal aplasia or hypoplasia.

The pollicization technique includes flap
transposition to create a web space, removal of
the shaft of the second metacarpal to provide
three bones of the correct length equivalent to
that of a normal thumb, and the use of the intrin-
sic muscles for stabilizing the new thumb. The
first dorsal interosseous for thumb abduction and
the first palmar interosseous for thumb adduction
are especially important.

Basing our work on Buck-Gramcko and
Lister, we have adapted the technique as follows.
An acute angle is marked with its vertex located
proximally over the most prominent point of the
MCP joint of the index finger. The limbs of this
angle face distally toward the neutral lines on the
radial and ulnar sides of the index finger corre-
sponding to the level of the web fold. The acute
angle on the dorsum of the index finger is bisected
by a line that is marked from the MCP joint to the
PIP joint on the dorsum of the index finger
(Fig. 4.19). The limbs are extended along the
neutral line and meet at a transverse line drawn
2-3 mm proximal to the crease of the PIP joint at
its palmar aspect (Fig. 4.20). In effect, we have

Fig. 4.19 The markings on the dorsum of the index fin-
ger include an angle which vertex in resting on top of the
proximal end of the metacarpal head. The limbs of the
angle are directed to the mid-axial line of the index radi-
ally and ulnarly to the middle of the proximal phalanx. A
line running from the PIPJ to MPJ bisects the angle
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Fig. 4.20 The proximal flap is triangular shape and ori-
ented toward the volar midline of the long finger which
will become the radial-most digit of the hand

now planned the dorsal flaps. The position of the
new thumb is planned in relation to the middle
finger that will become the radial-most finger.

A flap that will interdigitate with the dorsal
flaps of the index finger is now created in the
junction of the palmar and dorsal skin on the
radial side, where the new thenar eminence
will be. The palmar marking is created by first
imagining a line extending from the center of
the middle finger to a point in the distal wrist
crease. We then make an actual marking that
starts at the distal wrist crease and continues at
an angle toward the metacarpal head of the
index finger. This palmar marking must be the
same length as the previous dorsal marking
extending from the PIP to the MCP joint on the
dorsum of the index finger. We then extend the
neutral line from the base of the index finger to
a point at the wrist (dorsal). From this starting
point at the wrist, we make a second marking
drawn proximal to distal to meet the distal
edge of the previous palmar marking. In other
words, the palmar marking and this second
marking now join to form the vertex of a sec-
ond acute angle whose limbs aim toward the
wrist crease. We have now created the dorsal
flap (Fig. 4.21). A line connecting both angles
completes the surgical markings needed before
we incise the skin.

Before we incise the skin, we slightly exsan-
guinate the forearm and set the tourniquet at
100 mmHg above the systolic pressure. Keeping

Fig. 4.21 The markings are finished by connecting the
dorsal incision on the index finger to a palmar line 2-3 mm
proximal to the PIP joint crease on the volar aspect by a
line running on the mid-axial line of the index finger. A
line connects the vertex of dorsal angle to the vertex of the
proximal flap in the radio-palmar aspect of the hand

Fig. 4.22 The skin and subcutaneous tissue are elevated
from the venous system as far as the wrist. Here is where
you notice the need not to exsanguinate completely the
hand as the veins are visual with a little blood in them

some blood in the veins will help us to protect
them once we start the dissection. The operation
proceeds by incising the limbs of the acute angle
on the dorsum of the hand. The skin is then ele-
vated, and the venous system is identified, making
sure that it is freed from the dorsa I skin to provide
mobility (Fig. 4.22). The line that bisects the acute
angle and extends from the MCP joint to the PIP
joint of the index finger is now incised. We raise
the skin flaps from the dorsum of the index finger,
thus creating two dorsal flaps. The key point of
pollicization is to avoid kinking of the blood ves-
sels, especially the venous drainage. Once the
dorsum of the hand has been incised and the veins
have been identified and freed, the two flaps from
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the index finger have been created. One of these
flaps will go toward the palmar aspect of the hand,
while the other will stay at the dorsal aspect. Next,
the extensor tendon mechanism is identified. The
extensor indicis proprius is going to become the
extensor pollicis longus. The extensor digitorum
communis is used as an adductor in many cases.
When elevating these tendons, it is important to
identify them by different-colored sutures.
Adhesions may exist between them and should be
freed so that they can glide independently. In the
dorsum of the index finger between the metacar-
pal head and the PIP joint, three slips of the exten-
sor mechanism are created (Fig. 4.23). The radial
slip will be woven to the first dorsal interosseous
to create the abductor of the thumb forming the
new thenar eminence muscle, and the ulnar slip
will be woven to the first palmar interosseous. The
central slip will be sutured to the extensor indicis
proprius that will work as an extensor pollicis lon-
gus (Fig. 4.24).

Now that the dorsal aspect has been prepared
and we are happy that the veins will be free from
kinking, the palmar aspect is approached by elevat-
ing the palmar skin from the web space toward the
middle finger, including the palmar skin over the
proximal phalanx of the index finger (Fig. 4.25).
Then we identify the neurovascular bundle and
flexor tendon sheath of the index finger.

In a few cases, the radial digital artery is
present in the index finger. When present, the
radial digital artery should be preserved,
together with the common digital artery between
the long and the index fingers. If the radial digi-

tal artery is not present, then before we divide
the branch that goes to the middle finger, we
must check that a good blood supply is present
to the middle finger through its ulnar digital
artery. Before this vessel is divided, we apply
clamps and deflate the tourniquet to check for
blood supply. The proper digital artery to the
middle finger is divided between ties of 8-0
nylon (Fig. 4.26). The common digital nerve is
then separated longitudinally with scissors from
distal to proximal up to the carpal ligament,
avoiding damage to the fascicles going to either
digit (Fig. 4.27).

© 1984 CMKI

Fig. 4.24 As depicted in the illustration, the central slip
is weaved to the extensor indicis proprius (EIP) to become
the extensor pollicis longus (EPL); the tension required is
that which keeps the new thumb extended at the end of the
procedure. The radial slip is woven to the first dorsal inter-
osseous and the ulnar slip to the first palmar interosseous

Fig. 4.23 The three slips of the extensor apparatus must
be dissected to the PIP joint. Enough length is required to
weave them through the end of the intrinsic muscles

Fig. 4.25 The palmar skin is elevated from the tendon
sheath; care should be taken to avoid damage to the radial
digital nerve and the vascular pedicle when it is present
like in this case
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Fig. 4.26 The proper radial digital artery to the long fin-
ger is divided between 8-0 nylon sutures in order to iden-
tify this vessel if circumstances arise. In cases of severe
hypoplasia, we clamp the vessel and release the tourniquet
temporarily before dividing this vessel

Fig.4.28 After we examine the flexor tendons to be sure
they are free from adhesions and able to flex the new
thumb, the tendon sheath is opened up to the proximal
border of the A3 pulley; this will become the A1 pulley of
the new thumb

Fig. 4.27 The common digital nerve between the index
and long fingers is separated with micro instruments to
avoid damage to the fascicles

The flexor tendons are then identified and
mobilized to check that we have independent func-
tion between the superficialis and the profundus.
The tendon sheath needs to be opened. We divide
the A1 and A2 pulleys and stop at the level of the
A3 pulley. This A3 pulley now becomes the Al
pulley of the new thumb (Fig. 4.28). The radial
intrinsic muscle, the first dorsal interosseous, is
then elevated from the second metacarpal with
sharp dissection, avoiding damage to its innerva-
tion. Because the tendon of the first dorsal interos-
seous and the radial collateral ligament of the
index finger blend together at the MCP joint, we
are careful to separate the tendon of the muscle
from the radial collateral ligament by sharp dissec-
tion. We must be sure that there is enough of the
tendon to suture a slip of the dorsum of the exten-

Fig. 4.29 The intrinsic muscles are elevated from the
periosteum of the second metacarpal with sharp dissec-
tion, keeping the periosteum intact in the second metacar-
pal. This will prevent the formation of unwanted bone in
the future

sor tendon to this muscle. We also maintain the
stability of the MCP joint by preserving some of
this radial collateral ligament. The muscle is then
detached all the way to the base of the second
metacarpal. At this point, the joint between the
trapezoid and the second metacarpal is identified.
The dissection of the first dorsal interosseous mus-
cle should be done sharply, leaving the periosteum
intact with the second metacarpal bone, which will
be removed to avoid unwanted new bone forma-
tion in these areas (Fig. 4.29). The palmar interos-
seous of the index finger, which will become the
thumb adductor, is also elevated and freed in a
similar manner as the first interosseous. Small
blood vessels will be present in the palmar aspect
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Fig. 4.30 It is necessary to damage the growth plate at
the proximal end of the metacarpal head. Failing to do that
will allow further growth of bone in this area which pro-
duces zigzag deformity of the new thumb as the child
grows

Fig.4.31 The shaft of the second metacarpal is removed
from the distal epiphysis to the second carpometacarpal
joint

of the metacarpal and must be coagulated care-
fully to prevent hematoma formation. The meta-
carpal is removed by utilizing a 69-beaver blade
and penetrating the growth plate at the metacarpal
head (Fig. 4.30). Destroying the growth plate is
extremely important to avoid continuous bone
growth in this area that eventually creates a zigzag
deformity of the thumb. Once the metacarpal has
been discarded (Fig. 4.31), we check to see if the
index finger can move proximally without kinking
any structures, especially the vessels.

As described by Buck-Gramcko [18], the
metacarpal head now needs to be rotated into
hyperextension before it is placed into position
(Fig. 4.32), flexing proximally at the MCP joint
that is now creating the CMC joint. Now the
thumb will not hyperextend to create an ugly

Fig.4.32 Hyperextending the metacarpophalangeal joint
which becomes the new carpometacarpal joint of the new
thumb will allow excellent flexion and prevent hyperex-
tension of the new thumb, which affects the results both
functionally and cosmetically

Fig.4.33 The head of the metacarpal is secured with non-
absorbable sutures to the area of the second carpometacar-
pal joint. This is the only need to fix the new thumb to the
carpus; the rest is achieved by dynamic stabilization

deformity in the hand. The metacarpal head is
sutured by passing a nonabsorbable suture,
preferably monofilament, through its most palmar
aspect (Fig. 4.33). The index finger is then rotated
140° to oppose the middle finger (Fig. 4.34). The
two sutures are placed into the trapezoid or in the
remnant of the second metacarpal. This will be
the only fixation for the base of the thumb.

The rest is a matter of balancing forces. The
extensor indicis proprius is now woven to the
central slip of the new thumb and will become the
extensor pollicis longus.
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Fig. 4.34 As suggested by Buck-Gramcko, the new
thumb needs to be rotated 140° to oppose the rest of the
digits. This is done when suturing the head of the metacar-
pal and maintained by the tension with the skin flaps

Enough tension is created, and the new thumb
is fully extended on the operating table. The dan-
ger is that if the thumb is not fully extended, it
will be flexed postoperatively. The abductor mus-
cle should be as tight as possible to create opposi-
tion of the thumb. Care should be taken to create
a window between the digital vessels and the
proximal phalanx of the index finger through
which we pass the tendon slip that is woven to the
first dorsal interosseous. A similar weave is made
between the ulnar slip and the first palmar inter-
osseous. The interosseous muscles should not
compress the neurovascular bundles on either
side of the index finger, to assure the viability of
the transposed digit.

Now we have all the muscle reconstruction
needed. If desired, the extensor digitorum com-
munis slip to the index finger is sutured at the
base of the proximal phalanx of the transposed
digit to create an adductor for this digit. Then
we position the skin to create a good web space
and properly extend and rotate the thumb into
the desired position (Fig. 4.35). This is done by
suturing the palmar aspect of the new thumb to
the palm of the hand in the desired position. Both
flaps on the dorsum of the index finger help to

L.R. Scheker

Fig. 4.35 The position of the thumb depends on a good
planning of the incision at the beginning of the case. Once
the tendons have been secured, the final stability is given
by the tension of the skin flaps. We need to make sure that
we don’t put too much tension as to create necrosis and
infection but enough to obtain the best result

extend and to position the digit optimally. One
flap will go between the palm of the hand and the
proximal flap, while the other will go between the
proximal flap and the dorsal skin of the hand. By
tightening these flaps in the desired position, we
can create the right cosmetic look of the thumb
(Fig. 4.36). Equally important, the web space can
be created so that no scar is placed immediately
within the web space but rather dorsally. The scar
should be a zigzag to avoid contraction in the
future. It is important to note that the flexor ten-
dons are not tightened. The flexor tendons can be
free to avoid scarring while the child grows. The
flexor tendons become competent approximately
6 months after pollicization.

Once all these steps have been completed, the
tourniquet is released. We must check for good
perfusion of the thumb. The skin should be
trimmed to give the thumb a good cosmetic
appearance. Before the dressing is applied, we
should observe that the capillary refill is not too
fast, which will mean that some venous obstruc-
tion is present. The dressing should be applied in
a non-constrictive manner by avoiding circum-
ferential dressing on the thumb. The elbow should
be placed at 90°. The wrist is placed in neutral
position. The tip of the thumb and the other digits
should be visible so that the viability of these dig-
its is maintained.
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Fig. 4.36 As the new thumb will have no opponens pol-
licis, the final position should have the new thumb touch-
ing the radio-palmar aspect of the tip of the long finger
when they are flexed. After the tourniquet has been
released for not less than 10 min, we check the speed of
capillary refill; if too fast, we need to release some of the
dorsal stiches to avoid congestion

Postoperative immobilization is essential. The
arm must be elevated in a long arm cast that is
maintained for 4 weeks. While applying the long
arm cast, make sure that the assistant is not
extending and bending the elbow as this will cre-
ate constriction dressing bands.

The cast is then replaced with a properly made
static brace that will maintain the thumb in a pal-
marly abducted position until the flexor tendons
become competent, in approximately 6 months
(Fig. 4.37). The patient’s parent (or guardian) is
given instructions for range-of-motion exercises
that could include the use of the child’s toys.

Pollicization is perhaps the most technically
demanding procedure that a hand surgeon per-
forms. To perform pollicization, the surgeon
must know anatomy, biomechanics, and micro-
surgery. Technically, the surgeon must know how
to plan and to manipulate skin flaps three dimen-
sionally: to elevate and then rotate the flaps. The
surgeon’s microsurgical skill must also be highly
developed just in case, at the end of the surgery,
there is no blood supply either to the elevated
index finger or to the middle finger left in place.

The results of pollicization depend upon the
initial anatomic anomalies: when only the thumb
is missing and the rest of the forearm muscles are
normal, the results are very good. The more severe
the anomaly, the less mobility can be expected,

Fig. 4.37 When the patient returns to the clinic for the
above elbow cast to be removed, a plastic brace made to
measure for the child is applied and used until the thumb
flexor tendons are competent. This brace is only removed
for bathing

especially in a radial clubhand. In a child with
severe radial clubhand, good results are not
achieved as easily as in a patient with only a miss-
ing thumb but a normal hand and forearm. In
severe cases of radial clubhand, the index is hypo-
plastic, the PIP joint is contracted, and there is
little mobility of the flexor and extensor tendons.
However, even in severe cases, the patients benefit
from pollicization because they will be able to use
the new thumb to grasp and to hold large objects
and will continue to use the ring finger and small
finger to grasp and hold small objects.

Variables in achieving good results include tim-
ing and the experience and skill of the hand surgeon.
Timing is crucial: the earlier the better. A young
child will be better able to adapt mentally to the
new thumb. However, the child should be at least
6 months old so that the immune system is fully
functional. Complications can arise from errors in
the surgical procedure. For example, insufficient
resection of the second metacarpal will make the
thumb too long. Failure to destroy the epiphyseal
plate will cause a flexion deformity. A lack of hyper-
extension of the MCP joint of the index finger at the
time of pollicization, or incorrect rotation, will cause
inappropriate opposition. Further complications can
arise from accidental injuries to nerves or vessels or
from inappropriate skin flap planning and excessive
tension of skin flaps that may cause postoperative
necrosis or infection. Of course, one disadvantage of
pollicization is that we reduce the number of digits.
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The advantages outweigh any disadvantage,
however, because pollicization gives a child a hand
with mobility, strength, sensitivity, and good corti-
cal representation that is not present in the hypo-
plastic thumb. Most children accept this new thumb
and use it naturally (Fig. 4.38). In fact, in a long-
term study, 11 patients who underwent polliciza-
tion were followed for an average of 27 years
(range, 20-38 years). The patients obtained good
functional and cosmetic results. The results were
maintained long-term [19]. Most importantly, pol-
licization gives the patient a new radial thumb that
functions better than a stiff or ulnar-side thumb.
Pollicization is also the most personally fulfilling
procedure because the surgeon restores the func-
tion and usefulness of the hand to a child
(Fig. 4.39a—d).

Fig. 4.38 We know that the child has accepted the opera-
tion when he starts to suck his new thumb. At this point,
nothing is needed; the child will use the hand with no
limitations

Fig.4.39 (a, b, ¢, d) The child should be able to open the
hand with a good span; this is achieved only if the thumb
can extend properly. Flexing the IPJ allows for a good and

strong pinch. He should be able to hold big objects with-
out the need for bilateral handling. Finally, he should be
able to manipulate objects at will
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Other Developmental Anomalies

Hyun Dae Shin and Soo Min Cha

Clasped Thumb

Congenital clasped thumb may present with a
number of findings including joint contracture
[1-6], tendon [1, 6], and ligament insufficiency
[4], intrinsic muscle abnormality [1, 2, 4], and
thumb index web space contracture [1, 2, 4]. This
deformity is usually associated with other gener-
alized musculoskeletal malformations, including
arthrogryposis, digitotalar dysmorphism, and
Freeman—Sheldon syndrome. The initial classifi-
cations have not been useful in the clinical set-
ting. Thus, a more practical approach has been
proposed by McCarroll [4] and expanded by Mih
[7] (Table 5.1).

Table 5.1 The classification of clasped thumb by
McCarroll and Mih

Type | Features

1 Supple thumb

Absent or hypoplastic extensor mechanism
11 — Joint contracture

— Collateral ligament abnormality

— First web space contracture

— Thenar muscle abnormality

IIT |- Associated with arthrogryposis or its
associated syndromes (mental retardation,
aphasia, shuffling gait, and adducted thumbs)

— Extensor mechanism may have minimal or no

abnormality
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Clinical Features

Extension lag is present only at the metacarpo-
phalangeal (MCP) joint, suggesting hypoplasia
of the extensor pollicis brevis muscle tendon unit
[5, 6]. Additional extensor pollicis longus and/or
abductor pollicis longus anomalies have also
been reported [7]. The diagnosis of clasped
thumb is often delayed because an infant fre-
quently holds the thumb within the palm for the
first 3—4 months. The male-to-female ratio is
reportedly 2.5:1 by Lin et al. [8] or 1:1 by
Tsuyuguchi et al. [9]. This difference can be
attributed to the wide variety of syndromes asso-
ciated with clasped thumb and their different
modes of inheritance, as well as the small num-
ber of reports in the literature that have docu-
mented the sex ratio of affected cases.

Treatment

The generally established treatment meth-
ods follow Weckesser et al. [10], Lipskeir and
Weizenbluth [1], and McCarroll [4], who divided
clasped thumb into two types (supple and com-
plex) and treated the supple type with splinting
and tendon transfer if splinting failed, while
the complex type was treated by correcting the
fixed contractures, reconstructing the lax liga-
ments, and tightening the skin as appropriate.
Tsuyuguchi et al. [9] treated types I and II cases
by splinting and operative treatment for type II1
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and type II cases that did not respond to con-
servative management. The results of splinting
are excellent for cases of type I clasped thumb
[8, 9]. The small number of patients who were
followed with a nonoperative treatment in this
study was attributed to the delayed presenta-
tion of the patients, which was after the age of
1 year. Surgery is indicated for children who
have failed splinting or present after 2 years of
age. However, the degree of impairment must be
considered during establishment of a treatment
plan. Mild MCP joint extension lag does not hin-
der hand function and does not always require
treatment (Fig. 5.1). Some deficiency of thumb
extension that prevents grasp warrants treatment.

Any associated thumb MCP joint or thumb/index
finger web space contracture also requires treat-
ment (Figs. 5.2 and 5.3). Initially, serial casting
or splinting may be tried to release the taut skin
and correct the contracture. Residual contracture
correction must be managed surgically. In a type
I clasped thumb, release of skin and subcutane-
ous tissue is usually sufficient to correct the con-
tracture. Thumb/index finger space deficiency
is treated with standard techniques of four-flap
“Z”-plasty or dorsal rotation advancement flap
[11]. A palmar skin deficiency requires a rota-
tional flap in the palmar aspect of the thumb
MCP joint. A modified dorsal rotation advance-
ment flap [12] provides a long wide flap that

Fig. 5.1 A type I clasped thumb with mild web contractures

Fig.5.2 A type II bilateral clasped thumb with web contractures
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Fig. 5.3 Clasped thumb in arthrogryposis

releases the thumb index web space with suture
lines far beyond the web. In addition, it releases
the palmar skin, even when very tight in cases of
severe narrowing of the web. A second incision is
made over the dorsum of the thumb metacarpal
and proximal phalanx. The extensor apparatus
is explored. The extensor pollicis brevis tendon
is usually present but is small and attenuated. A
tendon transfer is performed to reinforce thumb
extensor function. The extensor indicis proprius
tendon is the first choice, but it may or may not
be present [6, 7]. Absence of the extensor indicis
proprius requires selecting an alternative donor
tendon. Options are the flexor digitorum superfi-
cialis and the abductor digiti minimi muscle [7].
The tendon transfer is secured into the attenuated
tendon and/or the base of the proximal phalanx
(Fig. 5.4). Tendon transfer was done as an origi-
nal method using the bone tunnel of Broadbent
[5] or suturing the extensor indicis to the weak
extensor tendon of extensor pollicis brevis, as
introduced by Mih [7].

Treatment Considerations in Cases
of Arthrogryposis

Hand function is highly variable, with intrin-
sic thumb flexion usually preserved even in the
absence of other digital motion. There are sev-
eral different patterns of hand deformities, some

more commonly seen in specific arthrogryposis
subtypes (Table 5.2). As with the general cor-
rections for other deformities, fixed contractures
need arthrodesis, whereas passively correctable
contractures can be treated with a tendon transfer.
In type 1, the CMC status remains an extension
and the metacarpophalangeal (MP) shows a flex-
ion contracture that is not flexible, and MP joint
fusion (chondrodesis) is ideal. However, the more
common thumb position is type 2 (flexed CMC,
extended MP). In type 2, thumb opposition may
vary from opposition to one or several fingers
or to only the palm. If FPL motion is preserved
despite the absence of other functions, reorienta-
tion of the thumb would be the more beneficial
option for absence of proper prehension due to
improper orientation of the thumb. The first web
release is employed according to the degree of
contracture. Traditional four-flap Z-plasty, dorsal
rotational advance flap [12], and index rotational
flap (Fig. 5.5) [13] are performed concurrently
during surgery for chondrodesis/reorientation
types 1 and 2. Modified new flaps have been
introduced to cover a previous flap. Mahmoud
et al. [14] designed a new flap to widen the web
space further and correct the palmar contracture.
They emphasized that the index rotational flap of
Ezaki [13] provides insufficient skin at its apex,
with the possibility of an incomplete correction
and the frequent need for a thenar release incision.
Abdel-Ghani et al. reported 4 years of follow-up
outcomes in 39 patients with distal arthrogrypo-
sis [15]. They performed a modified rotational
advance flap for the first web, an a la carte release
of tight structures of the first web (intermetacar-
pal fascia, adductor pollicis muscle, first dorsal
interosseous muscle, and capsule of the carpo-
metacarpal joint of the thumb) to achieve full pal-
mar abduction of the thumb, and finally stabilized
the MP joint in extension by chondrodesis. They
explained the importance of chondrodesis, as the
presence of abnormal articular surfaces, poor
inefficient muscles for transfer, and global insta-
bility of the MP joints making other reconstruc-
tions unpredictable. Chondrodesis also shortens
the thumb ray, so it alleviates the need for release
of deficient skin on the flexor aspect of the thumb
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Fig. 5.4 A type II clasped thumb with web contractures.
(a) First, volar contracture was released by multiple
Z-plasty and advanced local flap. Capsulotomy and
adductor pollicis/volar plate release were performed.
Instead of extensor indicis proprius, fourth FDS was har-

Table 5.2 Classification of thumb contracture in chil-
dren with arthrogryposis
Joint status
Classification CMC MP
Type 1 Extended Flexed
Type 2 Flexed Extended
Type 3 Flexed Flexed

vested and transferred to extensor pollicis brevis (modi-
fied Becker’s method). (b) After 53 months after surgery,
abduction and extension of the thumb were all satisfac-
tory. Images courtesy of Dr. Woo SH, with original copy-
right holder’s permission

and may also alleviate the need for lengthening
the flexor pollicis longus muscle. In addition, they
recommend waiting until radiological appearance
of the ossific nucleus of the proximal epiphysis of
the proximal phalanx of the thumb. This allows
exposure of subcortical bone without injuring the
physis and ensures good bone-to-bone union.
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Fig.5.5 Index rotational flap

Trigger Thumb
Incidence and Etiological Findings

It is controversial whether pediatric trigger thumb
is a congenital or acquired condition. However,
several neonatal studies support the idea that it is
an acquired condition. Initially, Get et al. reported
an incidence of one patient per 2000 live births,
based on a somewhat small sample size. The term
“congenital” is now being abandoned because
widespread evaluations of newborns have failed
to discover trigger thumb. Rodgers and Waters
[16] examined 1046 newborns, and Slakey and
Hennrikus [17] examined 4719 newborns to
determine the congenital incidence of this condi-
tion; however, no infants with trigger digits were
identified by either study. After those reports,
Moon [18] examined 7700 neonates within the
first few days of life, and Kikuchi and Ogino [19]
examined 1116 babies within 14 days after birth

and noted no trigger thumbs. Furthermore, this
condition of postnatal growth would come to be
regarded not as “trigger thumb” but as “fixed
flexion deformities” of the interphalangeal joint.
The pathogenesis of trigger thumb was explained
by two interesting ultrasonographic studies. First,
Verna et al. [20] prospectively analyzed the FPL
tendon and A1 pulley using dynamic ultrasonog-
raphy in patients with pediatric trigger thumb.
They explained that triggering always occurred at
the Al pulley and that there was focal enlarge-
ment of the FPL without abnormalities in the Al
pulley. They suggested that the initial inciting
event is developmental enlargement of the FPL
tendon. A second study by Kim et al. [21] clari-
fied the anteroposterior and radioulnar diameter
of the FPL just under the A1 and normal A1 pul-
leys. They found that the radioulnar distance of
the FPL tendon increased to a greater extent than
did the anteroposterior distance of the FPL ten-
don in cases of trigger thumb. However, they
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postulated that the developmental mismatch
between the FPL tendon and the area under the
Al pulley is an important etiology of trigger
thumb because the anteroposterior to radioulnar
measurement ratio of the FPL tendon was similar
between the trigger and contralateral thumbs; in
this regard, the size of the FPL tendon in trigger
thumbs seems to proportionately increase.

Natural History

Itis controversial whether pediatric trigger thumb
is a congenital or acquired condition. However,
several neonatal studies support the idea that it is
an acquired condition. Dinham et al. [22] reported
that approximately 30% of trigger thumbs diag-
nosed prior to 1 year of age resolved, and about
10% diagnosed from 6 months to 1 year of age
resolved spontaneously. Higher rates of resolu-
tion have been reported from the serial studies on
Asian populations [23, 24]. In particular, Baek
et al. [25, 26] reported resolution of 63% of
thumbs at an average of 48 months follow-up and
75.9% of thumbs (an additional 12.9%) at an
average of 87 months follow-up. They empha-
sized that pediatric trigger thumb has the poten-
tial to spontaneously resolve after a sufficient
observation period of more than 4 years, without
developing residual deformities.

Treatment

Nonsurgical management, including passive
extension exercises as well as extension splint-
ing, has been attempted but often results in per-
sistently abnormal motion in 39-59% of patients
[27]. Although steroid injections are commonly
used to treat adult trigger fingers and are effec-
tive, they are not used in children and would be
difficult to perform in an outpatient setting.
Outcomes of splint therapy have been reported
for a series of 40 trigger digits that were treated
by applying a splint to hyperextend the interpha-
langeal (IP) joint during naptime and at night

[28]. Twenty-three thumbs were relieved com-
pletely, and three patients required surgery.
Slakey et al. [17] suggested that delaying surgery
for up to 3 years would not be detrimental with
regard to motion contracture. Kozin et al. [29]
established their own guidelines, such as >1 year
of age, with the need for stage IV surgery. The
surgical procedure consisted of general anesthe-
sia and loupe magnification. A transverse inci-
sion is made over the A1 pulley at the base of the
thumb on the palm side. The radial digital nerve
is identified and retracted. The A1 pulley is then
identified and released. No further manipulation
for a thickened nodule is needed. The wound is
closed, and a soft dressing is applied with 1-week
follow-up instructions. Percutaneous release [29,
30] of the A1 pulley has also been suggested, but
this does not negate the need for general anesthe-
sia (Figs. 5.6, 5.7, and 5.8).

Triphalangeal Thumb

Several classification systems have been used,
but the simplest and most often used is the Wood
classification, which is based on the shape of the
extra phalanx [31] (Table 5.3).

The incidence of triphalangeal thumb is about
1 in 25,000, representing about 3% of upper
extremity congenital anomalies. It can occur
sporadically, be inherited as an autosomal domi-
nant trait, or appear as part of a syndrome (Holt—
Oram syndrome).

Treatment

There is no consensus on how this condition
should be treated; thus, the definitive treatment
depends on the type of triphalangeal thumb. The
goal has been to reconstruct the thumb with ade-
quate function prior to the development of oppo-
sitional pinch, which occurs between 12 and 18
months of age. Treatment of a minor length dis-
crepancy or angulation can be delayed until later
in life.
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Fig.5.6 Trigger thumbs diagnosed at postnatal 9 months
were relieved by conservative treatment at 4 years

Fig. 5.8 (a) A sagittal sonographic view of a trigger
thumb showing thickening of the tendon (white arrows)
just proximal A1 pulley (yellow asterisk). The thumb was
passively extended during sonographic inspections with

e Type I: In an earlier presented case, excision
of the extra ossicle, with or without recon-
struction of the collateral ligament, and with
or without pinning was recommended to allow
for joint remodeling of the new IP joint with
time [32]. Usually, a dorsal approach is pre-
ferred, with a longitudinal incision through the
extensor mechanism. The extra phalanx is iso-
lated and its size delineated. Osteoperiosteal
sleeves are elevated from each side including
the collateral ligaments. The extra phalanx is
removed, and the collaterals are reattached
(Fig. 5.9). Wang and Hutchinson reported
good long-lasting results with acceptable

no more passage of the thickened area under the A1 pul-
ley. (b) After surgery, the thickened flexor pollicis longus
was identified with free movement. Images courtesy of
Dr. Woo SH, with original copyright holder’s permission



106

thumb IP range of motion (ROM) and no pain
after excision for 21 thumbs with average ages
of 22 months [33]. For cases that are older,
a closing wedge osteotomy through the delta
and distal phalanges with angular correction
and resection of the extra joint is suggested for
bony growth and further visualization of the
bone and joint cartilage [34].

e Types I and III: The principle is that the joint
with the greatest motion is preserved and the
joint with the least movement is fused. A large,
wedge-shaped extra phalanx has sufficient
length; thus, a simple excision would com-
monly evoke subsequent instability. Proper
bone resections, from the extra-phalangeal
and adjacent joint side, to shorten and realign,
should be performed. If there is a definitive

Table 5.3 The classification of triphalangeal thumb

Type Clinical features

Type I The extra phalanx is triangularly shaped,
often also called a delta phalanx

Type 11 Rectangular- or trapezoid-shaped extra
phalanx, which is not as developed as a
full phalanx

Type 11 Full extra phalanx

Fig. 5.9 Delta phalanx
was excised at 18
months and remained
satisfactory until 5 years

H.D. Shinand S. M. Cha

angulatory deformity, an asymmetric osteot-
omy could correct the deformity [35].

* Duplicated thumb: The dominant part of a
duplicated thumb should be preserved. If the
triphalangeal component is determined to be
the dominant part, the procedure for the extra
phalanx is based on the above explanation [29].

Symphalangism

Symphalangism is a rare condition in which the
IP joint presents as congenital ankyloses in the
thumb. The radial component in cases of thumb
duplication has been reported as symphlagism in
a few studies [36, 37]. It was used to describe an
autosomal dominant disorder affecting PIP joints
of the fingers [38, 39]. These are related to NOG
or noggin gene mutations [40, 41]. However,
many other studies considered congenitally stiff
DIP and MP joints to be symphalangism. The
nonhereditary symphalangism often seen with
symbrachydactyly has a sporadic pattern. Baek
and Lee graded three degrees, according to the
clinical manifestations and radiological findings
[42] (Table 5.4).
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Table 5.4 Classification of symphalangism

Grade | Grade 11
(fibrous symphalangism) | (cartilaginous symphalangism) | Grade III
Volar skin crease Faint or absent Absent Absent
Active motion Absent Absent Absent
Passive motion 10-20 Only jerk Absent or jerk motion

Joint space in simple
radiographs

Mild narrowing

Definite narrowing Joint space absent

Phalangeal head in lateral view | Round

Flat Fused to adjacent

bone

Baek et al. [42] suggested grade I or early
grade II thumb IP joint symphalangism before
the age of 7 years could be an appropriate surgi-
cal indication. They explained that the thumb
usually presents a slower progression than the
fingers. Takagi et al. [43] resected all radial com-
ponents of symphalangism and reported inevita-
ble restricted motion at the IP joint type
symphlagism (three cases) than at the MPJ joint
type symphalangism (three cases). The dorsal
capsule and dorsal halves of bilateral collateral
ligaments divide after a Y-shaped dorsal incision.
Gentle passive ROM exercises are initiated, with
assistance, 2 days after surgery. Baek et al.
explained that brain education may be needed to
actively flex the joints, probably because the
brain motor cortex for affected fingers has not yet
formed.
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Basic Anatomy of the Thumb

The thumb consists of only two phalanges, the
proximal and distal, and one metacarpal, but it
has greater movement than the other fingers,
and it also has three plane motions from the tra-
peziometacarpal joint like flexion, extension,
abduction, adduction, opposition, and retropul-
sion. The thumb interphalangeal (IP) and meta-
carpophalangeal (MCP) joints are hinge joints
stabilized by proper and accessory collateral
ligaments and volar plate. At the MCP joint, the
proper collateral ligament arises from the lat-
eral condyles and inserts on the volar aspect of
the proximal phalanx. The accessory collateral
ligaments arise more volarly and insert on the
volar plate and sesamoids. The trapeziometa-
carpal joint, the key joint of the thumb, gives
movements in three planes like sagittal, coro-
nal, and axial planes with the unique anatomy,
so-called the saddle joint. This joint consists of
the concavo-convex articular surfaces of the
thumb metacarpal base and the trapezium ori-
ented in opposition to one another with perpen-
dicular axes similar to two reciprocally opposed
saddles. The joint is stabilized by its capsule
and the palmar oblique, intermetacarpal, dorso-

Y.-R. Choi (<)

Department of Orthopaedic Surgery, Yonsei
University College of Medicine, Yonsei University
Health System, Seoul, South Korea

e-mail: yrchoi@yuhs.ac

© Springer Nature Singapore Pte Ltd. 2019

radial, and dorsal oblique ligaments. The pri-
mary restraints to dorsal subluxation and
dislocation are the palmar oblique ligament and
dorsoradial ligament [1].

All these three planar movements are con-
trolled by extrinsic and intrinsic muscles like
the flexor pollicis longus, the abductor pollicis
longus, the extensor pollicis brevis, the thenar
muscles (the adductor pollicis brevis, flexor pol-
licis brevis, and opponens pollicis), and the
adductor pollicis muscle. The median nerve
innervates most thumb muscles except the
adductor pollicis and the deep head of the flexor
pollicis brevis, which are innervated by the
ulnar nerve. The blood supply is mainly from
the princeps pollicis artery. Because of the
thumb’s unique, oblique orientation with respect
to the palm, radiographs need to be taken
orthogonally to the thumb, the lateral with the
thumbnail perpendicular to the X-ray film, and
either the posteroanterior or the anteroposterior
(Robert) view with the thumbnail parallel to the
cassette. The thumb carpometacarpal joint is
best evaluated with a Robert view in which the
forearm is fully pronated with the dorsum of the
thumb on the cassette and the X-ray beam
angled 15° from distal to proximal. (Fig. 6.1).
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Fig. 6.1 The thumb carpometacarpal joint is best evaluated with a Robert view in which the forearm is fully pronated
with the dorsum of the thumb on the cassette and the X-ray beam angled 15° from distal to proximal

Thumb Phalangeal Fractures
Distal Phalanx Fractures

Extra-articular Fractures

Distal phalanx fractures are common sport- and
work-related injuries and account for around
50% of all hand fractures [2]. These fractures are
commonly from direct trauma or crush injuries,
and the nail matrix and nail plate are often injured
together because the nail bed adheres closely to
the dorsum of the phalanx. Sometimes severe
soft tissue injuries combine with distal phalan-
geal fractures. Deep laceration, hyperextension,
hyperflexion, rotation, and, uncommonly, axial
load can produce these fractures. The most com-
mon types of distal phalanx fractures are commi-
nuted distal tuft fractures, longitudinal fractures,
transverse fractures, avulsion fractures, and intra-
articular fractures of the base.

A fracture of the fine cancellous bone at the
distal tip of the phalanx is termed a tuft fracture.
Tuft fractures are usually caused by a crush injury
and comminuted in nature and are almost always
associated with damage to the nail matrix or pulp
or both. The tuft fractures are generally stable
due to the adherence of the fibrous septa. Splint
immobilization including the IP joint for
3—4 weeks is usually indicated without reduction

or fixation. When there is painful subungual
hematoma, it should be evacuated. Dermal and
nail matrix lacerations should be repaired when
indicated. Follow-up radiographs often do not
show full osseous union, but it does not mean the
need of operative treatment. Stable fibrous union
is usually asymptomatic.

Transverse shaft fractures of distal phalanx
tend to be quite unstable and often presented with
a pseudomallet appearance as the fracture line is
often just distal to the insertion of the extensor pol-
licis longus tendon. Transverse fractures should
be evaluated for angulation as these are at greater
risk of displacement. Widening of the fracture line
may indicate entrapment of the nail bed within
a transverse distal phalanx fracture (Fig. 6.2). If
the fractures are minimally displaced or stable
after reduction, they can be immobilized with an
extension splint and care of soft tissue injury. If
avulsed, the nail plate should be reduced beneath
the nail fold to reapproximate the nail matrix and
stabilize the fracture. However, in case reduction
cannot be held in a splint, it necessitates an inser-
tion of a longitudinal Kirschner wire driven in a
retrograde fashion from the distal hyponychium
just under the nail plate across the fracture and into
the head of the proximal phalanx (Fig. 6.2). The
Kirschner wire is removed after achieving clinical
bone union usually around 4 weeks after surgery.
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Fig. 6.2 Transverse fracture of the distal phalanx of the  nychium just under the nail plate across the fracture and
thumb. Two longitudinal K-wires were driven to maintain  into the head of the proximal phalanx
reduction in a retrograde fashion from the distal hypo-

Fig. 6.3 Open comminuted longitudinal fracture of the distal phalanx of the thumb. The fracture was reduced and
pinned after repair of the nail matrix and reduction of the nail plate

Longitudinal extra-articular shaft fractures of (Fig. 6.3). Seymour fractures are open fractures
the distal phalanx are not common, and these of the distal phalanx in children due to a fracture
fractures are usually nondisplaced and stable. If at the physis (Salter-Harris type I or II). Like
displaced, the fracture can be reduced and pinned other open fractures, Seymour fractures need
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operative irrigation and debridement. Then, the
entrapped nail matrix should be pulled out to
reduce the fractures.

Intra-articular Fractures and Avulsions

Mallet Thumb

Avulsion fractures of the dorsal base of the dis-
tal phalanx are designated a “mallet finger.”
Although mallet finger is a common fingertip
injury, mallet thumb is relatively uncommon
(only 2-3% of all mallet injuries). Like other
mallet fingers, mallet thumb is caused by forced
flexion of an extended fingertip. Less common
hyperextension or hyperextension/axial load-
ing tends to cause the larger fractures and volar
subluxation of the distal phalanx. In children,
mallet thumb causes Salter-Harris type III or IV
fractures. The goal of treating mallet fractures is
to establish a congruent joint and minimize the
final extension lag. If the fracture involves less
than 30% of the joint and without volar sublux-
ation of the distal phalanx, it can be treated by
continuous extension splinting of the IP joint for
6 weeks. However, the fractures associated with
volar subluxation of the distal phalanx or joint
incongruity and the fractures greater than 30%
of the joint should be treated surgically to avoid
consequences like traumatic osteoarthritis, swan
neck deformity, and persistent IP joint stiffness.
Various surgical techniques have been described
to treat mallet fingers like extension block pin-
ning, percutaneous direct fragment fixation,
external fixator, tension band wire technique,
pullout wire technique, internal suture, tenodesis,
and open reduction with Kirschner wire fixation
or fixation with plate and/or screws, and they can
be used to treat mallet thumbs as well.

Extension Block Technique

The mallet thumb is placed on a receiver of an
image intensifier to get a true lateral image. Then,
the IP joint of the thumb is in maximum flexion
while checking the mallet fracture fragment to
move distally and little bit volarly. A
0.9 mm K-wire is introduced just posterior to the
fragment and driven into the proximal phalangeal
head at an angle of 30—45° to its long axis. The

fracture is reduced with the IP joint in traction
and slight extension but still in 10° flexion. When
the dorsal fragment is not reduced exactly, a sec-
ond dorsal block wire can be needed to reduce it.
The other 0.9 mm K-wire is then advanced from
the volar or lateral side of the finger and across
the IP joint to hold it in slight flexion [3]. The
wires are cut short, and a volar aluminum splint is
applied to protect. The wires are removed at
6 weeks, followed by intermittent volar splinting
for 2 weeks.

Open Reduction and Fixation

Occasionally an open reduction and fixation is
required to reposition significantly displaced
mallet fragments or chronic mallet fractures to
remove the callus that prevents indirect reduc-
tion. There are several dorsal approaches using
variants of extensile incision to the interphalan-
geal joint for the manipulation and fixation of the
fracture fragments [4]. When indicated, a trans-
verse crease incision is placed directly over the
fracture site, which can be localized with the aid
of fluoroscopy. Once the fracture site is exposed,
the fracture fragment is intentionally displaced,
and the hematoma, if present, is removed. Then,
the fracture fragment is manipulated and reduced
with the aid of a periosteal elevator or a similar
instrument with blunt tip and fixed with 0.7 mm
or smaller diameter K-wires or sometimes hypo-
dermic needles to maintain its reduction. In this
step, surgeons need to be careful not to break the
small dorsal fragment with reduction forceps and
not to damage the terminal tendon insertion. The
wires are removed at 6 weeks, followed by inter-
mittent volar splinting for 2 weeks. If the frag-
ment is big enough, a specially designed plate
like a hook plate can be applied to fix it (Fig. 6.4).
The plate construct can be removed at 3 months
when the fracture has healed completely.

Avulsion Fractures of the Volar Lip

Avulsion fractures of the volar lip of the base of
the distal phalanx usually represent impaction
fractures after a dorsal IP dislocation or, rarely,
avulsion of the flexor pollicis longus, called the
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Fig. 6.4 Mallet fracture of the distal phalanx of the
thumb. A hook plate was applied to fix the displaced frag-
ment with a dorsal approach

Fig. 6.5 Volar lip fracture of the distal phalanx of the
thumb with dorsal subluxation of the distal interphalan-
geal joint which was transfixed with two K-wires after
reduction

bony jersey finger. If the avulsion fractures are
associated with unstable IP joints, disruptions of
the collateral ligaments and the volar plate will
be present. In these cases, the IP joints can be
transfixed with a K-wire to immobilize them for
4 weeks (Fig. 6.5). The bony jersey finger is
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uncommon but usually needs surgical fixation
with suture anchor, pullout wire/button, or mini-
screws depending on the size of bony fragments
using a volar zigzag incision [5]. Open fixation is
usually possible when that is diagnosed within
10 days of injury.

Proximal Phalanx Fractures

Displaced spiral or oblique fractures of the
proximal phalanx can be treated by percutane-
ous pinning or by open reduction using either
Kirschner wires or interfragmentary screws.
Transverse proximal phalanx fractures tend to
angulate the apex volarly by the pull of the the-
nar intrinsics on the proximal fragment and the
extensor pollicis longus on the distal fragment.
If there is more than 20-30° of angulation in the
lateral plane, it results in an extensor lag of the
IP joint, so it should be reduced and maintained
by percutaneous pinning or by open reduction
with either Kirschner wires or interfragmentary
screws (Fig. 6.6). If open reduction of a fracture
of the proximal phalanx is indicated, a dorsal
“Y”-shaped incision with sparing the extensor
pollicis longus insertion is useful. Then, the frac-
ture can be reduced indirectly or directly while
moving the extensor pollicis longus side to side.

Metacarpal Fractures

Fractures of the thumb metacarpal can occur in
three locations: shaft and base fractures and intra-
articular fractures of the trapeziometacarpal joint.

Extra-articular Fractures

Extra-articular fractures through the base are
common and are usually transverse or mildly
oblique. Angulation up to 30° is acceptable for
extra-articular thumb metacarpal fractures due to
the motion at the TM joint. However, apex dorsal
angulation of more than 30° will narrow the web
space between the thumb and index finger and
cause compensatory metacarpophalangeal joint
hyperextension, which can result in unacceptable
malunion. So, the extra-articular metacarpal frac-
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Fig. 6.6 Bicondylar fracture of the proximal phalanx of the thumb. Multiple mini-screws were inserted after open
reduction to fix the fragments of the proximal phalanx

tures which are angulated more than 30° are indi-
cated for closed or open reduction to prevent
unacceptable malunion. A true lateral radiograph,
having superimposition of the thumb MP joint
sesamoids, is necessary to evaluate the degree of
angulation. The majority of extra-articular meta-
carpal fractures can be treated with immobiliza-
tion in a thumb spica cast or splint that excludes
the distal phalanx with or without reduction
maneuver. The displaced thumb metacarpal frac-
tures can be easily reduced by longitudinal trac-
tion, downward pressure on the apex of the
fracture angulation with mild pronation of the
distal fragment, and thumb extension. If an
acceptable reduction cannot be maintained with
immobilization alone, these fractures are needed
to fix with crossed two Kirschner wires (Fig. 6.7).
Some surgeons prefer open reduction and inter-
nal fixation with plate and screws because its
construct provides a more stable fixation than
K-wires that can permit earlier motion and return
to daily activities. The fracture is approached by

splitting the dorsal apparatus between the exten-
sor pollicis longus and extensor pollicis brevis.
Comminuted thumb metacarpal shaft fractures
are usually the result of direct trauma and are often
associated with soft tissue injury. Fracture stabiliza-
tion must be individualized. Open shaft fractures
may require an external fixator to prevent metacar-
pal shortening and to allow soft tissue healing.
Extension of the frame to the index metacarpal helps
prevent a thumb/index finger web contracture.

Intra-articular Metacarpal Fractures

Metacarpal Head Fractures

Metacarpal head fractures are unusual because the
longitudinally directed force that produces them
is usually dissipated at the proximal metaphy-
sis or trapeziometacarpal joint. Displaced intra-
articular fractures require anatomic reduction.
Fixation can be obtained with percutaneous
Kirschner pins or by open reduction. The fracture
is approached by splitting the dorsal apparatus
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Fig. 6.7 Extra-articular fracture of the metacarpal base of the thumb. Angulation could be reduced and fixed with

closed or open method

Fig. 6.8 Fracture of the metacarpal head of the thumb. The
fracture was approached by splitting the dorsal apparatus
between the extensor pollicis longus and extensor pollicis
brevis and fixed with a headless compression screw

between the extensor pollicis longus and exten-
sor pollicis brevis (Fig. 6.8). With pin fixation,
the thumb is immobilized for 2-3 weeks before
initiating motion. With screw fixation, motion is
initiated at 5-7 days postoperatively.

Articular Fractures and Dislocations
of Thumb Metacarpal Base

Bennett’s Fracture

Bennett’s fracture refers to an intra-articular
two-part fracture separating the volar-ulnar
intra-articular fragment from the remaining
thumb metacarpal. An indirect axial load on
the partially flexed metacarpal can cause these
fractures. The volar-ulnar fragment is held in
place by the anterior oblique ligament (the
beak ligament) to the trapezium, and the
remaining metacarpal displaces dorsal, proxi-
mal, and radial direction by the pull of the
abductor pollicis longus, extensor pollicis lon-
gus, extensor pollicis brevis, and the adductor
pollicis longus [6-8]. These fractures are very
unstable due to these tendons’ pulls. Previously,
Gedda classified the Bennett fractures into
three types [8], with type 1 representing a frac-
ture with a large single ulnar fragment and sub-
luxation of the metacarpal base. A type 2
fracture represents an impaction fracture with-
out subluxation of the thumb metacarpal.
Lastly, a type 3 fracture represents a small
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ulnar avulsion fracture in association with
metacarpal dislocation.

Axial traction, palmar abduction, and prona-
tion of the metacarpal are applied to achieve
proper reduction of the fracture while applying
external pressure over the metacarpal base.
Thumb extension (hitchhiker position) should
be avoided to prevent the joint from displace-
ment. The goal of reduction is less than 1 mm of
articular step-off. Whereas Bennett advocated
conservative treatment with a thumb spica cast,
surgical fixation is needed because poor out-
comes have been reported with casting alone
[9-12]. So, while the reduction is held, we drill
a Kirschner wire obliquely across the trapezio-
metacarpal joint or to the second metacarpal. An
additional K-wire through the metacarpal to the
volar-ulnar fragment may be added (Fig. 6.9)
[13-15]. If the closed reduction fails, open
reduction and internal fixation should follow,
most commonly through a Wagner incision [14].
The longitudinal limb of this incision is over the
subcutaneous border of the thumb metacarpal
(between the abductor pollicis longus and the
thenar muscles) and is extended proximally and
ulnarly to the radial border of the flexor carpi
radialis. The thenar muscles are reflected sub-
periosteally, the joint capsule is incised, and the
fracture is visualized. When articular congruity
has been restored, the Bennett fragment is held
reduced with either reduction forceps or a small
bone hook. Fixation of large fragments is

Fig. 6.9 Bennett
fracture of the thumb.
Proper reduction was
achieved with axial
traction, palmar
abduction, and pronation
of the metacarpal while
applying external
pressure over the
metacarpal base. Then,
the fracture was
stabilized using
percutaneous pinning
with two K-wires
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secured with K-wires or a 1.5 mm or 2 mm
small screw. An additional trans-articular pin
fixation may be needed to protect the reduction.
Postoperatively, if pins are used, the trans-artic-
ular pin is removed at 4 weeks, and the pins
holding the fracture fragment are removed at
6 weeks.

Rolando Fracture

The term Rolando fracture is applied to any com-
minuted intra-articular fracture of the base of the
thumb but ideally should be reserved for Y- or
T-pattern fractures that include the volar-ulnar
Bennett fragment in addition to a dorsal radial
fragment. When there are two large fragments,
without considerable comminution, conduct
open reduction and internal fixation through the
Wagner incision as described earlier (Fig. 6.10).
Longitudinal traction is applied first, and the two
articular fragments are reduced with a reduction
clamp and fixed provisionally with K-wires.
Various methods of fixation have been described
including K-wires, tension banding, and plate
and screw fixation [16, 17].

For comminuted fractures, distraction and
reliance on ligamentous reduction of the frag-
ments may be used. Distraction can be achieved
with oblique traction pinning. Alternatively, the
fracture can be spanned and distracted using
external fixation [18].
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Fig.6.10 Rolando fracture of the thumb was reduced and fixed through the Wagner incision

Dislocations
Thumb IP Dislocations

Thumb IP joint dislocations are usually dorsal
or lateral. Reduction can be easily accomplished
with application of direct dorsal pressure on the
distal phalanx while applying longitudinal trac-
tion under digital block anesthesia [19]. After
reduction, stability of the joint should be assessed,
and postreduction radiographs should be taken
to evaluate for concentric reduction. Treatment
consists of immobilization for 2-3 weeks in a
finger splint. Instability after reduction is very
uncommon.

Irreducible dislocations may be secondary to
palmar plate interposition and require open
reduction through a dorsal approach. The exten-
sor pollicis longus terminal slip should be pro-
tected, and the interposed volar plate should be
reduced over the proximal phalanx head.
Sometimes partial excision or longitudinal split
of the volar plate is required for accurate joint
reduction [19]. Trans-articular pinning in full

extension for 2-3 weeks is usually adequate if
postreduction joint instability is noticed.

Thumb MCP Dislocations

Thumb metacarpophalangeal dislocations are
typically dorsal and occur secondary to a hyper-
extension injury with associated injuries to the
collateral ligaments, volar plate, and capsule.
Palmar MCP joint dislocations are relatively rare
conditions. Dislocations are classified as simple
or complex based on reducibility with closed
maneuvers. The MCP dislocations present with a
hyperextension deformity at the joint and meta-
carpal adduction. In complex dislocations, the
proximally avulsed volar plate or the flexor pol-
licis longus tendon is often interposed [19, 20].
Before trying closed reduction, proper radio-
graphic evaluation is necessary including stan-
dard posteroanterior and true lateral radiographs
to evaluate for associated fractures. Closed reduc-
tion can be accomplished under local anesthesia
with wrist flexion to relax the flexor tendons,
gentle recreation of the hyperextension deformity
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at the MCP joint, and a palmar-directed force on
the base of the proximal phalanx to reduce it onto
the metacarpal head. Longitudinal traction should
be avoided because the displaced flexor pollicis
longus on the ulnar side of the metacarpal head
and the displaced adductor pollicis muscle on the
ulnar side of the metacarpal can strangle the
metacarpal neck and can convert a reducible dis-
location into an irreducible one.

If closed reduction fails, open reduction is
required, most commonly via a dorsal or volar
approach based on surgeon preference. The dorsal
approach through the interval between the exten-
sor pollicis brevis and longus has the advantage of
minimal risk to the neurovascular bundles, whereas
the volar approach with a Bruner incision has the
advantage of allowing direct visualization of struc-
tures that may be impeding reduction like volar
plate, sesamoids, and flexor pollicis longus. After
reduction, the thumb is immobilized in a dorsal
block splint with the metacarpophalangeal joint in
10° more flexion than the point of instability. Each
week thereafter it is extended 10° until terminal
extension is obtained. If, after reduction, the joint
remains unstable and the collateral ligament is
completely torn, operative repair is indicated.

Thumb TM Joint Dislocations

Injuries to the thumb carpometacarpal or trape-
ziometacarpal joint may be complete or partial.
Partial injuries are far more common and result in
varying degrees of joint subluxation. Complete
injuries with dislocation of the thumb carpometa-
carpal joint are relatively rare and occur when a
flexed metacarpal is loaded axially. Dislocations
are invariably dorsoradial and result in tearing of
the dorsoradial ligament and volar oblique liga-
ment [1]. These dislocations typically reveal
adducted thumbs that reduce with a palmar-
directed force or thumb extension. Radiologic
evaluation must be performed to rule out associ-
ated fractures at the joints.

The dislocated joints need to be reduced
immediately and assessed for joint stability. If the
joint is well reduced and stable after reduction,
immobilization in a thumb spica cast for

4-6 weeks may be sufficient to maintain reduc-
tion and achieve long-term stability. However,
the joint frequently remains unstable, and if so,
open reduction and repair of the dorsal radial
ligament with trans-articular Kirschner wire fixa-
tion are indicated. If dislocations present more
than 3 weeks after trauma or there is persistent
instability after proper initial treatment, ligament
reconstruction with a radial half of the distally is
advised based on flexor carpi radialis tendon as
described by Eaton and colleagues with a Wagner
incision [21], a dorsoradial incision made along
the proximal half of the first metacarpal curving
ulnarward proximally around the base of the the-
nar eminence parallel with the distal flexor crease
of the wrist. The carpometacarpal joint of the
thumb is exposed subperiosteally, and the distal
part of the flexor carpi radialis is isolated. A 6 cm
distally based strip of the flexor carpi radialis is
harvested from the radial side of the tendon and
freed proximally. The thumb metacarpal is then
reduced on the trapezium and secured with a
Kirschner wire ensuring that its path will not
interfere with the site through which the tendon
transfer will eventually pass. A hole is drilled
transversely through the base of the thumb meta-
carpal ulnar to the extensor pollicis brevis tendon
exiting near the volar beak. The harvested tendon
strip is passed through this tunnel deep to the
abductor pollicis longus tendon and sutured to
the periosteum near its exit. It is then looped
around the flexor carpi radialis near its insertion
and sutured to the base of the thumb metacarpal.
Postoperatively, the thumb is immobilized for
4 weeks in extension and abduction.

Summary

Fractures and dislocations of the thumb are rela-
tively common. The thumb’s unique orientation
gives the hand great capability and predisposes
the thumb to certain injuries, particularly of the
metacarpal base. Given the greater movement of
the thumb, some residual deformities from extra-
articular thumb fractures are more acceptable
than that of the other fingers. Rotational defor-
mity rarely induces a disability. However, intra-
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articular fractures should be critically treated
with the goal of anatomic joint reduction to avoid
stiffness and pain with post-traumatic arthritis.
Most traumatic dislocations of the thumb can be
treated nonoperatively via closed reduction and
immobilization. However, surgical treatment is
necessary if the joint is not concentrically reduced
or unstable after reduction.
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Collateral Ligament Injuries

Ji Hun Park and Jong Woong Park

Collateral Ligament Injuries
of the Metacarpophalangeal Joint
of the Thumb

The thumb collateral ligament ruptures at the
metacarpophalangeal (MCP) joint are one of the
most common injuries to the hand. Such injuries
may result in joint instability, leading long-term
pain and functional disability. In 1955, Campbell
[1] described the “gamekeeper’s thumb,” refer-
ring to chronic attritional attenuation of the ulnar
collateral ligament (UCL) in Scottish gamekeep-
ers who repetitively received valgus stress while
killing a wounded rabbit using the first web space
between the thumb and index finger. On the other
hand, it is possible that the injuries occurred
acutely with sudden forced radial deviation of
thumb. This acute injury to the UCL is termed
“skier’s thumb,” because it is a common skiing-
related injury [2]. In one study, UCL ligament
injuries of the thumb accounted for 33% of all
upper extremity injuries and 7% of all skiing
injuries [3]. Radial collateral ligament (RCL)
injury of the thumb occurs less frequently than
UCL injury and approximately 10-40% of col-
lateral ligament injuries of the thumb [4-6].
However, if they are not recognized and
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neglected, they lead to the similar complications
and functional disability. Physical examination
and management of UCL and RCL injuries
appear similar, but there are anatomic differences
between the two sides of MCP joint. They may
dictate different approaches to injuries of these
ligaments, and each requires special attention.

The clinical examination of collateral ligament
injuries is crucial for distinguishing between partial
and complete ruptures. Although acute and partial
collateral ligament injury of the finger is usually
managed conservatively, complete rupture com-
bined with unacceptable instability should be
repaired primarily, particularly in athletes or man-
ual workers [7]. Effective management of both
acute and chronic injuries requires an anatomically
based examination, appropriate use of imaging
studies, and proper decision for treatment. Attention
must be directed toward repairing the collateral
ligament to its anatomic insertion or origin. Chronic
collateral ligament reconstructions with tendon
graft, although less successful than acute repair,
can restore stability of the thumb MCP joint. The
purpose of this chapter is to describe the treatment
algorithms and surgical techniques for collateral
ligament injuries of the MCP joint.

Anatomy
The MCP joint of the thumb is a diarthrodial con-

dyloid joint. Primary movement is flexion—
extension and secondarily allows motion planes
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for abduction—adduction and pronation—supina-
tion. Joint motion varies from one individual to
another widely according to the shape of the
metacarpal head. In one study, rounder thumb
metacarpal head showed greater MCP joint range
of motion (ROM) than a flatter thumb metacarpal
head [8].

Static stabilizers of the MCP joint include the
articular surface congruity, the volar plate, the
proper collateral ligaments, and accessory liga-
ments. Proper ligament arises from the lateral
condyles of the metacarpal head and pass
obliquely to insert on the volar third of the proxi-
mal phalanx. This structure becomes tight in flex-
ion and loose in extension, serving as the primary
restraint to valgus stress with the thumb MCP
joint in flexion (Fig. 7.1a) [9]. The accessory col-
lateral ligament originates more volar side on the
metacarpal head and inserts onto the volar plate
and sesamoid on either side of the joint. This
structure becomes tight in extension and loose in
flexion, serving as the primary restraint to valgus
stress with the MCP joint in extension (Fig. 7.1b)
[9]. Dynamic stabilizers of the thumb include the

Fig. 7.1 The collateral ligaments of the thumb metacar-
pophalangeal joint. (a) The proper ligament (/) becomes
tight and accessory ligament (2) becomes loose in flexion.
(b) The proper ligament becomes loose and accessory
ligament becomes tight in extension (3, sesamoid; 4,
proximal phalanx)

thumb intrinsic muscles (abductor pollicis brevis,
flexor pollicis brevis, and adductor pollicis mus-
cles) and extrinsic muscles (extensor pollicis lon-
gus, extensor pollicis brevis, and flexor pollicis
longus muscles). The adductor pollicis muscle
inserts onto the proximal phalanx and ulnar sesa-
moid and the adductor aponeurosis and serves as
the primary dynamic stabilizer of the MCP joint
and resists valgus stress (Fig. 7.2a). The similar
mechanism exists on the radial side with the
abductor pollicis brevis and flexor pollicis brevis
muscles, which actively resist varus stress
(Fig. 7.2b).

Anatomical origins of UCL and RCL are not
mirror images of each other. Their origin and
insertion sites are important concerns in anatomi-
cal repair. In one cadaveric study, UCL center of
the metacarpal origin was reported 38% from the
dorsal edge of the metacarpal head. The center of

Fig. 7.2 Dynamic stabilizers of the thumb metacarpo-
phalangeal joint. (a) Ulnar side of the thumb. (b) Radial
side of the thumb (/, adductor aponeurosis; 2, extensor
pollicis longus tendon; 3, extensor pollicis brevis tendon;
4, adductor pollicis; 5, abductor aponeurosis; 6, abductor
pollicis brevis; 7, flexor pollicis brevis; 8, flexor pollicis
longus tendon)



7 Collateral Ligament Injuries

125

the phalangeal insertion was 24% from the volar
edge of the proximal phalanx. Meanwhile, the
RCL center of the metacarpal origin was reported
31% from the dorsal edge of the metacarpal head.
The center of the phalangeal insertion was 29%
from the volar edge of the proximal phalanx [10].

Pathologic Anatomy

In 1962, Stener [9] observed interposition of the
adductor aponeurosis between the torn UCL and
the MCP joint in complete avulsion of the distal
insertion of the UCL. He predicted that the
adductor aponeurosis prevents apposition of the
ligament back to its anatomic insertion and inter-
feres spontaneous healing of UCL. The occur-
rence of a Stener lesion has been reported about
64% and 88% of complete ruptures of the UCL
[9, 11]. This lesion is usually regarded as an indi-
cation for operative treatment, but this was not
substantiated.

The lesion of UCL injury has higher incidence
of distal avulsion compared with RCL injury.
Mostly UCL avulse at its distal insertion, and less
frequently, it also could be torn at midsubstance
or at the metacarpal origin [9, 12]. The site of the
tear of the RCL is more variable than is the site of
UCL tears. The RCL may tear midsubstance or
the metacarpal origin or proximal phalanx inser-
tion. Coyle [13] demonstrated proximal tears in
55%, distal tears in 29%, and midsubstance tears
in 16%. One possible explanation for greater
incidence of proximal tears with RCL injury
compared with UCL injury is the greater distal
insertion size of the RCL [14].

Diagnosis

Physical Examination
Patients with acute injuries usually have edema,
ecchymosis, and tenderness on the ulnar or radial
aspect of the MCP joint. The presence of a pal-
pable bump on the ulnar aspect of the MCP joint
may be indicative of a Stener lesion (Fig. 7.3).
However, this finding is commonly absent or not
prominent in chronic UCL injuries [11, 15].
Varus—valgus stress testing in UCL and RCL
injuries has great diagnostic value (Fig. 7.4).

Fig. 7.3 A bump can be palpated on the ulnar side of
thumb metacarpophalangeal joint in cases of ulnar collat-
eral ligament injury

Fig. 7.4 Valgus stress test of the thumb metacarpopha-
langeal joint. Absence of firm endpoint indicates rupture
of ulnar collateral ligament

Three-grade classification system is generally
used description, but there was no formal valida-
tion. Grade 1 injury (sprain) is tenderness along
the each collateral ligaments with symmetric lax-
ity compared with that of the contralateral thumb.
Grade 2 injury is a partial rupture with increased
joint laxity compared with contralateral thumb.
Grade 3 injury involves a complete rupture with
definite MCP joint instability. If the MCP joint
pain is too much to be examined stress test, local
nerve block with lidocaine can be used to obtain
adequate assessment.

The widely used criteria for determining UCL
instability is 30° of laxity of the ulnar side of the
joint when stressed radially in MCP extension
and 40° of flexion [16]. Another criterion for
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instability is a relative opening of 15° compared
with the contralateral side. In clinical situation, it
is expected that manual testing and measuring
angle are not precise enough to distinguish
between 30° and 35°. Furthermore, in a study of
100 normal individuals, a variation of more than
10° was found between their uninjured thumbs
[17]. According to these uncertainties of deter-
mining angle differences, we prefer to access
partial or complete ruptures by identifying pres-
ence or absence of firm endpoint to each stress
test.

Varus—valgus stress test should be performed
in both extension and flexion to determine the
status of the accessory and proper collateral liga-
ments, respectively. Heyman et al. [11] demon-
strated specified tests examining the integrity of
the UCL. At 30° of MCP joint flexion, greater
than 35° of valgus laxity indicates rupture of the
proper collateral ligament. At 0° of extension, the
accessory collateral ligament is taut. In their
study, valgus laxity greater than 35° when the
joint was positioned in extension and then
stressed consistently indicated the presence of
tears of the proper and accessory collateral
ligaments.

Radiographic Examination

Plain radiographs including posteroanterior (PA),
lateral, and oblique views of the thumb MCP
joint should be taken before any maneuver or
investigation of joint instability to rule out
accompanying avulsion fracture. The use of
stress radiographs has been described for diag-
nosing a UCL injury with >35° of valgus laxity
or 10-15° of increased laxity compared with the
contralateral thumb [18]. They are useful in the
evaluation of patients with equivocal laxity, but
not routinely performed when the physical exam-
ination is clear.

The making of stress radiographs can be lim-
ited by patient guarding and has demonstrated a
high rate of false-negative results [19].
Dislocations of previously nondisplaced liga-
ments caused by taking stress radiographs have
been reported [20]. Plain radiographs can also
reveal small avulsion fractures at the base of the
proximal phalanx combine with collateral liga-

ment injury. However, the radiographic location
of the fragment does not necessarily indicate
location of the collateral ligament [21].
Hintermann et al. [22] noted that fracture frag-
ments of UCL injury showed two types: a frag-
ment was attached to the UCL and a fragment
that was not attached to the UCL. The latter
might represent shearing fracture without liga-
mentous attachment, and it does not imply joint
stability even when they are nondisplaced [23].

Other diagnostic tests that have been reported
in recent studies include ultrasound, magnetic
resonance imaging (MRI), and magnetic reso-
nance arthrography [24]. Ultrasound is a quick,
noninvasive, and cost-effective imaging. Its use-
fulness has been reported throughout several
studies [25-27]. As in other surgical fields, how-
ever, the results of ultrasound tend to be depen-
dent on the examiner experience. A recent review
of level 1 studies investigating ultrasound diag-
nosis of UCL rupture demonstrated a sensitivity
of 76%, specificity of 81%, accuracy of 81%,
positive predictive value of 74%, and negative
predictive value of 87% [28].

Recent evolution of MRI with increased reso-
lution allows precise evaluation of integrity of
collateral ligaments. Previously reported cadav-
eric study of MRI for UCL injuries showed 100%
sensitivity and 94% specificity for detecting
Stener lesions [29]. Hergan et al. [30] directly
compared ultrasound with MRI and demon-
strated superior results with MRI: 100% specific-
ity and sensitivity. One study reported MRA to be
the most sensitive of tests for collateral ligament
tears of the thumb MCP joint [31].

Despite their great success to diagnose UCL
injuries, the cost-effectiveness of each techniques
remains under question. Accurate clinical exami-
nation should precede, but when the test is
unclear, further imaging investigation such as
MRI or ultrasound is generally recommended.

Treatment
Acute Injuries

The preferred treatment for acute grade 1 and 2
UCL injuries is immobilization using a cast or
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splint. Immobilization of MCP joint in a thumb
spica cast or splint with the interphalangeal (IP)
joint free is usually maintained for 4 weeks.
Active and passive ROM exercises are initiated
immediately after immobilization, with avoid-
ance of abduction or adduction forces at the MCP
joint. Grip and pinch strengthening is started 6
weeks after the initiation of treatment. Surgical
intervention is generally recommended for com-
plete rupture of UCL. Although a Stener lesion is
regarded as an indication for operative treatment,
its clinical diagnosis is difficult. When its clinical
finding is uncertain, advanced imaging tech-
niques such as MRI of ultrasound help to rule out
this lesion (Fig. 7.5). In cases of RCL, acute
grade 1 and 2 injuries can be treated the same as
the UCL. For grade 3 RCL injuries, recent litera-
ture favors surgical fixation to achieve a more
predictable good results. Rationale for surgical
fixation for grade 3 injuries is based on the fact
that the ulnar pull of the extensor pollicis longus
tendon maintains ulnar deviation of the MCP
joint [5]. It may allow the ligament to heal in an
elongated position. Untreated acute grade 3 inju-
ries of the thumb collateral ligaments may prog-
ress to late symptomatic instability and
degenerative arthritis of the MCP joint.

Operative Approaches

Many techniques have been described for repair
of the thumb collateral ligament. Both open and
have been

arthroscopic-assisted approaches

reported [32, 33]. Torn ligament can be fixed with
variable techniques including transosseous
sutures [12, 34, 35], periosteal suture [9, 36], and
suture anchors [7, 37-39]. Surgical repairs of
acute UCL rupture have been demonstrated con-
sistently satisfactory functional outcomes. In
cases of distal avulsion, repair to the anatomical
footprint is necessary to restore normal MCP
joint motion [40]. Authors prefer open repair
technique using a suture anchor.

Surgical Technique of Open Repair

of the Collateral Ligament Using

a Suture Anchor

The ulnar or radial side of the involved joint was
exposed through a lazy S-shaped incision cen-
tered at the joint line (Fig. 7.6). Branches of
superficial radial nerve should be marked and
protected throughout the operation (Fig. 7.7). In
case of UCL repair, the adductor aponeurosis was
cut and tagged. The adductor aponeurosis is cut 1
or 2 mm apart from the ulnar border of the exten-
sor pollicis longus to facilitate later repair. In case
of RCL repair, the abductor aponeurosis is
incised at the radial border of the extensor polli-
cis brevis. After a transverse capsular incision,
palmar and dorsal capsular flaps were gently ele-
vated and tagged. Although midsubstance rupture
can be repaired with nonabsorbable or slowly
absorbable sutures, mostly they are avulsed dis-
tally. Distal avulsion at the base of the proximal
phalanx is repaired using a small suture anchor

Fig. 7.5 Magnetic resonance imaging (MRI) and intra-
operative finding of acute ruptured ulnar collateral liga-
ment (UCL) with Stener lesion. (a) Coronal MRI showed
distal UCL avulsion with proximal retraction (arrow-

head). (b) Intraoperatively, adductor aponeurosis was
interposed between the thumb metacarpophalangeal joint
and torn UCL fiber (asterisk) which was superficial to the
adductor aponeurosis
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Fig. 7.6 The ulnar side lazy S-shaped incision for the
thumb ulnar collateral ligament repair

Fig. 7.7 A branch of superficial radial nerve should be
identified and protected during the dissection

(Fig. 7.8). Distal footprint of the ligament is care-
fully explored and prepared to reattachment by
clearing adjacent soft tissues. We drill anchor
hole at the distal footprint of the ligament which
is placed slightly more volar than the lateral mid-
line, accordingly to the reported anatomic attach-
ment site of the ligament proper. The center of
phalangeal insertion of UCL is 24% from the
volar edge of the proximal phalanx. The center of
phalangeal insertion of RCL is 29% from the
volar edge of the proximal phalanx [10]. Drill
tips are directed distally to the phalanx. After
insertion of the suture anchor, we verify the sta-
bility of anchor by traction on two suture ends.
Both needles are passed into the distal end of the
avulsed ligament and knotted together. Some
absorbable sutures can be additionally placed
between the reattached ligament and surrounding
structures.

Fig. 7.8 Repair of distal ulnar collateral ligament avul-
sion using a small intraosseous suture anchor and inser-
tion of transfixing K-wire

Capsular flaps and the adductor (or abductor)
aponeurosis are then repaired with an absorbable
suture in layer by layer. After skin suturing, a short-
arm thumb spica splint is applied in the operating
room. Immobilization is maintained for 3—4 post-
operative weeks, at which time active and gentle
passive range of motion is started. We prefer trans-
fixing the joint with the ligament repair, especially
in patients with large capsular tear or with low
compliance. The thumb MCP joint is held reduced
in 10-15° of flexion and a 0.9-mm K-wire is
placed. The K-wire is removed after 3 weeks in
UCL repair and 4 weeks in RCL repair cases.

In the case of a bone avulsion, small fragment
which involves MCP joint articular surface less
than 10% can be removed. Then, the avulsed lig-
ament is reattached into the bone defect using a
small anchor. When there is larger bone frag-
ment, it is reduced to an anatomical position into
the defect site. It may be fixed with small K-wire,
mini screws, or hook plate (Fig. 7.9).

Chronic Injuries

Chronic instability leads to functional impairment
including pain, weakness of thumb-to-digit pincer
grasp, and progressive osteoarthritis. Acute and
chronic injuries are generally distinguished using
6 weeks criterion. In the acute phase of injuries,
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Fig. 7.9 Refixation of ulnar collateral ligament avulsion
fracture using a small hook plate. (a) Avulsion fracture at
the base of the proximal phalanx with displacement. (b)
Postoperative radiograph taken after reduction and hook
plate fixation

the torn collateral ligament can be easily repaired
because its remnant is usually preserved and eas-
ily identified, but in many chronic cases, direct
repair is difficult, because remaining ligament tis-
sues are frequently attenuated and absorbed not
robust enough to repair. For chronic instability
without arthritic changes, surgical repair or recon-
struction is necessary. For chronic instability with
arthritic changes, arthrodesis is preferable treat-
ment considering patient symptoms and demands.

Operative Approaches

Many surgical techniques for the reconstruction of
chronic unstable collateral ligament injuries of the
thumb and fingers have been described. Of the vari-
ous available reconstruction techniques, a free ten-
don graft using palmaris longus tendon is the most
reliable. However, the optimal graft configuration
and adequacy of fixation methods remain subjects
of debate. The commonly used surgical techniques
are a tendon graft with a figure of eight configura-
tion through bone tunnels [41, 42], a tendon graft
with one drill hole at the base of the proximal pha-
lanx [34], or a tendon graft through drill holes in
the metacarpal and proximal phalanx [43]. In all
cases, reconstructed tendon ends are passed
through the bone tunnel, pulled out, and fixed with

a button on the skin or attached to bone with a sta-
ple. These bone tunnel techniques are also com-
monly used for the reconstruction of PIP joint
instability [44, 45]. An interference screw fixation
technique for fixation of grafted tendon has recently
been described [46]. The techniques for UCL
reconstruction can be applied to RCL reconstruc-
tion [21], and most RCL reconstruction techniques
use a free tendon graft with bone tunnels [6, 47].
Although these traditional fixation methods have
produced favorable clinical results, making bone
tunnels is technically demanding. Passing tendons
through bone tunnels is sometimes difficult, and
during passage of the tendon, there is a risk of
breaking the bone bridge. Recently, intraosseous
suture anchors have been widely used for ligament
repair in the shoulder, elbow, and knee and offer the
advantages of technical simplicity and mechanical
stability. The successful application of intraosseous
suture anchors for the treatment of MCP collateral
ligament has been used in acute injury [7, 39, 48]
and also in chronic injury [49].

Surgical Technique of Anatomical
Collateral Ligament Reconstruction

Using Suture Anchors and a Free

Tendon Graft

Author’s preferred technique for reconstruction
of the UCL ligament is using suture anchors and
a free tendon graft (Fig. 7.10) [49]. The configu-
rations of grafted tendons affect the stability and
natural articulation of joints. When the traditional
bone tunnel technique is used, it is difficult to
reconstruct grafted tendons that approximate to
original collateral ligaments due to the technical
difficulty associated with safely making bone
tunnels in narrow phalangeal bones. The collat-
eral ligament reconstruction using suture anchors
can minimize the risk of bone bridge breakage
and feasible to provide a straightforward means
of configuring grafts to approximate to the ana-
tomical shapes of ligaments.

The exposure is the same as that described
earlier for repair of acute ligament repairs. If
remnants of collateral ligament do not exist, three
suture anchors are used to hold the grafted tendon
(Fig. 7.11). Two anchors are placed at the base of
the proximal phalanx approximately 5 mm from
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Fig. 7.10 The reconstruction technique of the ulnar col-
lateral ligament using three suture anchors and palmaris
longus tendon graft. (a) Distal two and proximal one hole
drilling for the placement of three anchors. (b) The tendon

Fig.7.11 Three suture anchors are used to hold the grafted
tendon. One of the distal suture anchors is fixed at the lat-
eral center of the base of the proximal phalanx and the other
at the lateral volar side of the bone. The proximal suture
anchor is placed at the lateral center of the metacarpal head

the joint line; one is fixed at the lateral center of
the base of the proximal phalanx and the other at
the lateral volar side of the bone. The proximal
suture anchor is placed at the lateral center of the
metacarpal head. If the remnants of collateral
ligament tissue exist, only redundant end is
trimmed and some ligament preserved at the
metacarpal insertion site for the augmented
suture with the grafted tendon after anchor suture.

graft is sutured at the two distal anchors first. (¢) Two
limbs of the tendon graft are tied at the anchor of the meta-
carpal head. (d) The longer arm of the remaining graft is
sutured to the volar plate

Fig. 7.12 Two short transverse incisions are made at the
distal wrist crease and 5 cm proximal to the first incision
to harvest the half strip of the palmaris longus tendon

After anchor fixation, a free tendon graft is
harvested; the ipsilateral palmaris longus tendon
is preferred. However, when the palmaris is not
present, a one-third strip of flexor carpi radialis
tendon can be used. To harvest the palmaris lon-
gus tendon, two short transverse incisions are
made at the distal wrist crease and 5 cm proximal
to the first incision (Fig. 7.12). Only a half strip
of palmaris longus tendon is harvested using 2-0
nylon as a tendon stripper.
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Fig. 7.13 Tying the tendon graft at the three suture
anchors. (a) The tendon graft is sutured at the two distal
anchors first. Then, two limbs of the tendon graft are tied
at the anchor of the metacarpal head in reduced metacar-
pophalangeal joint. (b) The longer arm of the remaining
graft (asterisk) is turned down and sutured at the volar
plate to reconstruct the accessory collateral ligament

For anatomical reconstruction of the collateral
ligament, a proper collateral ligament portion is
first reconstructed by tying the tendon graft at the
two suture anchors previously fixed at the base of
proximal phalanx. While holding the graft under
adequate tension, two limbs of the tendon graft
are tied at the anchor of the metacarpal head. The
longer arm of the remaining tendon is turned
down to the palmar side and sutured to the volar
plate for the reconstruction of the accessory col-
lateral ligament (Fig. 7.13). The reconstructed
graft is then gently tested by applying lateral
stress to ensure adequate tensioning, and passive
range of motion is checked to confirm that the
reconstruction is not too tight. The joint is then
transfixed with a 0.9-mm K-wire, and each side
of the incised capsule is repaired (Fig. 7.14). At
anchor sites, the grafted tendon is sutured
together with the capsule to promote healing of

Fig. 7.14 Postoperative radiograph after ligament recon-
struction shows the placement of three intraosseous suture
anchors. Grafted tendon is protected by a temporary trans-
fixing K-wire

the graft. The adductor (or abductor) aponeurosis
is then repaired with a 5-0 absorbable suture.
After skin suturing, a short-arm thumb spica
splint or simple finger splint is applied in the
operating room.

Patients are splinted for 3-4 postoperative
weeks, at which time the K-wire is removed and
active and gentle passive range of motion is
started. We tend to have longer period of immobi-
lization of RCL injury than UCL because adduc-
tor muscle sometimes leads recurrent radial
laxity. During the immobilization period, IP joint
should be left free to move. Patient should be
taught to avoid radial or ulnar deviation stress for
3 months. Full activity is allowed after 3 months
postoperatively.

Technical Tip

* Always identify and protect the branches of
superficial radial nerve before incise the
aponeurosis.

e Preserve 1-2 mm adductor (or abductor) apo-
neurosis from the ulnar (or radial) of the exten-
sor pollicis tendon to facilitate later repair.

e Placed two anchors at the base of the proximal
phalanx approximately 5 mm from the joint
line; one is fixed at the lateral center and the
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other at the lateral volar side of the bone to
mimic anatomic insertion of the ligament.

e Place all three anchors before transfixing
K-wire; later insertion of anchor can be failed
due to crowding with K-wire.

e [Ifitis difficult to maintain adequately reduced
MCP joint while suturing graft tendon, trans-
fixing K-wire can be inserted first to prevent
ligament reconstruction in unexpected varus
or valgus position.

e Suturing the graft tendon ends considering the
reconstruction of the accessory ligament. The
longer arm of the remaining tendon can be
turned down to the volar side and sutured to
the volar plate for the reconstruction of the
accessory collateral ligament.

Dislocation of the
Metacarpophalangeal Joint
of the Thumb

Most common dislocations of the thumb MCP joint
are dorsal and occur from a forceful hyperextension
injury. Patients with acute dislocation usually have
edema, ecchymosis, and tenderness around the
MCP joint. In dorsal dislocation, proximal phalanx
is displaced dorsally and proximally, and bayonet-
like deformity of the thumb can be observed due to
the protrusion of the metacarpal head through the
ruptured volar plate and intrinsic muscle (Fig. 7.15).
Rupture of the volar plate usually ruptured proxi-
mally with the nondisplaced sesamoid. If volar
plate is ruptured at the distal part, sesamoid is dis-
placed proximally [50]. Dorsal dislocations are
mostly reducible; however, some can be presented
with irreducible dislocations. As first described by
Kaplan [51], refer to instances in which the volar
plate is avulsed from its attachment to the metacar-
pal and becomes interposed between the proximal
phalanx and the metacarpus. Various interposing
structures have been found to be responsible for the
failure of closed reduction, typically the volar plate,
the flexor and adductor tendon, the capsule interpo-
sition, and sesamoid bone incarceration.

Volar dislocations rarely occur as a result of
hyperflexion of the MP joint or a blow to the dor-
sum of the proximal phalanx in flexion. They are

J.H. Parkand J. W. Park

Fig.7.15 Radiographic appearance of dorsal dislocation
of the thumb metacarpophalangeal joint

mostly irreducible, and open reduction is usually
required for the cases presenting with interposi-
tion of the extensor tendons [52-54]. In some
cases, successful closed reduction has also been
reported [53, 55].

Treatment

The preferred reduction technique for dorsal dis-
location is hyperextension of the dorsally angu-
lated proximal phalanx with a gentle push over
the base of the phalanx and the metacarpal head.
Simple longitudinal traction can induce difficult
reduction secondary to the strain of the adductor
pollicis and flexor pollicis brevis [56, 57].
McLaughlin [58] demonstrated that if thumb
dislocation is not reduced through a proper tech-
nique, simple complete dislocation could be con-
verted to complex irreducible dislocation and
may require operation.

After satisfactory reduction is achieved, stabil-
ity should be assessed, and immobilization of the
MCP joint is maintained for about 4 weeks. If sig-
nificant instability of collateral ligament is
observed after the reduction, it should be treated
according to the acute UCL or RCL rupture.
Occasionally, closed reduction is not possible, and
open reduction is required. These cases may occur
when the metacarpal head is entrapped into the
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rupture of the volar capsules and thenar muscle. In
some cases, excessive contralateral traction may
cause the buttonhole effect in the metacarpal head,
resulting in over-tensioning of the surrounding
soft tissue structures. Radial condyle of first meta-
carpal is anatomically larger and more protruded
than ulnar condyle [59, 60]. Therefore, when this
radial condyle is entrapped through the tear of
radial part of volar plate during hyperextension
injury, closed reduction may not be possible.
There has been no consensus which is the best
surgical approach to treat these problems. Dorsal,
volar, or lateral surgical approach can be deter-
mined by surgeon preference. The advantage of
the volar approach is that it allows better visual-
ization and protection of the digital nerves, which

4
Ao

Fig. 7.16 Volar dislocation of the thumb metacarpopha-
langeal (MCP) joint. (a) Plain radiograph lateral view
shows volar dislocation of the right thumb MCP joint. (b)
The intraoperative photograph demonstrates the metacar-
pal head protruded through a tear in the dorsal capsule
(arrowhead). (¢) After reduction, valgus instability and the

are not visible through a dorsal approach [61—
63]. More recent evidence demonstrated that a
dorsal approach more often results in successful
reduction than does a volar approach. Because
the volar plate has been displaced onto the dor-
sum of the metacarpal head, a dorsal approach
provides ready access to this key structure [64].
Several authors describe how the volar plate can
easily be identified and divided through the dor-
sal approach, allowing reduction of the joint with
minimal soft tissue injury [65-67].

During surgical reduction, the soft tissue caught
in the joints should be removed, and the ruptured
volar plate, collateral ligaments, or sesamoid
should be anatomically restored (Fig. 7.16).
Postoperative care and rehabilitation protocol are

proximal stump of the torn ulnar collateral ligament
(UCL, asterisk) are observed. (d) Postoperative radio-
graph after suture anchor refixation of the torn UCL and
capsular repair. Joint pinning is maintained for 4 weeks.
(e) Thumb motion at 6 months follow-up
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Fig. 7.16 (continued)

similar with acute collateral ligament repair.
Although favorable functional outcome is expected,
stiffness is more common complication than insta-
bility. Patient should be counseled that they might
have some loss of the thumb motion and strength.
Frequently either ulnar or radial side of MCP joint
can be prominent because of scar tissue formation
at the area of injury and surgical repair.
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Arthritis of the Interphalangeal
Joint and Metacarpophalangeal

Joint
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Rheumatoid Arthritis

Rheumatoid arthritis is a systemic condition that
affects synovial tissue. Rheumatoid arthritis is
caused by hypertrophic synovitis, which eventu-
ally destroys the articular cartilage, causing
erodes and ruptures of the tendons, compression
of the surrounding nerves, and dislocation of the
joints. The involvement of the thumb of rheuma-
toid arthritis causes a variety of deformities as
synovitis begins in the joints. When synovitis
begins at the thumb metacarpophalangeal joint, it
results in boutonniere deformity (flexion of the
metacarpophalangeal joint, palmar subluxation
of the proximal phalanx, and hyperextension of
the interphalangeal joint). Surgery is recom-
mended when there is pain, deformity, and dis-
ability and includes synovectomy, tenodesis,
tendon transfer, arthrodesis, and arthroplasty.

Thumb deformity due to rheumatoid arthritis
was classified into five types by Nalebuff. This is
based on initial deformity and secondary com-
pensatory position of the metacarpal and
phalanx.

Type 1 is the most common, followed by type
3. Types 2, 4, and 5 are rare.
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Type 1 (Boutonniere Deformity)

It is most common and starts with proliferative
synovitis that occurs in MPJ. MPJ synovitis
stretches the joints and extensor hood, attenuates
the insertion site of extensor pollicis brevis
(EPB), and translates extensor pollicis longus
(EPL) into ulnar and palmar. This change in
force invokes MPJ hyperflexion, palmar sublux-
ation of the proximal phalanx, and IPJ hyperex-
tension. In the early stages, MPJ and IPJ
deformities can be passively corrected. However,
over time, fixed MPJ deformity occurs and then
occurs in IPJ. In the early stages, splinting, med-
ical treatment, and intermittent steroid injection
may be used as conservative treatment to slow
the pain relief and disease progression. Surgical
treatment is determined by the severity of joint
destruction, the possibility of passive correction
of deformity, and the patient’s expectation. In
the early stages of the proliferative phase where
pain is not controlled for conservative treatment
and MPJ flexion and IPJ hyperextension can be
passively corrected, surgical treatment includes
MPJ synovectomy and extension tendon recon-
struction. Extension tendon reconstruction is to
reroute the EPL to the proximal phalanx base to
provide additional power. For severely arthritic
joints that can’t be passively corrected and
unstable or dislocated joints with articular
defects, MPJ arthrodesis are recommended. It
has been known that it allows rapid return with
functional activity, low complication rate, and
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high fusion rate. In case of fixed MPJ and pas-
sively correctable IPJ, MPJ arthrodesis is recom-
mended. When arthritis develops in MPJ and
trapeziometacarpal joint (TMCJ), TMCJ arthro-
plasty and MPJ arthrodesis are recommended. If
both MPJ and IPJ have a fixed deformity, MPJ
arthrodesis and dorsal capsulotomy of IPJ can be
performed. IPJ arthrodesis is recommended for
severe IPJ deformities.

Type 2

It is a rare and combination of type 1 and type 3.
MPJ flexion, IPJ hyperextension, and TMCJ sub-
luxation or dislocation are developed. Treatment
is similar to treatment of type 1 and type 3.

Type 3 (Swan Neck Deformity)

It is second most common and is characterized
by MP joint hyperextension, IP joint flexion,
and metacarpal adduction. Synovitis starts at
TMCIJ leading to dorsal and radial subluxation
of TMCJ, adduction of the metacarpal bone,
tightening of the extensor tendon, and eventu-
ally MPJ extension and IPJ flexion. If conser-
vative treatment such as medication, splinting,
and intermittent steroid injection fails and
pain persists, resection arthroplasty with liga-
ment reconstruction and tendon interposition
may be performed. If MPJ deformity and joint
destruction are advanced, MPJ arthrodesis and
trapeziometacarpal resection arthroplasty are
recommended.

Type 4 (Gamekeeper Thumb)

It unusually occurs. As a result of MPJ synovitis,
the ulnar collateral ligament is affected, resulting
in laxity of ligament and deformity of the proxi-
mal phalanx with metacarpal adduction. In the
early stages, MP synovectomy and collateral lig-
ament reconstruction are performed. For more
advanced, MPJ arthroplasty or arthrodesis is
recommended.

Type 5

MPJ hyperextension due to laxity of volar plate
of MPJ occurs, and IPJ flexion due to tension of
FPL occurs. This requires the differentiation with
type 3 deformity. Treatment is to stabilize joints
by MPJ capsulodesis or arthrodesis.

Degenerative Arthritis

Degenerative arthritis is the most common joint
disease of the hands and is characterized by artic-
ular cartilage deterioration. Cartilage changes
appear as enlargement of joint, pain, swelling,
stiffness, contracture, and angular deformity.
Conservative treatment is the cornerstone of
treatment. If conservative treatment is not effec-
tive, surgical treatment is required. This is for
pain control and joint stability.

The osteophyte in the distal interphalangeal
joint is called the Heberden node, and the mucoid
cyst may occur at the joint boundary. The osteo-
phyte arising from the proximal interphalangeal
joint is called Bouchard node. Spur formation,
cartilage fragmentation, and limited motion with-
out dislocation are common. In the active phase,
the pain is severe, and the joints and adjacent skin
are inflamed. Direct trauma to the inflamed joints
is particularly painful. TMCIJ is the most com-
mon, followed by MPJ and IPJ. TMCI is the most
common site of primary osteoarthritis or post-
traumatic arthritis. Trapeziometacarpal osteoar-
thritis is the result of gradual volar trapezial
articular surface eburnation. MPJ is problematic
by ligament instability, especially by the ulnar
collateral ligament. Surgical treatment methods
include synovectomy, soft tissue reconstruction,
arthroplasty, and arthrodesis.

Arthrodesis of Thumb Joints

Arthrodesis of the IPJ and MPJ of the thumb can
be used in the treatment of rheumatoid arthritis,
primary osteoarthritis, and traumatic arthritis.
Traumatic arthritis can be caused by malunion
and nonunion after intra-articular fractures of IPJ
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and MPJ and may lead to traumatic arthritis after
instability due to injury of the ulnar collateral
ligament of the MCJ. Arthrodesis can be applied
in intractable pain, instability, and joint defor-
mity. In theumatoid arthritis, there are limitations
in the selection of implant fixation during arthrod-
esis due to insufficient soft tissue and bone. In
some cases, bone grafting may be required. The
thumb should be fused so that the end of the
fused thumb is in contact with the tips of all other
fingers. The carpometacarpal joints of the thumb
is abducted by about 40° and must be fixed at the
20° extension position to enable precise grasping
operation using the tip of the thumb. The MPJ is
recommended to be bent at 5-15°. IPJ is recom-
mended to be in 0-10° flexion. For successful
arthrodesis, a good cancellous-to-cancellous
bone contact and firm fixation should be done
with proper surface preparation. The most com-
monly used method for joint surface preparation
is the flat cut technique. There is a problem of
bone loss or shortening, but it is the most com-
monly used method. Finger joint fixation meth-
ods vary, ranging from K-wire to plate fixation
techniques.

IPJ Arthrodesis

The angle of the IPJ fusion of the thumb is fixed
with neutral or slight bending. Longitudinal or
crossed K-wires or tension band wiring (Fig. 8.1)
for internal fixation using 0.045 or 0.062-in.
K-wire is used. At present, intramedullary retro-
grade screw fixation using headless screws is
most commonly used (Fig. 8.2).

Y-incision is made on the dorsal side of
IPJ. After the skin flap is elevated, the extensor
tendon is cut at the insertion site of the terminal
tendon. Incise transversely the dorsal capsule and
collateral ligaments. Remove the osteophyte
around the joint. After exposing the joint surface
by flexing the joints, the joint surface is cut to flat
using small size saw, allowing the surface to bend
about 5° when coapted. A guide wire is inserted
through the intramedullary canal to the tip of dis-
tal phalanx tip. After reducing the joint, advance
the guide wire through the fusion site to the mid-

Fig. 8.1 Radiographs showing arthrodesis (b) with ten-
sion band wiring in a patient with degenerative arthritis of
interphalangeal joint of the thumb (a)

dle phalanx. Fluoroscopy confirms the position
of the wire and the extent of joint reduction.
Measure the appropriate length, make an incision
on the tip of the finger and drill to the proper
length. Insert the headless screw.

MPJ Arthrodesis

Arthrodesis is done at 5-15° flexion. Plate fixa-
tion, tension band wiring (Fig. 8.3), crossed
K-wire fixation, and interosseous wiring with
two orthogonal loops can be used. Currently,
plate fixation is preferred (Fig. 8.4).

A 4 cm long longitudinal skin incision is made
in the dorsal side of the MPJ of the thumb. The
dorsal cutaneous nerve is well preserved, and the
gap between the EPL and the EPB is exposed,
and the joint capsule is exposed. The capsule is
incised longitudinally, and then both collateral
ligaments are cut. After flexing the joints, use a
saw to cut the joint cartilage at an angle of 90°.
After the joints are coapted, temporary K-wire
fixation is performed, and fluoroscopy is per-
formed to confirm the state of the cut and the
angle of fixation. When the appropriate articular
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Fig. 8.2 A 68-year-old female patient with joint deformity due to rheumatoid arthritis (a). Preoperative (b) and post-
operative radiographs (c) after arthrodesis using headless screws

Fig.8.3 A 79-year-old male patient had saw injury and soft tissue defect at the metacarpophalangeal joint of the thumb
(a). Preoperative radiography (b) and arthrodesis using tension band wiring (c)

Fig. 8.4 A 56-year-old
female patient with
instability and arthritis
due to bilateral collateral
ligament injuries of the
metacarpophalangeal
joint the thumb (a) and
radiography after plate
fixation (b)
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surface was gained, fuse the MPJ using a mini-
plate of 1.5-2.7 mm in size. After fixation, cover
the plate with the joint capsule to prevent friction
between plate and extensor tendon. Suture the
skin using 4/0 nylon and immobilize with thumb
spica short arm splint.
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Arthritis of the Carpometacarpal

Joint

Seok-Whan Song and Joo-Yup Lee

Introduction

Osteoarthritis of the carpometacarpal (CMC)
joint of the thumb is one of the most common
symptomatic conditions of the hand. The preva-
lence of thumb CMC arthritis has been reported
up to 15% of women and 7% of men in the mid-
dle years of life [1]. The wide range of motion
contributes to the high prevalence of thumb CMC
arthritis [2]. The condition may be acquired due
to various underlying medical conditions, chronic
trauma, advancing age, hormonal factors, and
genetic influences [3]. Occupational factors are
also believed to have a role in the development of
thumb CMC arthritis [4].

This review will briefly introduce the patho-
physiology and clinical features of the CMC
arthritis and will discuss the possible surgical
options including ligament reconstruction, exten-
sion osteotomy, simple trapeziectomy, interposi-
tion arthroplasty, trapezium excision and ligament
reconstruction procedures, arthrodesis, and pros-
thetic arthroplasty. Clinical outcomes after differ-
ent surgical procedures are also presented.
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Pathophysiology

The CMC joint of the thumb is a biconcave-
convex or reciprocal saddle joint with inherent
instability. Because of the lack of bony stability,
the stability of the joint is dependent on ligamen-
tous structures. Although there is an association
between CMC joint instability and the subse-
quent development of arthritic changes, there is
no consensus on which ligament is primarily
responsible for the joint stability. There are four
primary ligamentous stabilizers in the CMC joint
of the thumb: the anterior oblique ligament, the
dorsoradial ligament, the intermetacarpal liga-
ment, and the posterior oblique ligament. The
primary stabilizer of the thumb CMC joint is the
deep anterior oblique ligament. Eaton reported
that the anterior oblique or volar beak ligament,
which originated from the palmar tubercle of the
trapezium and inserting to the volar aspect of the
first metacarpal, is the primary restraint to dorso-
radial subluxation [5]. This theory is supported
by anatomic studies showing a direct correlation
between the degeneration of the carpometacarpal
articular surface and the integrity of the beak
ligament.

Dorsoradial ligament is another important
structure to contribute the thumb CMC joint sta-
bility. Strauch and colleagues performed serial
sectioning of the ligaments of the CMC joint and
showed that the primary restraint to dorsal dislo-
cation was the dorsoradial ligament that connects
the dorsal and radial aspect of the trapezium to
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the dorsum of the metacarpal base [6]. The inter-
metacarpal ligament, which originated from the
dorsoradial aspect of the index metacarpal and
inserting to the ulnar aspect of the first metacar-
pal, was determined to be the primary stabilizer
to dorsal and radial subluxation according to
Pagalidis and colleagues [7]. The posterior
oblique ligament, which originated from the
dorso-ulnar aspect of the trapezium and inserting
on the palmar-ulnar aspect of the first metacarpal
base, was the primary stabilizer according to
Harvey and Bye [8].

Osteoarthritis of the thumb CMC joint occurs
in a predictable pattern. High compressive and
shear forces occur across the thumb CMC joint
during pinch motion. Eaton and Littler observed
that the dorsoradial facet of the CMC joint was
the first site of articular wear. Subsequent study
by Pellegrini et al. showed that arthritic changes
usually occurred in the palmar compartment, and
the area of cartilage eburnation corresponds to
the primary loading area during lateral pinch [9].
Pellegrini concluded that the degeneration of the
anterior oblique ligament results in dorsal trans-
lation of the metacarpal during lateral pinch
motion. The beak ligament is the focus of many
procedures designed to stabilize the thumb espe-
cially in the pronated position.

Clinical and Radiologic Findings

Clinical symptoms and signs of the arthritis of
thumb CMC joint are variable according to the
stages of the disease. From the vague pain and
discomfort to the frank swelling and instability,
the level of derangements of the anatomical
structures and biomechanics of thumb CMC joint
determines the clinical and radiologic findings.
Usually the symptoms start with vague discom-
fort at the CMC joint and often aggravated with
powerful pinch and grasp. It is possible to iden-
tify the maximum tender point on the radial side
of thumb basal joint. However, sometimes the
patient cannot locate the tender point at the joint
and describes as the pain of whole or part of the
thumb. With the advancement of the arthritis,
physical examination reveals swelling around the

joint, tenderness at the joint, sometimes pain
radiating to the radial aspect of the forearm, and
decreased pinch power. Crepitus over the joint
can be felt, and the grind test is positive when it
causes pain and/or crepitus at the joint [10].

Finally, if the stabilizing ligaments, especially
anterior oblique and/or dorsoradial ligaments,
were attenuated, instability of the joint is estab-
lished with dorsoradial protrusion of the base of
the first metacarpal bone. The subluxation can be
described as dynamic or fixed. In dynamic sub-
luxation stage, i.e., an active instability stage, the
CMC joint subluxes and reduces during active
pinch and release. However, when the arthritis
progresses, narrowing of the joint space and
development of osteophytes decrease and prevent
the subluxation of joint and result to fixed defor-
mity as adducted position of the CMC joint and/
or hyperextended metacarpophalangeal joint of
the thumb [11].

Radiographic examination includes anterior-
posterior (AP), lateral, semi (45°)-pronated, and
semi-supinated oblique views. Hyperpronated
Robert view and oblique stress view (Fig. 9.1) are
also helpful to view the joint space clearly [12].
In general MRI or CT examinations are not
needed in preparation of an operation. However
if there is a severe deformity of the joint, CT

Fig.9.1 Posteroanterior oblique stress view of the thumb
showing subluxation of the right thumb carpometacarpal
joint (arrow)
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examination can be used to plan a more detailed
operative preparation [13] and MRI examination
for the detection of soft tissue pathology [14].

Burton classified the carpometacarpal joint
arthritis into a four-stage system, based on clini-
cal signs, symptoms, and radiographic findings
(Table 9.1). Stage I involves early degeneration
of the joint characterized by pain, ligamentous
laxity, and a dorsoradial subluxation. Stage II
demonstrates increased instability, chronic sub-
luxation, and degenerative changes in radio-
graphs. Stage III is a further progression of the
degeneration to involve the scaphotrapezial joint
or trapeziotrapezoid or carpometacarpal joint of
the index finger. Stage IV is either stage II or III
with metacarpophalangeal joint changes [15].

Eaton and Littler introduced a classification
system for staging the severity of CMC joint
arthritis in 1973, and Eaton and Glickel adapted
this to include degenerative changes to the sca-
photrapezial joint in 1987 (Table 9.2) [16, 17].
The Eaton classification remains the most com-
mon system employed to determine the stage of
the disease. Although this is the most useful stag-
ing system clinically, it relies on radiographic
changes only without the patient’s subjective and
objective findings.

Table 9.1 Burton classification for thumb carpometacar-
pal arthritis

Staging | Description

1 Pain, ligamentous laxity, slight subluxation

I Instability, chronic subluxation, radiographic
degenerative changes

1 Involvement of the scaphotrapezial joint

v Stage II or III with the metacarpophalangeal
joint arthritis

Table 9.2 Eaton classification system for thumb carpo-
metacarpal arthritis

Staging | Description

1 Normal joint or slight widening as a result of
coexisting synovitis

11 Joint narrowing due to cartilage wear and
osteophytes < 2 mm

1 Joint narrowing and osteophytes > 2 mm,
sclerosis, and cystic changes

v Scaphotrapezial involvement with advanced
carpometacarpal arthritis

Table 9.3 Arthroscopic classification system suggested
by Badia

Staging | Description

1 Intact articular cartilage, disruption of the
dorsoradial ligament and diffuse synovial
hypertrophy, inconsistent attenuation of the
anterior oblique ligament

I Frank eburnation of the articular cartilage on
the ulnar third of the base of first metacarpal
and central third of the distal surface of the
trapezium

1 Widespread, full-thickness cartilage loss
with or without a peripheral rim on both
articular surfaces

Badia recently introduced a classification with
carpometacarpal arthroscopy (Table 9.3) and rec-
ommended this arthroscopic staging to ensure
better judgment of this condition in order to pro-
vide the most adequate treatment option to
patients who have this disabling condition [18].

Treatment for Early Arthritis

In early CMC arthritis, nonoperative treatment is
always recommended before surgical interven-
tion. Nonsteroidal anti-inflammatory drugs and
thumb spica splint/brace may be helpful to relieve
pain and to return to an adequate level of function
[19]. Intra-articular steroid injections can offer
short-term pain relief in patients with early arthri-
tis [20]. Hypertonic dextrose injection may be
effective in reducing pain [21].

Because volar ligamentous laxity contributes
to carpometacarpal instability and arthritis pro-
gression, it has been suggested to reconstruct the
weak volar ligaments to treat early carpometacar-
pal joint arthritis. Eaton and Littler described a
procedure to reconstruct the volar ligaments by
using the half-slip of flexor carpi radialis tendon
through the base of the first metacarpal [16]. It
has been reported to slow the radiologic progres-
sion of arthritis in more than 90% of patients.
Although the patients have mild pain, they are
generally satisfied with the procedure. Another
procedure that can be done in early disease is
dorsal wedge extension osteotomy. This osteot-
omy can extend and abduct the metacarpal and
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unload the joint. It has the added benefit of cor-
recting adduction contracture that may be pres-
ent. Tomaino reported good to excellent long-term
pain relief in more than 90% of patients [22].
This procedure is contraindicated in patients with
global joint laxity and irreducible subluxation.

Treatment for Advanced Arthritis
Simple Trapeziectomy

Simple trapezial excision without soft tissue
interposition was first described by Gervis [23].
Based on the simplicity and low morbidity of the
procedure, trapeziectomy with hematoma arthro-
plasty has been increasingly used in clinical prac-
tice. Many authors agree that significant pain
relief can be achieved with trapeziectomy alone.
Although grip and pinch strength are often
decreased after surgery, the absence of pain
results in improved overall function. Multiple
studies have demonstrated the clinical success of
simple trapezial excision. Dhar and colleagues
reported that excellent pain relief and reasonable
strength and motion were obtained at the last
follow-up [24]. Hollevoet and colleagues found
no significant difference in motion, strength, and
trapezial height between simple trapeziectomy
and tendon interposition arthroplasty [25].

A prospective study comparing trapeziectomy
alone, trapeziectomy with palmaris longus ten-
don interposition, or trapeziectomy with liga-
ment reconstruction and tendon interposition was
performed by Dowing et al. [26]. They showed
that no statistically significant decrease was seen
in the trapezial space ratio in the three treatment
groups. In contrast, De Smet et al. reported trape-
zial height was much better preserved in the liga-
ment reconstruction group, and the remaining
trapezial space did significantly correlate with
key pinch force [27].

Trapeziectomy with K-wire fixation has con-
tinued to gain support as a reliable technique for
treating painful CMC arthritis. The results have
improved with modification to develop of a

fibrous pseudarthrosis from maturation of the
postoperative hematoma in the arthroplasty
space. Slightly overdistracting the first metacar-
pal also enhances the ability of the thumb to heal
with adequate stability [28]. This procedure is
especially useful in patients with low demand
and high morbidity.

Ligament Reconstruction

In Eaton stage I or II of the thumb CMC joint
arthritis, a ligament reconstruction may be
enough to prevent the further progression of the
disease [16]. If there is a chronic long-standing
instability with the weakness of ligaments, it may
lead to a potential osteoarthritis of the joint [29].
Ligament reconstruction has been proved to
improve the stability of the joint in a biomechani-
cal study [30]. It stabilizes the joint and reduces
those shear forces on the CMC joint [31]. It has
generally been felt that ligament reconstruction
be reserved for patients with very mild articular
changes and that it is contraindicated in patients
with stage III and IV disease.

Gervis described one of the oldest surgical
procedures, the concept of trapeziectomy with-
out suspension arthroplasty or tendon interposi-
tion [23]. Based on the work by Gervis [23] on
trapeziectomy and by Eaton and Littler [16] on
volar ligament reconstruction using the flexor
carpi radialis tendon, Burton et al. [32]
described the ligament reconstruction and ten-
don interposition (LRTT) arthroplasty and used
the flexor carpi radialis tendon and a bone tun-
nel at the base of the thumb metacarpal to main-
tain the trapezial height after resection of the
trapezium and thus, theoretically, preserve
thumb strength [33]. Although there is a debate
between anterior oblique ligament and dorsora-
dial ligament as a principal stabilizer of the
thumb CMC joint, the technique of ligament
reconstruction with flexor carpi radialis (FCR)
tendon slip is routed functionally and recon-
structs both the anterior oblique and dorsora-
dial ligaments [31].
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Operative Technique of Ligament
Reconstruction (Fig. 9.2)

The basal joint is opened through Wagner’s
approach. After the skin incision, along the
radial border of the first metacarpal bone and
trapezium, thenar muscles are sharply dissected
subperiosteally, and the dissection is extended
to the CMC and scaphotrapeziotrapezoidal
(STT) joints. The deeper dissections include
“T”-shaped incision over the ligament-capsule
of the CMC joint, the transverse fascial fibers
overlying the FCR tendon, and the dorsal and
volar soft tissues of first to second metacarpal
bases.

The inflammatory synovium is cleaned. After
the debridement of any osteophytes, manually
reduce the CMC joint. To avoid injury, the termi-
nal branch of the superficial radial nerve and
extensor pollicis brevis (EPB) tendon is retracted
in either direction. Between the insertions of the
EPB and abductor pollicis longus (APL) tendons,
the periosteum is sharply incised longitudinally,
about 1 cm distal to the CMC joint, and dissected
subperiosteally.

About 1 cm distal to the CMC joint, a
0.062 in. K-wire is inserted at the base of the
metacarpal, parallel to the joint and perpendicu-
lar to the metacarpal long axis. On the fluoro-
scopic examination, the correct position of the

Fig. 9.2 (a) The FCR tendon slip is harvested in half,
while the distal portion is attached to the insertion. (b)
The drill hole is placed through the thumb metacarpal
base and above the abductor pollicis longus tendon. (c)
The FCR tendon slip is passed through the hole and is
directed volarly along the radial side of the carpometacar-

pal joint. (d) The reconstruction is completed by passing
the FCR tendon slip beneath the intact part of the FCR
volarly and then back dorsally beneath the APL tendon to
which it is sutured (FCR flexor carpi radialis, APL abduc-
tor pollicis longus)
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K-wire is confirmed, and then 2.5 or 3.2 mm
drill bit is used to create a hole at the base of the
metacarpal. The size of the hole depends on the
size of the metacarpal and thickness of the half
of FCR tendon.

Half of distal FCR tendon is harvested as
follows. The distal insertion of FCR is identi-
fied, passing medial to the scaphoid tubercle.
About 10-12 cm proximal to the wrist crease,
usually at the musculotendinous area, proxi-
mal FCR tendon is identified, and 2 cm longi-
tudinal skin incision is made over the tendon.
Using #2-0 nylon suture material, without nee-
dle, pass through the distal half of FCR tendon,
and pass the both ends of nylon subcutane-
ously and preferably intra-FCR fascial proxi-
mally. The nylon material is pulled proximally
in seesaw motion until the desired length of
FCR is separated in half. Cut the radial half of
FCR tendon proximally and retrieve through
the distal incision. The proximal incision is
closed.

A folded end of #28 wire is passed dorsal to
volar through the drill hole. The 2—4 mm free end
of FCR tendon is inserted between the folded
ends of wire and drawn volar to dorsal through
the hole. The free graft end is passed under the
APL tendon insertion and across the volar cap-
sule and sutured the tendon to the dorsal and
volar capsules and the metacarpal periosteum
using #3-0 nonabsorbable suture. If FCR tendon
length is enough, the tendon graft is looped
around the sutured FCR tendon and sutured to
itself.

The tendon is kept in a moist sponge, and it
is important not to overtighten the graft. If pos-
sible the “T” incised capsule and soft tissues
are repaired, and the thenar muscles also are
repaired with absorbable suture. A short arm
thumb spica splint is applied and is removed at
3 weeks. Gentle and progressive use and range-
of-motion exercises are begun. Unlimited activi-
ties, including sports, are permitted at 6 weeks
postoperatively.

The author used to use the radial half of exten-
sor carpi radialis longus (ECRL) tendon instead

of FCR, to make a simple first to second inter-
metacarpal ligament reconstruction, as in the fol-
lowing technique (Fig. 9.3).

Through the modified Wagner incision, the
CMC joint of the thumb is opened dorsoradi-
ally. A second incision on the mid-forearm,
about the musculotendinous area of the ECRL
muscle, is made about 2 cm in length. ECRL
tendon insertion on the dorsal second metacar-
pal base is identified and longitudinally sepa-
rated in half. #2-0 nylon suture is passed
through the mid-ECRL tendon, and both ends
of nylon are passed to the proximal incision
through intra-tendon sheath space. Using see-
sawing movement, the nylon, without needle, is
pulled proximally until the desired length of
ECRL is separated in half. Cut the radial half of
ECRL tendon proximally and retrieve through
the distal incision. The proximal incision is
closed.

T-incision on the dorsoradial capsule and
first to second intermetacarpal base area is
made and exposes the two metacarpal bases.
From dorso-ulnar base of the first metacarpal
base, 2.5 mm drilling is made to the palmar
radially, and then another drilling, from dorso-
ulnar base of second metacarpal base, is made
to the palmar radial base of the second metacar-
pal bone. All drill holes are made about 5 mm
distal from the proximal articular surface of the
metacarpals.

Using #28 wire loop, the prepared ECRL
half tendon passed the first metacarpal base
from dorso-ulnar hole to palmar radial and
then from palmar radial hole to dorso-ulnar.
Pulling and tightening the tendon should make
the proper reduction of the first CMC joint
under the vision, and the ECRL tendon from
the dorso-ulnar hole of the second metacarpal
base sutured to the ECRL tendon insertion with
#2-0 nonabsorbable suture material. Additional
suture of the ECRL end can be done to the cap-
sule. Avoid too much tightening, because it may
make a limitation of motion or pain on motion.
We do not use K-wire to fix the joint and apply
short arm thumb spica splint for 3 weeks. After
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Fig. 9.3 (a) The ECRL tendon slip is harvested in half,
while the distal portion is attached to the insertion. (b)
The drill hole is placed through the thumb and second
metacarpal base. (¢) The ECRL tendon slip is passed
through the holes and is tightened to reduce the first car-

6 weeks the thumb is allowed to use activities
of daily living and 3 months later for normal
activities.

Prosthetic Arthroplasty

Once an arthritic change is established, the joint
cannot be made asymptomatic only with ligament
reconstruction. Prosthetic arthroplasty can provide
some benefits compared to trapeziectomy only and
trapeziectomy with ligament reconstruction. The
potential advantages include preservation of joint
biomechanics, avoidance of metacarpal subsid-
ence, and prevention of possible later adjacent joint
problems [34]. Vitale et al. provided a summary of
the trapezium prosthetic options that have emerged

pometacarpal joint under the vision. (d) The reconstruc-
tion is completed by passing the ECRL tendon slip
beneath the intact part of the ECRL tendon and sutured
itself (ECRL extensor carpi radialis longus)

over the past five decades [34]. First-generation
implants were primarily Swanson silicone prosthe-
ses, which have been reported as preserving good
range of motion and grip strength and minimizing
pain [35]. Several other studies have reported the
outcomes of silicone implants with varying results.
Frequently identified problems include the develop-
ment of silicone synovitis, breakage, subluxation/
dislocation, bony erosion, loosening, and long-
term implant failure. Therefore, these implants are
no longer available [36]. Interestingly, Umarji and
colleagues have recently reported their experience
with ten patients who had revision surgery with a
silastic finger joint implant spacer following failure
of simple trapeziectomy [37]. At an average fol-
low-up of 53 months, 9 of the 10 patients reported
improvement in pain and were generally satisfied
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with their function. Silicone arthroplasty has fallen
out of favor because of the availability of numerous
other treatment options.

Implant arthroplasty of the thumb CMC
joint has met with varied, if not unpredictable,
results. Several other devices have been devel-
oped and used. These include the de la Caffiniere
prosthesis which is a semiconstrained ball-and-
socket design with both components cemented.
The metacarpal component is made of cobalt
chromium, and the trapezium component is
a polyethylene cup. The Guepar prosthesis is
also a cemented prosthesis with cobalt-chrome
metacarpal component that snap-fits into a
polyethylene trapezium component and func-
tions in a constrained fashion. The Elektra
prosthesis is a modular design made of cobalt-
chrome and threads into the trapezium. The

Braun prosthesis is a cemented design that con-
sists of a metallic metacarpal and a polyethyl-
ene socket. The Avanta CMC prosthesis is a
cemented total joint surface replacement with
matching sloped, saddle-shaped components
approximating the natural contours of the base
of the first metacarpal and the articular surface
of the trapezium, with the trapezium component
made of cobalt-chrome and the first metacarpal
component made of polyethylene [38]. More
recent implant designs have focused on resurfac-
ing devices with the hope of producing a stable
hemiarthroplasty.

Pyrolytic carbon prosthesis has been used
to develop replacement arthroplasties and
hemiarthroplasties of the thumb CMC joint
(Figs. 9.4 and 9.5), including the pyrolytic
carbon anatomic interposition arthroplasty,

Fig.9.4 (a) Part of the trapezium and the first metacarpal
is resected to make a space for pyrocarbon implant. (b)
The drill hole is placed through the trapezium and the first
metacarpal with trial implant. (¢) Once the implant is

placed, APL tendon slip is passed through the holes and is
tightened. (d) Remaining tendon is passed under the FCR
tendon to stabilize the carpometacarpal joint
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Fig. 9.5 Postoperative radiograph showing pyrocarbon
implant placed in the carpometacarpal joint

the pyrocarbon implant (BioProfile/Tornier,
Montbonnot-Saint-Martin, France), and the
pyrocarbon interposition implant (Pyrodisk,
Integra Life Sciences, Plainsboro, NJ). This
prosthesis has been used in patients with stage
IT or III disease. A recent prospective study
of trapeziectomy alone versus trapeziectomy
and pyrocarbon hemiarthroplasty assessed
outcomes in 38 patients [39]. There was no
significant difference in functional scores and
pain and grip strength between two groups,
although there was a higher complication rate
in the pyrocarbon group.

Confidence in many of these devices is
hampered by its relatively recent use and
high loosening rates. Metallic implant arthro-
plasty has improved to address shortcom-
ings and failures of previous implant design.
Subsidence, instability, and implant loosening
have all been reported with metallic implant
and have decreased their popularity. Newer
synthetic materials are also available on the
market. However, care should be taken to use

these implants as no long-term studies are
available at the moment.

Carpometacarpal Arthrodesis

Arthrodesis of the carpometacarpal joint of the
thumb has proven to be a reliable option for
advanced arthritis. It has been reported to pro-
vide satisfactory pain relief and obtain a strong,
stable, and functional hand at the expense of
mobility. Patient selection for this procedure is
important for a successful outcome. This pro-
cedure is usually reserved for young high-
demand patients under 50 as older patients
were thought to be prone to progression of
pantrapezial arthritis [40]. However, recent
report proved that this procedure can be used
successfully for the older patients [41]. To be
indicated for carpometacarpal joint arthrode-
sis, the patient should not have degenerative
changes in scaphotrapezial and metacarpopha-
langeal joints. Arthrodesis is also indicated for
patients with soft tissue laxity as there will be
a high probability of dislocation or mechanical
failure of the implant arthroplasty. Arthrodesis
is contraindicated in patients with scaphotrape-
zial and metacarpophalangeal joint arthritis or
in patients requiring a mobile carpometacarpal
joint.

Although there are several techniques for
thumb carpometacarpal arthrodesis, the position
of fusion is constant. The thumb is placed in the
“position of a clenched fist” in which the distal
phalanx of the thumb comfortably rests on the
middle phalanx of the index finger with a fully
clenched fist [42]. The optimal position for car-
pometacarpal arthrodesis is 35° of palmar
abduction and 10° of radial deviation with 15°
of pronation. Excellent results have been
reported from arthrodesis of thumb CMC joint
(Fig. 9.6). Leach and Bolton found that 89% of
patients had excellent results with no pain after
fusion. Although there was reduced motion, it
did not hinder their function [43]. Stark and col-
leagues reported all patients had pain relief and
felt that the gain in stability and strength com-
pensated for the slight loss in motion [44].
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Fig. 9.6 Postoperative radiograph showing carpometacarpal joint arthrodesis using two staples

Bamberger and colleagues reported that func-
tional outcome after arthrodesis revealed a 72%
decrease in the adduction/abduction arc of
motion and a 61% decrease in flexion/extension
arc of motion. Despite this loss of motion, there
were minimal subjective functional complaints
(Fig. 9.7). Complications of carpometacarpal
arthrodesis include progression to pantrapezial
arthritis and nonunion [45].

Arthrodesis of the carpometacarpal joint of
the thumb may be useful for advanced arthritis in
the high-demand patient. This procedure creates
a pain-free, strong, stable thumb at the expense of
full range of motion. Arthrodesis remains an
excellent option for patients who need a strong
pain-free thumb.

Comparison of Clinical Results

There have been many prospective, randomized,
clinical trials comparing different surgical proce-
dures. De Smet et al. compared trapeziectomy
alone and trapeziectomy with ligament recon-
struction and tendon interposition procedure [27].
They found the results showed no differences in
pain relief and functional outcome although tra-
pezial height was better maintained after ligament
reconstruction. Davis et al. conducted prospective
randomized trials comparing trapeziectomy alone
and trapeziectomy with ligament reconstruction
tendon interposition [46]. They found that there
was no difference in pain relief, hand function,
and thumb strength between groups. This group
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Fig. 9.7 Range of motion after thumb carpometacarpal arthrodesis. Compensatory motions occur in scaphotrapezial

and metacarpophalangeal joint

subsequently compared simple trapeziectomy and
trapeziectomy with ligament reconstruction and
tendon interposition and additional Kirschner
wire stabilization [47]. There were no significant
differences between the two treatment groups in
any subjective or objective outcome measures.

At present, there is no evidence to suggest that
any one surgical procedure is superior to another.
Based on the Cochrane Database Systematic
Review, they recommended trapeziectomy alone
for the treatment of carpometacarpal arthritis
[48]. However, a recent survey showed that trape-
ziectomy with ligament reconstruction and ten-
don interposition is the most popular procedure
among members of the American Society for
Surgery of the Hand [49].

Conclusions

Thumb carpometacarpal arthritis is one of the
most common causes of pain in the hand. There
are several surgical options for this condition;
however, to date, no single method has emerged
superior, although each method has specific
advantages and disadvantages for the surgeon to
consider. Until the ideal prosthetic implant is
developed by innovations, trapeziectomy with
ligament reconstruction and/or tendon interposi-
tion remains the most commonly performed pro-
cedure for patients who want mobile thumb.
Arthrodesis can still be a valid option for patients
who want strong stable thumb at the expense of
mobility.
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Introduction

The thumb has only one extrinsic flexor tendon,
which is the flexor pollicis longus (FPL) that
flexes the interphalangeal (IP) joint of the thumb.
The FPL originates from two heads: the radial
head originates from the proximal radius and
interosseous membrane, and an accessory head
originates from the coronoid process of the ulna
and from the medial epicondyle of the humerus.
It inserts into the proximal base of the thumb dis-
tal phalanx and is innervated by the anterior
interosseous branch of the median nerve. It is
involved in bending both the interphalangeal and
metacarpophalangeal joints of the thumb.

The FPL is structurally and functionally quite
different from the flexor tendons of the other fin-
gers. The thumb flexor is simpler, in that it lacks
the lumbrical muscle and superficialis tendon.
Anatomically, the FPL lies within the radial
bursa, and soft tissues, such as the abductor pol-
licis brevis (AbPB), flexor pollicis brevis (FPB),
and superficial palmar branch, and the recurrent
motor branch of the median nerve overlie the
FPL. This makes surgical exposure of the FPL
difficult, and surgeons should be particularly
careful in their approach.
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The FPL is an individual unit covered by its
own sheath and moves two phalanges beneath
three pulleys: two annular and one oblique
(Fig. 10.1). The FPL has the blood supply from
the osseous insertion, vinculum brevis, meso-
tenon, and musculotendinous junction, which
makes it important for hand surgeons to avoid the
avascular zone in FPL repair (Fig. 10.2) [1-3].
Lundborg suggested that the FPL blood supply
was superior to that in the other fingers and
showed better results in FPL tenorrhaphies [4].

Reconstruction of the FPL function is desired
to restore the IP joint flexion and pinch in partic-
ular. Because full IP joint mobility is not neces-
sary for proper thumb function, FPL repairs
provide better results compared to that of the
other digits [5]. Even an arthrodesis of the IP
joint of the thumb permits acceptable results [6].
However, FPL dysfunction might cause serious
impairment in thumb movement, especially in
precise pinch with gripping, which requires
strength, stability, and dexterity. The thicker FPL
tendon is known to be related to these actions in
healthy individuals and causes resting tremor in
Parkinson’s disease [7].

Through a biomechanical analysis, Cooney and
Chao evaluated the tension load on the thumb ten-
dons and noted that during pinch and grasp, the
FPL generated greater force than all the other
thumb tendons [8]. Therefore, lacerations or avul-
sions of the FPL should be properly repaired with
greater skill and perfection of technique. In addi-
tion to the FPL, the thenar intrinsic muscles,

159

S. H. Woo (ed.), The Thumb, https://doi.org/10.1007/978-981-10-4400-7_10


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-4400-7_10&domain=pdf

160

S.Eo

A2 Obliqgue A1 Synovial
pulley pulley pulley sheath

N,
S

Interphalangeal v
joint

Adductor pollicis Metacarpophalangeal longus

and flexor pollicis joint
brevis

Flexor pollicis

A2 pulley

Oblique
pulley
A1 pulley

Synovial
sheath

Fig. 10.1 Flexor pollicis longus (FPL) tendon and its pulleys; annular pulleys A1 and A2 and oblique pulley (O)

Fig. 10.2 Vascularity of FPL. Asterisk depicts the avascular zones between the vinculum brevis and the mesotenon.
(1) osscous insertion; (2) vinculum brevis; (3) mesotenon, attached to tendon volarly; and (4) musculotendinous junc-
tion. (redrawn from Hergenroeder et al., Clin Orthop Relat Res. 1982;162:298-303)

including the FPB and AbPB, also contribute to the
stability of the MCP joint and the range of motion
of the trapeziometacarpal joint. This is important in
the pinch grip between the thumb and index finger.
When the FPB is paralyzed, transfer of the flexor
superficialis tendon of the third or the ring finger is
used, as described by Bunnel [9].

In addition to the FPL rupture, IP joint flexion of
the thumb is impossible in numerous clinical set-
tings, such as congenital absence of the FPL, anom-
alous insertion of the FPL, tenovaginitis of the FPL
tendon sheath, and anterior interosseous nerve palsy.

The absence of the FPL associated with or
without aplasia of the thenar muscles has been
described [10], and it should be differentiated from
the FPL rupture. Uchida proposed a classification

of the absence of the FPL with associated anoma-
lies [10]. Anomalous insertion of the FPL to the
proximal phalanx or transverse carpal ligament
causes the inability to flex the IP joint of the thumb
[11]. The rarest variation of the Linburg-Comstock
anomaly, which represents simultaneous flexion of
the thumb and fingers, has been also reported [12].
Because of the anomalous interconnecting tendi-
nous bands between the FPL and FDP of the index
finger, this may jeopardize the healing process
after FPL repair, especially when the range of
motion of index finger is not monitored.

In this chapter, the flexor tendon problems in
the thumb, including trigger thumb, acute injury,
and secondary reconstruction of the FPL, are
described.



10 Flexor Tendon

161

Trigger Thumb

Since its initial description by Jahss in 1936, trig-
ger thumb afflicts both children and adults, due to
the pathology of the FPL tendon or Al pulley.
Clicking or locking of the IP joint on thumb
movement can cause pain, swelling, and the loss
of thumb function. Although the mechanism and
pathology of triggering is the same in both age
groups, the etiology is known to be different.

In addition to the A1 pulley, the variable annu-
lar (Av) pulley is also known to be a normal ana-
tomical structure, which might provide an
additional site of stenosis (Fig. 10.3) [13, 14].
Therefore, care must be taken not to cause bow-
stringing during surgical procedures while sever-
ing both A1 and Av pulleys.

In Children

Trigger thumb occurs due to pathology of the FPL
or Al pulley with an incidence in infants and chil-
dren of 0.05-0.3% [15]. It is characterized by the
formation of a nodule within the tendon at the
volar side of the metacarpophalangeal (MCP) joint
level, which is called Notta’s nodule, and thicken-
ing of the tendon sheath where it passes through
the pulleys of the thumb [16]. Trigger thumb is

Fig. 10.3 Variable annular (Av) pulley is commonly noted
between the Al and oblique pulleys. (redrawn from
Schubert MF et al., J Hand Surg [Am]. 2012;37:2278-85).

usually not present at birth but rather develops
with postnatal growth. Although rarer bilateral
involvement is sometimes associated with genetic
disorders, controversy has existed regarding the
etiology of this condition, and it is still debatable
whether it is truly congenital or acquired. As some
studies revealed that it is an acquired, rather than a
congenital problem [15-17], the term “pediatric
trigger thumb” is currently preferred.

Usually, children show the locked thumb in
flexion deformity of the IP joint, rather than
triggering (Fig. 10.4). The pathology reveals
an enlarged FPL tendon and thickening of the
annular pulley, as in the case of acquired ste-
nosing tenosynovitis in adults. However, it is
unclear whether the primary pathology
involves the pulley system [18] or the FPL ten-
don itself [19].

Watanabe classified pediatric trigger thumb
into four stages according to the symptoms: stage
0, only palpable mass on the MCP joint without
restriction of motion; stage 1, the thumb IP joint
can be actively flexed and extended without snap-
ping; stage 2, the locked IP joint can be passively
flexed or extended with snapping; and stage 3,
the locked IP joint cannot be passively flexed or
extended [20].

Pediatric trigger thumb is usually passively
correctable and non-painful. Nonsurgical
options have been proposed, such as watchful
waiting, extension stretching exercises, splint-
ing, and steroid injections. Many studies show
that surgical intervention is not urgent, and
delaying the surgery even beyond the age of
3-5 years does not interfere with the result
[21]. Therefore, attempting conservative treat-
ment is the preferable option before elective
surgery. However, because leaving the trigger
unreleased may lead to contracture of the
thumb at the IP joint, release sooner, rather
than later, is generally recommended after
3 years [22]. Surgical treatment involving
release of the Al pulley on the FPL is only
indicated when there is painful triggering or
the thumb is not passively correctable
(Fig. 10.4). Pediatric trigger thumb responds
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Fig. 10.4 (a) This 4-year-old boy revealed the flexion deformity of the IP joint in his right thumb. (b) Intraoperatively,
thickened A1 pulley was noted. (c) After release of the Al pulley, FPL was retracted using Ragnell retractor
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predictably to Al pulley release, preferably
before age 4 years, although milder cases may
resolve spontaneously.

In Adults

Painful snapping of the thumb may be caused by
[1] stenosing tenosynovitis of the FPL at the
level of the A1 pulley; [2] connective tissue dis-
orders from systemic diseases, such as rheuma-
toid arthritis, gout, and diabetes; or [3] tumors
of the tendon sheath, loose body, and osteophyte
on the MCP joint level. Seybold et al. reported
trigger thumb due to the impingement of the
FPL tendon by an enlarged radial sesamoid
[23]. As a stenosing tenosynovitis, trigger
thumb is more common in diabetic patients than
in nondiabetic patients, and when multiple dig-
its are involved, the possibility of diabetes
should be considered.

Conservative  treatment includes activ-
ity modification, splinting, nonsteroidal anti-
inflammatory drugs, and corticosteroid injection.
Surgical release of the thickened Al pulley is
advocated in patients who are not responsive to
those conservative approaches. Complications,
such as radial digital nerve injury, persistent
triggering, residual flexion contracture, and
bowstringing, should be prevented with careful
surgical procedures.

Injury

Jaeger and Mackin described the FPL zones,
in comparison to the other digit flexor zones,
and Verdan divided the FPL into five zones
(Fig. 10.5) [24]: zone I, IP joint—thumb tip; zone
I, TP joint—midportion of the proximal phalanx;
zone III, midportion of the proximal phalanx—
metacarpophalangeal joint; zone IV, thenar area;
and zone V, wrist area. The ideal repair is direct
suture of the lacerated FPL, and as much as
3 months should be allowed for direct repair [25].
Because the FPL has no lumbrical muscle that
causes intrinsic tightness, some proximal retrac-

Fig. 10.5 Five zones of flexor system of the thumb

tion is permitted in the FPL repair. Furthermore,
a slightly flexed IP joint of the thumb is not prob-
lematic for thumb function.

Acute Injury

FPL ruptures have been reported to occur less
frequently than other flexor tendons, because the
FPL is much stronger, and is an individual unit,
compared to the other digits. The lack of inter-
connections to other fingers results in the FPL
leading to more proximal tendon retractions.

In children, FPL injury is quite rare, and many
authors preferred primary repair and early reha-
bilitation in the same way as that of adults [26].
Unawareness of thumb dysfunction in young
children and overlooking the FPL rupture might
delay proper FPL repair. However, better blood
supply to the flexor tendons and more pliable
adhesions in children explain the absence of
requirement for tenolysis after tendon repair [27].

FPL rupture may occur not only by a trauma
but also spontaneously without an event [28]. It
has been documented secondary to various con-
tributing factors, such as [1] mechanical, non-
united scaphoid fracture [29], volar plating of the
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distal radius fracture [30], attrition due to a for-
eign body [31], arthrodesis of the trapeziometa-
carpal joint [32], intratendinous proliferation of
a neurofibroma, [33] and [2] pathological, local
steroid injection [34], rheumatoid arthritis infec-
tions [35], and osteoarthrosis [28]. FPL should
be considered in any patients with previous wrist
surgery, especially those involving hardware.
Closed FPL ruptures at the wrist typically occur
3-6 months after osteosynthesis of distal radius
fractures with palmar plates and are mostly char-
acterized by crepitation and pain lasting for sev-
eral weeks. These can be prevented by premature
plate removal, synovectomy, and carpal tunnel
release. Additionally, some closed rupture of
the FPL has been reported to be associated with
genetic influences [36].

When there is no history of trauma to the
thumb, it is also necessary to differentiate it
from the anterior interosseous nerve (AIN)
palsy, because peripheral nerve injury and spinal
cord injury can cause FPL dysfunction. This is
important, because surgical exploration should
be avoided for an intact FPL tendon. Pressing
the musculocutaneous junction of the FPL
firmly with the examiner’s thumb and noting the
thumb IP joint flexion demonstrate if the FPL
unit is intact [37]. A tendon irritation test pro-
vides a way to elicit a sign of FPL tendon irrita-
tion after the volar plate fixation [38]. In addition
to the physical exams using the tenodesis effect
[37], MRI scanning, sonography, and electro-
neurophysiological studies are helpful to make
differential diagnosis of FPL ruptures from AIN
palsy or congenitally absent FPL [39].
Succinylcholine is also used to distinguish FPL
rupture from FPL dysfunction due to nerve
injury [40]. When disruption of the FPL tendon
is detected, it should be repaired to restore the
thumb function.

Even when the FPL is completely severed, it
may be possible to actively flex the thumb inter-
phalangeal joint, in the case where the vinculum
brevis remains attached to the volar plate [2].
Because this might cause a misdiagnosis of an
intact FPL, hand surgeons should in all cases
always keep in mind any possibility of FPL
injury.

Most lacerations of FPL occur at the metacar-
pophalangeal joint level. The excursion of FPL at
the thumb interphalangeal (IP) jointis 10—12 mm,
while that of the other profundus tendons is only
5 mm so avulsion at the FPL insertion site is rela-
tively rare [41]. If injury happens while the fin-
gers are flexed, distal cut ends of the FPL tendon
shift distally. When the FPL lacerations occur
distal to the MCP joint, the FPL usually retracts
to the thenar area or wrist, and this makes surgi-
cal exploration difficult. Kasashima et al. com-
pared the results in zone II injury with those in
zones I and III and found that the results were
less satisfactory due to the presence of a pulley
system and an avascular region of the tendon
(Fig. 10.6) [42].

Surgical repair of the FPL is well established
as the optimum treatment for FPL lacerations,
and it reveals better results than that of the other
fingers, because the anatomy of the FPL is sim-
pler as it includes just one tendon and one IP
joint. Furthermore, IP motion is not critical for
satisfactory thumb function [26, 43].

The repair technique is dependent on the
time and zone of injury and the state of the ten-
don bed and muscle. Direct tendon repair is the
procedure of choice in the acute stages of less
than 2 months after injury [25]. If the delay is
more than 2-3 months, the proximal tendon
stump retracts more proximally, and the tendon
sheath is scarred, which impedes the advance-
ment and lengthening of the injured FPL. In
those situations, secondary FPL reconstruction
is needed.

General theories of flexor tendon repair are also
applied to FPL repair. The strength of flexor ten-
don repair is known to be directly proportional to
the number of sutures crossing the repair site [44].
The knots-outside technique initially reveals
greater strength than the knots-inside technique,
although there is no significant difference at
6 weeks postoperation [45]. Considering that ten-
don nutrition after tendon injury is mainly from
the imbibition of synovial fluid, dorsal placement
of core sutures represents the best mechanical
location for tendon repair [46]. The epitenon repair
not only improves the contour of tendon repair but
also increases the strength of the tendon repair.
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Fig. 10.6 This 45-year-old man sustained a glass injury
on his left thumb. (a) Proximal stump of the FPL was
retrieved and fixed temporarily using 32-gauge needle. (b)
It was passed through the A1 and oblique pulley to prevent

Deeper epitenon sutures provide more increased
strength than superficial epitenon sutures [47]. It is
recommended that tendon lacerations of less than
60% of the cross-sectional area of the tendon be
treated without tenorrhaphy and with early mobili-
zation. Comparison of the tendon sheath repair,
tendon sheath excision, and tendon sheath grafting
revealed no significant difference in the final
results [48]. Because the epitenon seems to be the
most active portion of the early phase of tendon
repair, epitenon suture results in an increase in
repair strength and a significant reduction in the
tendency for gapping at the repair site.

Generally, primary FPL repair with early
mobilization is the treatment of choice for FPL
injuries. The FPL heals through both extrinsic
and intrinsic mechanisms. Extrinsic tendon heal-
ing relates to the peripheral adhesions via cells

the bowstring of the FPL tendon. (¢) Proper tenorrhaphy
of the FPL was performed using four-stranded modified
Kessler technique

brought to the site of injury by the ingrowth of
capillaries and fibroblasts. Intrinsic healing
occurs from epitenocytes and endotenocytes that
migrate into the tendon gaps. The goal of FPL
repair is to encourage both intrinsic and extrinsic
tendon healing without the formation of thick
adhesions, which would limit tendon excursion,
and ultimately results in restricted motion of the
finger.

Surgical Technique for FPL
Tenorrhaphy

Under tourniquet control, local anesthesia is pre-
ferred for the primary repair of the FPL. Some
surgeons nowadays prefer wide-awake hand sur-
gery for FPL repair. The proper timing for the
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primary repair is not settled, and even 4 weeks
after the injury is acceptable. Urbaniak even sug-
gested a direct repair of the FPL as late as
3 months after the laceration, if tendon damage
and muscle retraction are minimal [25]. Bruner
incision on the palmar surface is favored over the
midlateral incision on the thumb (Fig. 10.7).
Because of the fewer pulleys and absence of
superficialis tendon, the retracted FPL can be
retrieved more easily through the fibro-osseous
tunnel. To retrieve the FPL, an incision at the
wrist level is recommended, rather than in the
thenar region, because of the bulkiness of the the-
nar muscles. A small incision at the MCP joint
level or wrist level is performed to avoid passing
a blunt tendon retriever blindly through the fibro-
osseous sheath or incising the entire thumb at the
thenar area. After identifying the retracted FPL, a
small catheter or feeding tube may be placed ret-
rograde through the sheath, and the end of the
retracted FPL is sutured to the catheter [49]. This
is pulled back out of the injured site of the thumb
to prepare the proper tenorrhaphy. A transversely
oriented needle secures the tendons for repair. If
surgical incision for the total FPL exposure is
needed, three basic incisions may be applied
(Fig. 10.7) [25]. The proximal end of the ruptured
FPL is usually adhered to the clotted blood in the
synovium, which is the clue to detect the retracted
FPL tendon. The severed tendons are held in
approximation by small needles, and the tendon
ends are minimally trimmed and arranged. It is
beneficial that partial excursion of the FPL pro-
vides excellent thumb function contrary to the
other finger flexor tendons.

The preferred suture technique consists of atrau-
matic handling of the tendon ends with placement
of proper core sutures. The type and technique of
suture placement are controversial. The ideal suture
material should be nonreactive, strong enough,
easy to handle, of small size, pliable, and capable
of maintaining a stable knot. Nonabsorbable
sutures are widely used, due to the advantages of
easy handling, good biocompatibility, and minimal
loss of tensile strength after knotting. Various tech-
niques of the tenorrhaphy of ruptured FPL have
been performed according to the site and condition
of the tendon injury (Fig. 10.8).

Fig. 10.7 Three basic incisions may be needed for
retrieving the retracted FPL tendon (redrawn from
Urbaniak, Hand Clin 1985;1:69-76)

When the FPL tendon was avulsed at its insertion
site on the distal phalanx, a Becker type of suture is
widely used, using anchor suture ends (Fig. 10.8). If
the distal phalanx is too weak to bear the anchor, the
traditional pullout suture using plastic buttonhole
can be replaced. Keith needles are drilled through
the base of the distal phalanx, and thread ends are
tied over a button placed on the nail plate beyond the
lunula to avoid nail deformity (Fig. 10.9).

Although two-strand suture methods, i.e., the
Kessler and modified Kessler and the Tajima
techniques, are still being widely used, newer
multistrand suture methods, such as the
Strickland, cruciate, Becker, Savage, Winters,
and Mantero techniques [50], have been sug-
gested with increasing frequency because of the
stronger tension and increased resistance to
repair site gapping (Fig. 10.10).

Direct tenorrhaphy of FPL is mostly difficult in
the thenar area, due to the bulkiness of the sur-
rounding structures. Tendon divisions in zones II
and III can be repaired by a modified Kessler suture
using either 4-0 Prolene or 4-0 Ethibond and a cir-
cumferential running suture of 6-0 Prolene
(Fig. 10.11). A Kessler core suture and a reinforced
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Fig. 10.8 Various techniques for tenorrhaphy of FPL

epitendinous suture, two-Kessler two-strand core
sutures and a strengthened circumferential suture
[51], have also been proposed (Fig. 10.11). In
zones III, IV, and V injuries, Stark used an interpo-
sition graft (Fig. 10.8) [52]. It is generally recom-
mended to escape zone III, to avoid injury to the
recurrent motor branch of the median nerve.
Many authors have indicated that epitendi-
nous sutures reinforce the main tendon suture,
including the modified Kessler and Becker
methods [25, 53], although Noonan et al. found
no statistical importance of the epitenon suture

[54]. 6-0 nylon sutures are placed circumferen-
tially through the epitendon. We have used a
needle with a looped suture 4-0 in diameter for
the tenorrhaphy of FPL using the Tsuge tech-
nique or Tajima repair using 4-0 Ethibond®
loop suture (Fig. 10.12). In infants or very young
children, Zolotov restored the FPL by a modified
Tsuge suture technique using a looped suture
5-0 [55]. Tang described the technique of insert-
ing three Tsuge sutures arranged in a three-
dimensional configuration [56]. The Tsuge
sutures were carried out using a 4-0 Ticron
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suture core suture on a round needle with a loop
thread (Tendi-Loop, Aesculap AG and Co. KG,
Tuttlingen, Germany).

Although pulley reconstruction is usually
not required in the thumb, the oblique pulley,
which is the most important of the three pulleys
in the thumb [57], should be repaired, to prevent
bowstring by the tendon grafts using the pal-
maris longus [58] or triple-loop plantaris ten-
don [59]. Closed rupture of the thumb flexor
tendon pulleys is extremely rare. Fazilleau

Fig. 10.9 Pullout suture using buttonhole is commonly
used when the FPL tendon was avulsed at its insertion site
on distal phalanx of the thumb
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described a single, free palmaris longus (PL)
autograft for thumb pulley reconstruction [58].
Kutsumi et al. recommended that after the FPL
tenorrhaphy, the oblique pulley should if pos-
sible be left intact, because when the partial
excision of the distal end of the pulley of the
thumb was performed, the gliding resistance
was increased [60].

If it is needed to lengthen the FPL by more
than 1 cm, Z-plasty lengthening technique can be
applied at the musculocutaneous junction
(Fig. 10.13) [25]. Stepwise lengthening is the
useful option, especially in the FPL avulsion at
its insertion site. Advancement and lengthening
is sometimes easier and less complicated than the
tendon graft. When more than 3 or 4 cm of length
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Fig.10.11 (a) This 7-year-old boy sustained a cut injury
by knife on his left thumb 3 months ago and healed sec-
ondarily without tendon repair. He couldn’t flex his left
thumb. (b) On exploration, severe adhesion of the FPL
and surrounding structures was noted. (¢) The proximal
stump of the cut FPL was tried to retract using Ragnell®

Fig. 10.12 In case the proximal cut end of FPL was dif-
ficult to locate intraoperatively, the wrist incision is help-
ful to retrieve the injured FPL tendon

is needed, a tendon graft would be the choice.
The donor site would be the palmaris longus or
one of the extensor digitorum communis tendons
of the toes. The Pulvertaft, end-weave method is
preferred for stronger repair (Fig. 10.14). The
appropriate length of the tendon graft is deter-
mined with the proper tension by either complete

retractor, and the distally cut end of FPL was revealed. (d)
Two cut ends of FPL were approximated for proper tenor-
rhaphy. (e) With an appropriate tension, modified four-
stranded Kessler’s technique was performed. (f) Dynamic
splint was applied immediate postoperatively

thumb flexion when the wrist is fully extended or
full thumb extension when the wrist is com-
pletely flexed.

Postoperatively, the thumb was either placed
in a plaster cast or in dynamic traction.

Chronic Problems

For treatment of a neglected, ruptured FPL tendon in
adult patients, the options for tendon reconstruction
should be weighed up against the less complicated
tenodesis or arthrodesis of the thumb interphalangeal
joint [61]. When the FPL reveals chronic tendon
injuries with primarily the inability to repair, or the
musculotendinous complex of FPL does not show
proper function, surgical options include tendon
transfer, tendon graft, and IP joint arthrodesis. Many
factors must also be assessed, such as age, etiology,
and the experience of the surgeon.

Another infrequent FPL tendon problem is
the Linburg-Comstock syndrome, which may
cause unexplained chronic pain in the distal
forearm, resulting from post-traumatic inflam-
mation of the intertendinous connections. This



10 Flexor Tendon

171

Fig. 10.13 Distal
advancement and lengthening
of the FPL at the wrist level
(redrawn from Urbaniak,
Hand Clin 1985;1:69-76)
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Fig. 10.14 Pulvertaft, end-weave method for tendon
graft in FPL reconstruction

is attributed from the anomalous tendon slip
connection between the FPL and FDP, usually
of the index finger [62]. Surgical release of the
anomalous connection between those tendons is
an effective treatment.

Secondary Reconstruction of FPL

FPL reconstruction could be performed as one-
stage [5, 63] or two-stage [64, 65]. Two-stage
tendon reconstructions are usually required in
patients with more than 4 weeks after an initial

cut injury or extensive trauma accompanying
infection that is not feasible for immediate
repair. The Hunter two-stage silicone rod tech-
nique is infrequently applied for FPL recon-
struction, especially in severe scarring or
contracture [66]. Passing through the original
FPL path should always be tried. After at least
2 months, the silicone rod is replaced with a ten-
don graft.

Contrary to the flexor tendons in the other fin-
gers, the FPL runs at 90° to the line of pull of the
muscle when the thumb is in full abduction.
Therefore, FPL reconstruction is more difficult
than that of the other fingers. Interestingly, Urbaniak
emphasized that adequate FPL muscle excursion is
present more than 15 years after FPL laceration,
because the severed proximal tendon moves with
its adjacent tendons in the forearm [57].

Reconstruction after acute or chronic loss of
FPL function should be considered when restora-
tion of pinch and grip strength is needed. For
treatment of a ruptured FPL tendon in adult
patients, the options for tendon reconstruction
should be weighed up against the less compli-
cated tenodesis or arthrodesis of the thumb. When
the FPL ruptures over a long period of time, pri-
mary repair is hindered by hypertrophied tenosy-
novium, tendon defect with fibrous tissue, and
tendon retraction. Therefore, IP joint arthrodesis
or tendon reconstruction using tendon graft or
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tendon transfer is needed. Although the fusion of
the IP joint of the thumb is sufficient for most
daily activities, precise thumb function, such as
fine pinch and grip, is needed for special tasks. In
tendon graft or transfer, the tension should be
adjusted to slight overcorrection, which can be
checked intraoperatively by performing the teno-
desis test. All of the surgical corrections should
be performed after fully informing the patients
about the procedures, with rehabilitation moni-
tored by physicians.

When the FPL muscle belly is destroyed, or
AIN palsy causes thumb malfunction, tendon
transfer from the ring finger FDS can be per-
formed [67]. It is especially useful if the injury to
the thumb is in grade I or II of the Boyes classifi-
cation [63]. This provides a more viable tendon
and motor, if there is direct damage to the FPL
muscle belly or to its nerve supply.

In FPL deficiency, commonly used tendon
transfers that can augment the thumb opposition
strength are the Huber abductor digiti minimi mus-
cle transfer and the FDS opposition transfer. The
former increases thenar bulk, but does not provide
additional tissue for metacarpophalangeal stability.

Inaseverely paralyzed hand, the thumb grip can
be restored by split FPL tenodesis. Considering
that the key grip includes a flexion force applied
from the tip of the thumb to the radial aspect of
the middle phalanx, Mohamed et al. positioned
the thumb optimally and provided limited active
flexion of the IP joint for tetraplegic hands [68].
The positive Froment’s sign due to intrinsic paral-
ysis of the thumb could also be corrected with
splint distal FPL tenodesis [69, 70] which uses a
radial half of the FPL tendon rerouted dorsally and
inserted into the extensor pollicis longus tendon.
Compared to the IP joint arthrodesis, the patient
can re-establish pulp pinch positioning, while the
thumb maintains its IP joint mobility.

Complications of Primary
and Delayed FPL Tenorrhaphy

Complications, such as tendon re-ruptures, adhe-
sions, and joint contractures-stiffness, can be
minimized with proper postoperative care after

FPL tenorrhaphy. Tendon rupture after repair
most commonly occurs in zone II repairs; and
when the rupture is immediately diagnosed, a
secondary repair should be performed. Adhesions
occur when the passive range of motion (ROM)
is greater than the active ROM. When both active
and passive ROM are limited, joint contractures
develop and have to be properly treated. If the
oblique or A2 pulley is severed, attempted flexion
of the IP joint of the thumb might cause bow-
stringing of the FPL. Therefore, oblique pulley is
sometimes reconstructed by tendon graft or wrist
retinaculum graft.

Postoperative Care

There has been no fixed policy for the postopera-
tive management of FPL tendon repairs in the
thumb. Postoperative FPL is to be managed in the
same way as other digit flexors. With the proper
dressing, dorsal block plaster splint is applied on
the thumb for weeks. The wrist is held in 30° of
flexion and the thumb in slight flexion. Although
controlled active or passive flexion movement is
urged by some surgeons, there is no proven
advantage for early motion of the repaired FPL
[25, 71]. This is attributed to the fact that whole
excursion is not mandatory in thumb function,
unlike the other digits.

Postoperative mobilization regimes include
shortened passive flexion/active extension ver-
sus normal passive flexion/active extension, con-
tinuous passive motion versus controlled
intermittent passive motion, dynamic splintage
versus static splintage, active flexion versus rub-
ber band traction, controlled passive flexion with
active extension (modified Kleinert) versus con-
trolled passive mobilization (modified Duran),
and grasping suture and early controlled active
mobilization versus modified Kessler technique
with early controlled passive mobilization [6,
48, 72]. Some authors have reported no differ-
ences between patients with static or dynamic
splinting [54], and Urbaniac stated that there is
no advantage to early mobilization of a repaired
FPL [25]. However, by performing a cadaveric
study, Rappaport et al. provided a biomechanical
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basis for early passive and active exercise to an
isolated thumb IP joint [73].

According to the author’s regimen, protected
active flexion is begun after 3 weeks of FPL repair,
and full active extension is started at 6 weeks.
Percival noted that the postoperative dynamic con-
trolled mobilization improves the repair results,
particularly in zone II, which is where most FPL
divisions occur [6]. Forceful stretching is recom-
mended for at least 8 weeks postoperation.

Outcomes After FPL Reconstruction

Unlike the other digits, better functional recovery
is expected in FPL repair, because of its simpler
anatomy and less permitted excursion in thumb
function. However, the re-rupture rate after FPL
repair is relatively high compared to that in flexor
tendons of the other fingers. This is attributed to
the comparative difficulty of FPL tendon repair,
due to the surrounding soft tissues, the relative
avascularity of the FPL tendon in zone II, and the
increased mobility of the thumb [1, 51, 54].
According to Kasashima, age, accompanying
neurovascular damage, and timing of repair did
not affect the results of FPL tenorrhaphy [42].
The functional evaluation after FPL repair is
also different from that of FDP and FDS. In
addition to the range of motion, pinch grip and
the ability to perform the activities of daily liv-
ing should be assessed. When evaluating the
reconstruction after acute or chronic loss of FPL
function, restoration of proper pinch strength is
an important criterion. To get optimal results, a
properly planned hand therapy program is criti-
cal. The best indicator of thumb function is tip-
to-tip pinch grip and a fully functional hand.
Children display tremendous healing potential
after FPL tendon repair, because they have a bet-
ter blood supply on the tendon surface with
shorter vincula than adults and the ability to
remodel scars is greater [27]. In very young chil-
dren, the zone of injury in the thumb seems to
have little effect on the postoperative range of
motion, and many authors recommend strict
immobilization by above-elbow cast [74].

Other Problems

In systemic disease, such as rheumatoid arthritis,
the FPL is severely involved as marked tendon
sheath widening, synovial proliferation, loss of
the normal homogeneous fibrillary echotexture,
and a large intratendinous tear [75]. These condi-
tions with FPL tenosynovitis might cause carpal
tunnel syndrome [76]. Additionally, calcific ten-
dinitis of the FPL should be differentiated from
trauma, septic arthritis, tenosynovitis, or even a
soft tissue mass, because in most cases, the symp-
toms mimic each other [77].

When the IP joint was dislocated while the
FPL was wrapped around the radial condyle of
the proximal phalanx, the displaced FPL hin-
ders the closed reduction of the displaced IP
joint [78].
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Extensor Tendon

Young Ho Lee

Extensor Tendon

Injuries to the extensor tendon more frequently
occur than flexor tendon injuries. With regard to
thumb tendon injuries, extensor tendon is more
significantly involved than the flexor tendon [1].
Among open extensor tendon injuries, injuries to
the thumb are the most frequent, followed by
those to the index finger [2]. The following com-
ponents may contribute to this data. Open exten-
sor tendon injuries lack overlying subcutaneous
tissue. Open extensor tendon injuries are superfi-
cially located and more associated with sports
injury. But the management of extensor tendon
injury is frequently underemphasized. The com-
posite system of extensor mechanism with exten-
sor retinacula structures and both extrinsic and
intrinsic tendon may contribute to the difficult
management. Moreover, the extensor tendon
apparatus are superficially located with thin soft
tissue structures that are very close to the bones,
which make them prone to soft tissue or tendon
loss and underlying fracture dislocation. In a
given situation, a thorough understanding of the
anatomy and extensor mechanism is necessary to
provide appropriate treatment (see Chap. 2).

The extensor muscle bellies become an exten-
sor tendon at the lower third of the forearm and
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transmit muscle forces. At the level of the wrist,
the extensor tendon passes the six compartments
beneath the extensor retinaculum. The extensor
retinaculum forms fibro-osseous tunnel and acts
to prevent bowstrings. The thumb extensors lie
within the first (APL, abductor pollicis longus,
and EPB, extensor pollicis brevis) and third
(EPL, extensor pollicis longus) dorsal extensor
compartments. After passing through the exten-
sor retinaculum, the extensor tendons become
more thin and flat. According to Doyle’s mea-
surement, the thickness of the extensor mecha-
nism in the fingers is within a range of 1.75 mm
in zone 6 to 0.65 mm at zone 1, and similar range
applies to the thumb [3]. Therefore, standard core
sutures become technically impossible when
dealing with extensor tendon apparatus at this
level.

Extensor Mechanism of the Thumb

The thumb has two extrinsic extensor tendons
(extensor pollicis brevis on the radial side and
extensor pollicis longus on the ulnar side) and
three short muscles (flexor pollicis brevis and
abductor pollicis brevis muscles on the radial side
and the adductor pollicis muscle on the ulnar side)
that contribute to the extensor apparatus. The EPB
inserts into the base of the proximal phalanx or the
extensor tendon apparatus of the thumb at varying
levels and extends the MP joint of the thumbs and
may be able to extend the IP joint of the thumb.
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The EPL tendon inserts into the base of the distal
phalanx of the thumb and extends the joint of the
thumb and contributes to abduction and extension
of the wrist. When checking the EPL tendon of the
thumb, the examiner must hold the metacarpopha-
langeal joint and must test carefully for active
extension of the interphalangeal joint and active
retropulsion of the thumb toward the dorsum of
the hand. Because an intact EPB can actively
extend the thumb as a unit, although the EPB can-
not extend the interphalangeal joint alone, the
thumb intrinsic muscles assist with interphalan-
geal extension in some patients. The diagnosis of
extensor tendon injuries is often evident. However,
physical examination is less reliable in children,
and finger motion can be limited by the pain. Also,
partial lesions can be missed if the remaining ten-
don is strong enough to create some extension
force. As a general rule, open lesions should there-
fore be surgically explored to identify the extent of
the injury and prevent secondary ruptures. A
detailed neurovascular examination is essential.

Diagnostic Imaging

Plain radiographs are usually obtained at the time
of the initial assessment to evaluate the accompa-
nying bone injury or retained foreign body.
Diagnostic ultrasound and MRI may be useful to
evaluate the continuity of tendon, but they are not
always needed. When a definite diagnosis of ten-
don injury cannot be made, surgical exploration
is usually indicated.

Classification of Extensor Tendon
Injuries of the Thumb

Treatment strategies vary according to the zone
of injury, the chronicity of the injury, and
accompanying injuries of the adjacent structures
(bone and soft tissue). The thumb is described
with its own alternative classification system
(Kleinert and Verdan system) [4] because it has
one less phalanx than the other digits. Zone T1

includes the thumb interphalangeal joint, and
zone T2 includes the proximal phalanx. Zone
T3 is at the metacarpophalangeal joint, and zone
T4 is over the thumb metacarpal. Finally, zone
TS5 includes the third extensor compartment and
the area of the first dorsal compartment. The
extensor pollicis longus, extensor pollicis bre-
vis, and abductor pollicis longus tendons may
be injured in this zone.

“Acute” injury is within 4-8 weeks after origi-
nal injury. With an acute presentation, treatment
depends on whether the injury is open or closed.
Usually, a primary tendon repair is done within
the first 12 h of injury. A so-called delayed pri-
mary repair is one that is done within 24 h to
approximately 10 days. After 10-14 days, the
repair is considered to be secondary; and after
about 4 weeks, the secondary repair is a “late”
secondary repair. “Chronic or old injury” is con-
sidered when more than 8 weeks has passed from
original injury. In chronic injury, tendon recon-
struction should be considered, because tendon is
widely separated and fibrosis of muscle is
progressed.

General Principles
Exposures

For wound exploration and tendon manipulation,
appropriate local or general anesthesia is required.
A wide-awake approach is recommended in select
patients with extensor tendon injuries (see Chap.
12). Various types of incisions can be used for
open repair based on surgeon’s preference and the
shape of the previous laceration. The skin incision
should be planned so that it can be extended prox-
imally or distally and enough for the exploration
of the injured tendon. The IP joint is opened
through an “H” incision or a reverse “Y” incision
or a 90° Z-plasty or lazy S-shaped incision
(Fig. 11.1). On the dorsal side of the thumb, where
a relative abundance of skin is present, lazy
S-shape or Z-plasty can also be used according to
the surgeon’s preference (Fig. 11.2).
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Fig. 11.1 The incision of IP joint of the thumb

Fig. 11.2 The incision of the thumb

Sutures

The strength of tendon suture is affected by the
number of suture strands passing through the
repair site, the suture diameter, the suture mate-
rial properties, and the suture method. Currently
used suture materials are nylon, Prolene (poly-
propylene), PDS (polydioxanone), and Mersilene.
Including Mersilene, Ethibond, Tircon, and
FiberWire, the braided polyester sutures provide
sufficient resistance, easy handling, and secure
knot characteristics. In the past, monofilament
stainless steel was used due to the highest tensile
strength. However, it tends to pull through the
tendon, makes a large knot, and provides han-
dling difficulties. Including catgut and the polyg-
lycolic acid group (Dexon, Vicryl), most
absorbable sutures become weak too early after
the repair. Consequently, these materials are not
suitable for tendon surgery. A variety of different
suture techniques have been described in the
treatment of tendon injuries.

Generally, the suture method and suture cali-
ber depend on the tendon thickness at the level of
injury. Four or more sufficient number of strands
passing through the repair site, appropriate suture
calibers of the suture that are equal to or greater
than 4-0, the suture purchase no less than
7—-10 mm, and the size of the lock or grasp equal
to or greater than 2 mm are essential. However,
the extensor tendons become thin and flat dis-
tally, and extensor tendons cannot accommodate
core sutures. Traditionally, a four-strand core
suture and a supplemental epitendinous suture
have been used for extensor tendon repairs [5—
12]. Clinically, repairs with 4-0 sutures are com-
monly used in extensor tendon repair. Larger 3-0
suture can be used in the more proximal portions
of the tendon such as zone T5. The extensor ten-
dons are thicker and rounder in proximal portion
and are capable of holding core sutures like flexor
tendons.

There are few studies on biomechanics of
suture techniques for extensor tendon injuries
compared with flexor tendon injuries. Newport
reported that the Kleinert-modified Bunnell
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technique and the modified Kessler techniques
were the strongest methods in zones 4 and 6 [8,
9]. Howard and colleagues show the augmented
Becker (MGH) technique to be biomechanically
superior to the modified Bunnell technique and
the Krackow-Thomas technique for extensor
tendon repairs in zone 6 [10]. In a 2005 study,
Woo and colleagues found the modified Becker
technique to be the biomechanically strongest
repair than the double figure-of-eight, a double-
modified Kessler, and six-strand double-loop
for extensor tendon zone 6 injuries [11]. More
recently, Lee and colleagues compared the
modified Bunnell and the augmented Becker
techniques with a new, running interlocking
horizontal mattress technique [12]. They found
the running interlocking horizontal mattress
technique was significantly stronger and led to
less shortening of tendon. Furthermore, the tech-
nique was faster to perform than the other two
techniques.

Doyle proposed the suture techniques for
extensor tendon repair according to the anatomi-
cal site of lesion [3]. For T1 injuries, 5-0 running
suture incorporating the skin and tendon or 5-0
dorsal cross-stitch is recommended. For T2 and
T3 injuries, modified Kessler suture of 4-0 syn-
thetic material in the thickest area and 5-0 dorsal
cross-stitch are recommended. For T4 and T5
injuries, the same as for T2 and T3 is indicated.

Surgical Management
ZonesT1and T2

Mallet Thumb

Closed mallet injuries are uncommon in the
thumb, because the terminal extensor tendon is
thicker on the thumb [13]. The EPL injuries in
these zones can be treated successfully with pro-
longed splinting for 8—12 weeks. According to
Doyle’s classification of mallet finger [3], open
tendon injuries (types 2 and 3) are indications for
surgical repair. If the EPL tendon is cleanly cut at
these zones, the proximal segment does not
retract appreciably, because the adductor pollicis,
abductor pollicis brevis, and extensor pollicis

brevis insert into the extensor expansion; conse-
quently, it can be repaired primarily or second-
arily without grafting or tendon. The tendon is
broad and flat in this region and can be treated by
a fine running mattress 4-0 or 5-0 nonabsorbable
suture that approximates the tendon ends without
shortening of the tendon. Additionally, the IP
joint is stabilized in the extension using one or
two transarticular Kirschner wires. For T1 and T2
injuries, I frequently use several mattress sutures
of 5-0 Prolene to reapproximate the tendon ana-
tomically. If the tendon laceration is irregular,
mattress suture is more useful for regular margin
approximation. Furthermore, in running suture
method, there is only one knot present, and if the
knot is loosened or ruptured, the hold suture fails.
With several mattress sutures, there is less chance
of failure of the whole of the knot. Secure fixa-
tion is achieved with several mattress sutures, but
irritation of the skin due to the increased knot is
possible. But the frequency is not high, because
the 5-0 sutures do not make such a big knot
(Figs. 11.3 and 11.4).

If the distal stump of the tendon is too short to
repair, the bone anchor is used. Approximately
2-3 mm of the scar tissue at the distal end of the
tendon 1is resected, and the tendon is advanced
into the bone via a pullout suture or suture anchor.
At the base of the distal phalanx, the periosteum
was peeled off to insert the anchor. To use a
suture anchor for an avulsion injury, insert the
bone suture anchor before K-wire fixation. After
the bone anchor is seated into the bone, check the
stability by pulling the accompanying thread. A
0.045-in. Kirschner wire was placed across the IP
joint in full extension. The accompanying suture,
which passed through the hub of the anchor, was
then sutured to the terminal extensor tendon in a
half-horizontal mattress fashion (Fig. 11.5).

Tenodermodesis
For chronic resistant mallet thumb, preferred
operative procedure is tenodermodesis.

The combined suture of the tendon and skin is
performed following elliptical wedge resection
of the skin and scarred tendon. The IP joint is
pinned with transarticular Kirschner wire in full
extension for 4-6 weeks.
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Fig. 11.3 (a) The closed tendinous mallet thumb. using one transarticular Kirschner wire. Several mattress
Preoperative photograph is showing inability to extend the ~ sutures of 5-0 Prolene were done to reapproximate the
left thumb. (b) After exploration, ruptured EPL at T1 are  tendon anatomically. (d—f) One year after operation, the
observed. (¢) The IP joint is stabilized in the extension  scar is minimal and obtained full range of motion
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Fig. 11.4 (a) Laceration on T2. After exploration, ruptured EPL at T2 are observed. Due to the extensor expansion,
the proximal stump does not retract appreciably. (b) Primary repair was done with several mattress sutures of 5-0
Prolene

Zones T3 and T4

Lacerations over these zones may involve the
EPL and EPB, or both. The broad expansion of
the metacarpophalangeal joint of the thumb
makes laceration of all components in this area
rare. When the tendon has been divided at the
metacarpophalangeal joint or more proximally,
its proximal segment retracts rapidly. In this
zone, a standard core suture may be used. I use
two modified Kessler sutures of 4-0 Prolene
and finish with a 5-0 cross-stitch sutures. The
underlying MP joint capsule is repaired sepa-
rately. EPB is rare to be solely lacerated, so its
repair is debatable, because extension of the
metacarpophalangeal joint is possible with an
intact extensor pollicis longus. During the
wound exploration, if injuries to the EPB in
these zones are noted, repairing the EPB is rec-
ommended to avoid potential MP joint sublux-
ation (Figs. 11.6 and 11.7).

ZoneT5

Acute Injuries
Zone T5 includes the third extensor compartment
and the area of the first dorsal compartment. The
extensor pollicis longus, extensor pollicis brevis,
and abductor pollicis longus tendons may be
injured in this zone. The superficial radial nerve
also is at risk for injury. Repair at this zone is the
same as for T3 and T4. Large nerve branches may
be repaired when possible or the ends buried to
prevent neuroma formation (Figs. 11.8 and 11.9).
The extensor retinaculum may be released to
expose the injured tendon. However, repairs to
the retinaculum itself may be too bulky or some-
times impossible. But the retinaculum of these
compartments typically does not require subse-
quent repair. The retinaculum may be step-cut or
Z-lengthened so that wound closure is possible
and the repaired tendons are allowed to glide
smoothly under it.
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Fig. 11.5 (a) The closed tendinous mallet thumb. Distal
stump of the tendon is too short to repair. (b) At the base
of the distal phalanx, the anchor was inserted. And a
0.045-in. Kirschner wire across the IP joint was placed in

Chronic Injuries or Segmental Tendon
Loss of EPL Tendon

If the tendon has segmental degeneration, it will
not support a direct repair without undue tension
and must be reconstructed. The transfer of exten-
sor indicis proprius (EIP) or tendon graft using
the palmaris longus tendon is most widely used
for reconstructing the EPL. Good clinical results
have been reported for both techniques [14, 15].

EIP Transfer
This procedure is simple and fast and can eas-
ily be used even for additional shortening of

full extension. (¢, d) Checking the position of anchor and
Kirschner wire. (e, f) The terminal extensor tendon was
sutured in a half-horizontal mattress fashion

the proximal end which may occur through
myostatic contracture, if the presentation is
delayed.

Although functional loss or weakness of the
donor index or an extensor lag is not reported fre-
quently [16], the strength of index extension may
be reduced as much as 49% [17, 18]. Other find-
ings such as loss of dexterity and loss of indepen-
dent extension of the index finger also have been
reported [19]. It is preferable not to use the EIP as
a donor tendon in patients who require great
independence of motion of the index finger such
as musicians, surgeons, and secretaries or in the



Fig. 11.6 Oblique laceration from T3 to T4. (a) Highly
contaminated wound due to sawing machine injury was
observed. (b) Radical debridement of all foreign bodies
and contaminated tissue was done. Partially ruptured EPL
(more than 50%) and complete ruptured EPB were

observed. (¢) Both tendons were sutured and MP joint
capsule is repaired separately. (d, e) Six months after the
operation, achieved full range of motion and observed no
MP joint subluxation
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Fig.11.7 (a) EPL and EPB injuries on T4. (b) Two mod- ~ One year after the operation, achieved full range of motion
ified Kessler sutures were placed, and additional cross- and observed no MP joint subluxation
stitch suture was done to augment the repair further. (c—e)
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Fig. 11.8 (a) Multiple lacerations after electrical lawn
trimmer injury. (b) After wound exploration, demon-
strates a segmental defect in the APL, EBP, and
EPL. Additionally, ECRL, ECRB, and FCR tendon inju-
ries, superficial radial nerve injury, and radial artery injury
were observed. (¢) The segmental defect of EPL, EPB,

and APL was reconstructed with PL graft from the bilat-
eral wrist. And tenorrhaphy of the ECRL and ERCB, arte-
riorrhaphy, and neurorrhaphy were also done. (d—g) Ten
months after the surgery, he was very satisfied with the
results



11 Extensor Tendon

187

Fig. 11.9 (a) Degloving
injuries resulting
flap-like wound and
extensor tendon ruptures
from T4 to TS5. (b) After
radical debridement,
primary tenorrhaphy of
EPL and EPB and
neurorrhaphy of branch
of superficial radial
nerve were done

presence of multiple ruptured tendons secondary
to rheumatoid disease.

A small transverse or longitudinal incision is
made just proximal to the index MCP joint. The
EIP is found ulnar and deep to the EDC tendon
at the index finger MCP joint and is released
subcutaneously to the level of the wrist retinacu-
lum. It is transected proximal to the sagittal
band. A second incision is made overlying the
EIP tendon just distal to the retinaculum, and the
tendon is then retrieved to this level. A third lon-
gitudinal incision is made overlying the EPL ten-
don at metacarpal level, close to the MP joint.
The EIP is tunneled subcutaneously to the distal
end of nonfunctioning EPL tendon. It is not nec-
essary to dissect out the rupture site of EPL ten-
don. When tunneling is done, not ensnaring any
EDC tendons in the passage is important. A
Pulvertaft weave with 3-0 nonabsorbable sutures
is performed. Setting tension during graft inter-
position is a critical issue to obtain balance
between flexion and extension of thumb.
Standard tension is obtained by full extension of
the thumb with 30° flexion of wrist, whereas

over-tension is obtainable with full extension of
the thumb and wrist in neutral position. I recom-
mend slight over-tensioning, because during the
rehabilitation period, the transferred EIP muscle
could be lengthened at the muscular portion.
Postoperatively, a thumb spica cast is placed for
4 weeks and removable thumb spica splint for
another 2 weeks with allowing active motion
(Figs. 11.10 and 11.11).

Interpositioning Tendon Graft

The most common donor tendons used in such
conditions are the palmaris longus and the
plantaris longus, but extensor indicis proprius
and EDM have also been used as a valid graft
option for tendon reconstruction. Interposition
tendon grafting using PL tendon is rare in lit-
erature [20]. This procedure requires two ten-
don repair sites and has the difficulty of
overcoming myostatic contracture for appro-
priate tensioning. And the risk in avascular
necrosis of the autograft which increases the
risk of ruptures may be a limiting factor.
However, I recommend this procedure because



Fig. 11.10 EIP to EPL transfer. (a) Incisions used for
EIP to EPL transfer. Just proximal at the index MP joint, a
first transverse incision is made. (b) The EIP tendon is
located at the most ulnar side. (¢) The EIP is transected
proximal to the sagittal band and withdrawn through sub-
cutaneously to distal margin of extensor retinaculum. A

second transverse incision is made in this point, and the
EIP is reflected to this location subcutaneously. (d) A third
longitudinal incision is made overlying EPL tendon at
metacarpal level. Here, the distal stump of EPL is
observed. (e) The EIP tendon is passed subcutaneously
and sutured with weaving method
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Fig. 11.10 (continued)

the original EPL muscle can be used and proper
tension and amplitude can be obtained.
Additionally, no cortical rearrangement and
adaption are needed. And donor site morbidity
should be minimal with the use of a palmaris
longus graft.

Palmaris Longus Tendon Graft

The presence of this tendon should be deter-
mined before any grafting procedure; its pres-
ence can be exhibited by having the patient
appose the tips of the thumb and little finger
while flexing the wrist. A short transverse inci-
sion is made directly over the tendon just proxi-
mal to the flexion crease of the wrist. The distal
end of the tendon is clamped with a hemostat
and held taut, while the stripper is advanced
proximally. A second transverse incision is made
over the tendon at the junction of proximal third
of the forearm. The tendon is identified and
divided (Fig. 11.12).

Fig. 11.11 EIP transfer, clinical case. EPL rupture,
2 months after volar plating. No offending screws are
observed. (a) Preoperative plan was EPL reconstruction
by interpositioning PL graft. After exploration along the
course of EPL, ruptured ends of the EPL were identified.
(b) Ends of EPL tendon after resection of the degenerated
part on either side. Ends of the EPL were identified; the
degenerated parts were excised. (¢) Due to severe myo-

fibrosis, EPL was avulsed from its origin during excur-
sion modulation. (d) EIP transfer to EPL was done with
end-to-side interweave suture with 3-0 Prolene. Tension
of the reconstruction was set by full extension of the
thumb in neutral position of the wrist. (e-g) Six months
after the surgery, nearly full range of motion of the thumb
was obtained, and no extension lag on index finger was
observed
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Fig. 11.11 (continued)

Fig. 11.12 Palmaris longus tendon graft. (a) A short
transverse incision is made directly over the tendon just
proximal to the flexion crease of the wrist. And the distal
end of the tendon is ligated with a sling and held taut. (b)
A second transverse incision is made over the tendon at
the junction of proximal third of the forearm

Procedure

Along the course of EPL, ruptured ends of the
EPL were identified, and the degenerated parts
were excised. Appropriate length of ipsilateral
palmaris longus was harvested and grafted
between the ends of the EPL. Grafted tendons
can be sutured using the Pulvertaft technique in
proximal stump and modified Kessler technique
at that of distal stump with 3-0 polydioxanone
(PDS, Ethicon). But I prefer end-to-side inter-
weave technique with 3-0 Prolene. I recommend
slight over-tensioning like EIP transfer proce-
dure, because during the rehabilitation period,
the grafted PL could be loose and the adaptation
process could occur. Third dorsal compartment
retinaculum was sutured beneath the graft. The
grafted tendon was left subcutaneously and not
imbedded in the third dorsal extensor compart-
ment. The grafted tendon should be rerouted
from around the Lister tubercle to avoid adhesion
and abrasion of the graft (Fig. 11.13).

Previous published series reported a 4.4-8.6%
incidence of extensor tendon rupture following
volar plating [21, 22]. If there is offending screws
during EPL exploration, removal is needed,
because it might cause damage subsequently.
Plate removal should not be attempted as it may
not be possible or might cause refracture of the
radius. But, after confirmation of the fracture
union, plate removal can be attempted. Wounds
were then closed, and postoperative manage-
ments are the same with EIP transfer.

Complicated Injury

Injuries of the extensor tendon of the thumb are
frequently complicated by lesions of the bone
and joint and soft tissue defect. These compli-
cated injuries are difficult to treat for surgeon.
Before repair or reconstruction of the extensor



Fig. 11.13 Reconstruction of a ruptured extensor pollicis
longus (EPL) tendon with the use of a palmaris longus
tendon graft. (a) Preoperatively, she cannot extend her
right thumb actively. (b—d) After exploration along the
course of EPL, ruptured ends of the EPL were identified.
(e) Harvest of the ipsilateral palmaris longus tendon as a
graft. (f) The proximal stump of the tendon was sutured

with the graft end-to-side interweave suture with 3-0
Prolene. (g, h). Maintaining appropriate tension, distal
stump was sutured with the same method. (i) The grafted
tendon was left subcutaneously and not imbedded in the
third dorsal extensor compartment. (j, k) Two years after
the surgery, full range of motion was obtained
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Fig. 11.13 (continued)

tendons, the basic reconstructive principles are
also applied as in other multiple complicated
injuries. First of all, radical debridement of all
contaminated and devitalized tissue in order to
prevent infection is mandatory. Second, bone
and joint stabilization must be obtained before
soft tissue surgery. Third, osseous structures and
tendons must be provided with durable and
healthy soft tissue coverage. Therefore, primary
or delay flap surgery is often necessary.
Traditionally, staged procedures have been
addressed, but more recently, one-stage proce-
dures for defects involving the mutilating inju-
ries have been reported with excellent results
[23-25]. The primary tendon reconstruction or
transfer can be performed at the time of soft tis-

sue surgery. Staged reconstruction of extensor
tendons using silicone rods is not necessary,
because the creation of tendon sheath is not criti-
cal [26, 27] (Figs. 11.14 and 11.15).

Partial Tendon Injury

For lacerations that are more than 50% of the
tendon cross-sectional area, repairing the tendon
is usually accepted. If the cross-sectional area
lacerated is less than 50%, tendon is either
repaired or debrided. There have been consider-
able debates; my preference is repairing the
tendon using a core suture method and a circum-
ferential suture (Fig. 11.16).
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Fig. 11.14 (a) Rollover motor vehicle crash resulting in
open MP joints and exposed tendons from T2 to T5. (b)
After radical debridement, fixation with screws and plate
was done. It is important to stabilize the bone, smooth all

rough surfaces, and close the periosteum to prevent re-
rupture of the tendon. (¢) EPL and EBP repair was done.
(d-f) One year after surgery, achieved full range of
motion, and bone union was confirmed on the X-rays
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Fig. 11.15 (a, b) An 8-year-old girl with small cell sar- and EPB was done. And the flap operation was done
coma on her right wrist; wide excision was done by tumor  simultaneously. (e-g) Ten years after the operation, excel-
surgeon. (¢, d) Harvest of the ipsilateral and contralateral  lent results were obtained

palmaris longus tendon as a graft. Reconstruction of EPL
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Fig. 11.16 Partial laceration. (a) Less than 50% of the tendon is lacerated. (b) After debridement, the tendon was
repaired with a circumferential suture
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Wide-Awake Tendon Surgery
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Myung Jae Yoo and Sang Hyun Woo

Introduction

Wide-awake anesthesia without the use of a tour-
niquet or sedation is widely used in hand surgery.
This procedure is well described by WALANT,
the wide-awake local anesthesia no tourniquet
technique [1, 2]. The only two medications
required for treatment would then include lido-
caine for anesthesia and epinephrine for hemo-
stasis. In addition, the technique provides
additional benefits such as eliminating the need
for intravenous insertion, constant monitoring,
routine preoperative testing, and fasting for the
patient.

The advent of increasingly safe general anes-
thesia before 1950 generated the era of bloodless
tourniquet hand surgery that dominated the field
for the past 15 years. Although it was once taboo,
the early 2000s brought solid evidence that epi-
nephrine hemostasis in the finger and hand is safe
[2-5] and that the use of the tourniquet and its
requirement for sedation are no longer essential
to perform hand surgery.
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Dosage of Local Anesthesia
in Wide-Awake Surgery
of the Thumb

The use of tumescent local anesthesia to a
tourniquet-free extravascular Bier block in which
subcutaneous injections of lidocaine with epi-
nephrine are administered only when necessary.
In this technique, the epinephrine substitutes the
tourniquet to achieve hemostasis. Although some
literature supports the safe use of 35 mg/kg of
lidocaine with epinephrine [6], the generally
accepted maximal dose is 7 mg/kg. Therefore the
average 70 kg person can safely receive 50 cc 1%
lidocaine with epinephrine. This mixture remains
quite effective when diluted with up to 150 cc of
saline to attain the frequently used 0.25% lido-
caine with 1:400,000 epinephrine [7].

Special precaution must be taken with the vol-
ume so that “top-ups” are never required. If 50 cc
or less is needed, the use of 1% of lidocaine with
1:100,000 epinephrine is recommended. If any-
where between the ranges of 50 and 100 cc is
required, 0.5% lidocaine with 1:200,000 epi-
nephrine will be satisfactory. For any necessary
quantities between 100 and 200 cc, the use of
0.25% lidocaine with 1:400,000 epinephrine is
ideal. Concentrations of bicarbonate are used to
neutralize the acidic average pH of 4.7 of 1%
lidocaine with 1:100,000 epinephrine, but the
preferred ratio is 10 cc lidocaine to 1 cc 8.4%
bicarbonate to decrease injection pain [8§]
(Fig. 12.1).
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Fig. 12.1 (a) The anesthetic solution used for injection (1% lidocaine, 1:100,000, 8.4% bicarbonate, epinephrine), (b)
the injection needle (30-gauge needle, 25-gauge needle, and 18-gauge needle)

Minimal Pain Injection Tumescent
Local Anesthesia

A 27-gauge needle causes less pain going in the
patient’s skin than a 25-gauge needle, and it helps
remind the injector to slow down. The injector
should start by injecting 2 cc slowly, just below
the skin. The use of 30-gauge needles for chil-
dren or patients who are particularly sensitive is
recommended. The pain can be alleviated by cre-
ating sensory noise in the area of injection which
is icing the skin or vibrating.

Nerves in the dermis are akin to trees with
sensitive leaves, and the fatter areas to sturdier
branches and tree trunks. So administrating the
injection in the dermis causes more pain than in
subcutaneous fat. When the needle is inserted, an
injection of 0.5 mL with a perpendicular needle
just under the dermis and pausing until the
patients say the needle pain is gone is advisable.

Also, precaution must be taken to never let the
needle get ahead of the local anesthetic [9]. If this
happens, the sharp needle tip will irritate nerve
endings that have not been numbed. As a precau-
tionary measure, the mental repetition of a phrase
such “blow slow before you go” while injecting
the area will assist in slowing down and exercis-
ing patience. If the injection is administered in an
anterograde direction while advancing gradually
and steadily under the skin, the sharp needle tip
will only enter numbed territory.

Technique for Injecting Local
Anesthesia

The local anesthetic is injected in the digits of the
patient in the waiting area, 30 min prior to apply-
ing anesthesia. The injection starts proximally
with a fine needle (25- or 30-gauge). Between 10
and 15 mL of infiltration is injected in the most
proximal part next to the area likely to be dis-
sected to block the nerves distally. In this way,
the large volume of the first injection will bathe
all of the nerves leading to the area of later injec-
tions. In making the first injection, the needle is
inserted perpendicularly to the skin into the sub-
cutaneous fat to reduce the pain of injection [10].
The syringe is then stabilized by propping the
fingers on the skin to avoid needle wobble. The
first 0.5 mL is injected for a duration of 5 s and
followed by a 15-45 s pause, until the patient
reports that the sting is gone. The rest of infiltra-
tion is then injected very slowly, for a duration of
more than 5 min, while keeping the needle still.
About 10-15 min after the first injection, the
whole distal area of dissection is almost or com-
pletely numb. As a result, the next injections will
be pain-free. The next three injections are used
mainly for the epinephrine vasoconstriction
effect for digital nerves.

In the finger, the 1% lidocaine with 1:100,000
epinephrine is injected into the subcutaneous fat
in the middle of the base of the phalanges,
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Fig. 12.2 Wide-awake local anesthesia for flexor pollicis
longus (FPL) in the thumb. (a) Between 10 and 15 mL of
1% lidocaine with 1:100,000 epinephrine buffered with
10:1 8.4% bicarbonate is injected with a 27-gauge needle
in the palm more proximal than the most proximal inci-
sion possible. The local anesthesia is injected slowly just
under the skin in the fat without moving the needle. (b)

between both digital nerves. This ensures that
the bevel of the needle does not lacerate the fas-
cicles. In the proximal and middle palmar pha-
langes, 2 mL is injected. In the distal phalanx,
I mL is injected. The routine injection of
10-15 mL in the palm follows wherever dissec-
tion will be performed (Figs. 12.2 and 12.3)
(Video 12.1).

Advantages of WALANT

There are several advantages of flexor tendon
repair in wide-awake surgery. The most impor-
tant advantage is intraoperative testing which can

Fifteen minutes after the first injection, the second injec-
tion (10 mL) was performed subcutaneously at the more
proximal palmar area between both digital nerves. (¢) The
final injection (2 mL) was performed immediately after
the second injection under the skin at the palmar digital
crease between both digital nerves

reveal the gapping of a weak repair and decrease
rupture rates [11]. These repairs get less tenolysis
because intraoperative testing of the repair guides
the surgeon to vent pulleys that impede the full
flexion or extension of the thumb [12]. Surgeons
can educate the lucid patient during surgery, so
they understand how to avoid rupture and getting
stuck [13]. Intraoperative flexor tendon repair
testing guides the surgeon in the decision to
maintain a superficialis repair or resect a superfi-
cialis slip [14]. Seeing full active flexion and
extension with no gap during the surgery empow-
ers the surgeon to allow up to half a fist of true
active postoperative flexion (not place and hold)
3-5 days after surgery [15].
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Fig. 12.3 Wide-awake local anesthesia for extensor pol-
licis longus (EPL) tendon in the thumb. (a) Between 10
and 15 mL of 1% lidocaine with 1:100,000 epinephrine
buffered with 10:1 8.4% bicarbonate is injected with a
27-gauge needle in the palm more proximal than the most
proximal incision possible. The local anesthesia is injected
slowly just under the skin in the fat without moving the

Flexor Pollicis Longus (FPL) Repair
of the Thumb

When the proximal ends of the tendon are pulled
out to length, patients will sometimes actively
pull the flexor tendon away from the surgeon.
This is usually easily dealt with by asking the
patient to relax the finger. If that does not work,
the patient is asked to actively extend the finger,
which causes a reflex that relaxes the involved
flexor tendon. The flexor tendon is then brought
out to length and skewered into position with
22-gauge hypodermic needles [14]. The flexor
pollicis longus (FPL) tendon is repaired with a
six-strand core suture repair (Prolene 4-0
suture, M-Tang method using looped suture, or

needle. (b) Fifteen minutes after the first injection, the
second injection (10 mL) was performed subcutaneously
at the more proximal palmar area between both digital
nerves. (c¢) The final injection (2 mL) was performed
immediately after the second injection under the skin at
the dorsal proximal phalanx of the thumb

M-Becker’s method). Repeatedly testing the
patient’s full active flexion and extension of the
thumb after each core and epitenon suture is
advised to make sure that there is no gap and
that the repair fits through the pulleys. Before
the skin closure, there are three tests that should
be conducted: full active extension to verify that
there is no gapping between the tendon ends;
smooth active flexion to verify smooth gliding
of the tendon and its repair site; and active flex-
ion to almost fully flex the digit to verify that no
pulley prevents tendon gliding. Surgeons can
repair any gaps and vent pulleys as required to
get a full range of motion [16]. In postoperative
therapy, immobilize and elevate the hand until
swelling, friction, and the work of flexion are
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Fig.12.4 (a) Simple distal thumb block. When you inject
2 mL of 1% lidocaine with 1:100,000 epinephrine (buff-
ered at a ratio 10 mL of 8.4 sodium bicarbonate) in subcu-
taneous fat in the red spot point. (b) The flexor pollicis
longus (FPL) in carpal tunnel may benefit from a median
nerve block of 10 mL of 1% lidocaine with 1:100,000 epi-
nephrine and 1 mL of 8.4% sodium bicarbonate under the
skin and under the distal forearm fascia in the proximal
red spot. Up to 20 mL of the same solution wound go in
the palm, starting with 10 mL over the carpal tunnel, then
10 mL over the thenar eminence, and 2 mL in the thumb

gone (3-5 days). Initiate up to half a fist of true
active movement (not place and hold) from day
4 or 5. In the initial first to second week, patients
keep the active flexion within only one-third of
the range of motion with dynamic splint.
Patients should avoid full range of active flexion
in the first 2 to 3 weeks. Full range of active
motion starts at 4 weeks post-repair (Fig. 12.4)
(Video 12.2).

proximal phalanx injection point just under the skin. (¢) A
39-year-old patient hurt by a knife ruptured the flexor pol-
licis longus (FPL). Thirty minutes after the local anesthe-
sia injection, the epinephrine takes effect. The wound was
exposed through the A1 pulley stepladder and was opened.
(d) This FPL shown was repaired with a 6-strand M-Tang
technique. (e) After FPL repair, the patient actively
extended and flexed the thumb to perform the extension-
flexion test. Al pulley was reconstructed with fourth FDS
radial slip about bowing of FPL. (f) After skin suture, the
patient actively flexed the thumb

Extensor Pollicis Longus (EPL)
Tendon Repair of the Thumb

Surgeons ask the patients to flex the thumb to get
the extensor to relax. The extensor pollicis longus
(EPL) tendon is repaired with a six-strand core
suture repair (Prolene 4-0 or 5-0 suture,
Silfverskiold epitendinous suture, or M-Becker’s
method). Surgeons then test the following areas:



204

M. J. Yoo and S. H. Woo

full fist flexion and full extension after repair to
verify that there is no gapping between the ends of
the tendons and smooth active flexion to verify the
smooth gliding of the tendon. In postoperative
therapy, immobilize and elevate the hand until
swelling, friction, and work of flexion are gone

(3-5 days). Patients then must comply with con-
trolled active mobilization exercises which involve
active joint extensions and limiting joint flexion
with a palmar splint in the initial 1-2 weeks. Full
range of active motion with dynamic splint starts
at 3 weeks post-repair (Fig. 12.5).

Fig. 12.5 (a) Dorsal thumb proximal phalanx block.
When you inject 2 mL of 1% lidocaine with 1:100,000
epinephrine (buffered at a ratio 10 mL of 8.4 sodium
bicarbonate) in subcutaneous fat in the red spot point. (b)
When extensor pollicis longus (EPL) tendon is ruptured
at more proximal area, 10 mL of anesthetic mixture of
1% lidocaine with epinephrine (1: 100,000) buffered with
10:1 8.4% bicarbonate is injected with a 27-gauge needle
in just dorsal distal wrist red spot point. Fifteen minutes
after the first injection, the second injection (5-10 mL)
was performed subcutaneously at the more proximal dor-
sal area between both superficial radial sensory nerves.
The final injection (2 mL) was performed immediately

after the second injection under the skin at the dorsal
proximal phalanx of the thumb. (¢) A 47-year-old patient
hurt by a sickle ruptured the extensor pollicis longus
(EPL) tendon. Thirty minutes after the local anesthesia
injection, the epinephrine takes effect. Thumb flexed and
extended on the table. After that, the wound was exposed.
(d) This EPL shown was repaired with a Silfverskiold
epitendinous suture. (e, f) After EPL repair, the patient
actively extended and flexed the thumb to perform the
extension-flexion test before the skin closure. It could
ensure to no gapping between the tendon ends and
smooth active flexion to verify smooth gliding of the
tendon
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Tenolysis of the Thumb

Tenolysis in the thumb after tendon surgery or
trauma is effective in wide-awake surgery. The
patient can actively move the thumb to ensure that
tenolysis is adequate and that the tendon is strong
enough to move the tendon. The surgeons can
intraoperatively ask the patient to actively flex or
extend the thumb to see the active gliding of the
tendon. If the tenolysis is sufficient, the surgery is
complete. If the tenolysis is insufficient, further
release of scar around the tendon is necessary.
Tendons are sometimes found frayed during
surgery. Active motions by the patient can help
the surgeon test the strength of such tendons. If
the tendon is remarkably elongated or is broken
when the digits or the hand is in movement, ten-
don reconstruction using a tendon grafting should
be considered. During active motion, the strength
of the pulley can be tested as well, and whether
the pulleys restrict tendon gliding can be assessed.

If the pulleys are broken during active tendon
motion, important annular pulleys may need
reconstruction. Restriction of the tendon gliding
from the pulleys may need further release of
adhesions or a pulley plasty or pulley shortening
procedure.

Patients can watch themselves move the
thumb through a full range of motions before the
skin is closed. They know that their thumb will
function well once they overcome the postopera-
tive discomfort and stiffness through putting
effort in therapy. Early active motion is a key
factor in the success of any tenolysis procedure
and should be instituted as soon as possible. If
hemostasis is not a concern and the pain is toler-
able, rehabilitation in the operating room is pref-
erable. Splinting is usually not necessary. Formal
therapy continues until the patient has reached a
plateau in recovery, with no improvement in
active range of motion over 3 weeks [16]
(Fig. 12.6) (Video 12.3).

Fig. 12.6 (a) The flexor pollicis longus (FPL) in hypo-
thenar may benefit from a median nerve sensory branch
block of 10 mL of 1% lidocaine with 1:100,000 epineph-
rine and 1 mL of 8.4% sodium bicarbonate under the skin
in the proximal red spot. Starting with 10 mL over the
thenar eminence and 2 mL in the thumb proximal pha-
lanx injection point just under the skin. (b) 10 mL of
anesthetic mixture of 1% lidocaine with epinephrine
(1:100,000) buffered with 10:1 8.4% bicarbonate is
injected in just dorsal distal wrist red spot point. The sec-
ond injection (5-10 mL) was performed subcutaneously
at the more proximal dorsal area between both superficial
radial sensory nerves. The final injection (2 mL) was per-

formed immediately after the second injection under the
skin at the dorsal proximal phalanx of the thumb. (c)
After a 27-year-old patient was repaired of flexor pollicis
longus (FPL), the thumb was flexion contracture. Thirty
minutes after the local anesthesia injection, the epineph-
rine takes effect. The thumb flexed and extended on the
table. After that, the wound was exposed. (d) The tenoly-
sis of FPL was done, and volar plate and joint capsule in
interphalangeal joint of the thumb were released. (e, f)
After that, the patient actively extended and flexed the
thumb to perform the extension-flexion test. It could
ensure to smooth active flexion to verify smooth gliding
of the tendon
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Fig. 12.6 (continued)

Extensor Indicis Proprius (EIP)
to Extensor Pollicis Longus (EPL)
Tendon Transfer

Rupture of the EPL is most frequently seen after
a fracture of the radius. The transfer of the EIP is
simple, synergistic, readily available, and ana-
tomically close. Patients do not have to learn
about this transfer and can cooperatively move
the thumb immediately on the operating table
while remaining wide awake.

Tendon transfer is best indicated during wide-
awake surgery, while adjusting for the tension of
the transfer has always been difficult during con-
ventional surgery. With the patient being awake,
they can move actively to determine the appropriate
tension of the transfer. It is easy to make a tendon
transfer too tight to too loose. Surgeons can see
that tour tendon transfer tension is correct by
watching the patient take the thumb through a full
range of motion before closing the skin [17].

The EIP and EPL tendon stumps are over-
lapped so that the thumb position looks good
with wrist flexion and wrist extension, as is done
under motor block anesthesia. Two temporary
mattress sutures are placed between the two ten-
dons. One suture may not be enough to hold the
tendons with active movement. The patient is
then asked to extend the thumb as if hitchhiking,
to test whether the tension is tight enough. The
patient is then asked to touch their little finger
with their thumb, to make sure the tension is not
too tight. Tension is adjusted until it is just right,
and then a Pulvertaft weave is carried out [18].

Rehabilitation in patients who have already
seen themselves perform a full range of motions
on the operating table is greatly facilitated
compared with those who have been sedated
and told that the procedure will be successful
after surgery. Motion with dynamic splint
begins 4 days after post-repair (Fig. 12.7)
(Video 12.4).
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Fig. 12.7 (a) 10 mL of anesthetic mixture of 1% lido-
caine with epinephrine (1:100,000) buffered with 10:1
8.4% bicarbonate is injected in dorsal wrist red spot point.
The second injection (5-10 mL) was performed subcuta-
neously at the more proximal dorsal area (the index and
thumb) between both superficial radial sensory nerves. The
final injection (2 mL) was performed immediately after the
second injection under the skin at the dorsal proximal pha-
lanx of the thumb and metacarpophalangeal joint of the

index finger. (b) A 64-year-old patient ruptured the sponta-
neous extensor pollicis longus (EPL) tendon. Thirty min-
utes after the local anesthesia injection, the epinephrine
takes effect. On table, the thumb actively extended and
flexed in intraoperative field. (¢) The wound was exposed
with tourniquet help for bloodless surgical field. (d) This
EIP to EPL shown was repaired with a Pulvertaft weave.
(e, ) After tendon transfer, the patient actively extended
and flexed the thumb to perform the extension-flexion test
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Flexor Digitorum Superficialis (FDS)
of the Long or Ring Finger to Flexor
Pollicis Longus (FPL) Tendon
Transfer

The flexor pollicis longus (FPL) flexes the inter-
phalangeal (IP) joint of the thumb, and the loss of
this motion impedes precision pinch activities.
The flexor digitorum superficialis (FDS) tendon
transfer of the ring or the long finger is a good
option for FPL  reconstruction under
WALNAT. The harvest of the flexor digitorum
superficialis (FDS) of the ring or the long finger
is not difficult through small incisions, replacing
the FPL entirely without supplement by a tendon
graft. The procedure also requires little
reeducation.

When the FPL is exposed, the normal retinac-
ular pulley system is preserved. The FDS of the
ring or the long finger is harvested after verified

FDS movement. A third transverse incision is
made at the base of the ring finger, and the FDS is
cut, leaving the distal 1 cm and its insertion
intact. The FDS is then withdrawn into the distal
forearm wound and redirected into the thumb
flexor tendon sheath. Two temporary mattress
sutures are placed between the two tendons. The
patient is then asked to extend the thumb as if
hitchhiking, to test whether the tension is tight
enough. Tension is adjusted until it is just right,
and then a Pulvertaft weave is carried out.
Splinting and rehabilitation after FPL recon-
structions are akin to primary repair like early
active mobilization in a protective dorsal splint. It
is necessary to include a dorsal splint behind the
fingers as well as behind the thumb and prevent
finger gripping activities, as these are followed by
movement of the thumb into tight flexion over the
dorsum of the index finger, which may rupture
any suture of the FPL (Fig. 12.8) (Video 12.5).

Fig. 12.8 (a) The harvested flexor digitorum superficia-
lis (FDS) of the ring or long finger in carpal tunnel may
benefit from a median nerve block of 10 mL of 1% lido-
caine with 1:100,000 epinephrine and 1 mL of 8.4%
sodium bicarbonate under the skin and under the distal
forearm fascia in the proximal red spot. Up to 20 mL of
the same solution wound goes in the palm, starting with
10 mL over the carpal tunnel, then 10 ml over the thenar
eminence, and 2 mL in the thumb proximal phalanx injec-
tion point just under the skin. Additional injection (2 mL)
was performed immediately after the second injection
under the skin at proximal phalanx of the ring or long fin-
ger. (b) A 45-year-old patient ruptured the spontaneous

flexor pollicis longus (FPL). Thirty minutes after the local
anesthesia injection, the epinephrine takes effect. On the
table, the thumb actively extended and flexed in intraop-
erative field. The wound was exposed with tourniquet help
for bloodless surgical field. (¢) The FDS of the ring or the
long finger is harvested after verified FDS movement. The
FDS is then withdrawn into the distal forearm wound and
redirected into the thumb flexor tendon sheath. (d) Two
temporary mattress sutures are placed between the two
tendons. The patient is then asked to extend the thumb as
if hitchhiking, to test whether the tension is tight enough.
(e, f) After tendon transfer, the patient actively extended
and flexed the thumb to perform the extension-flexion test
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Fig. 12.8 (continued)

Complications and Limitations

The white thumb after injection with epinephrine
was seen when performing this procedure. If it
should occur and the surgeon is uncomfortable
with it, 1 mg of phentolamine (an alpha-
adrenergic blocking agent introduced in 1957 as
antihypertensive agent in pheochromocytoma
management) can be diluted into 5-10 mL of
saline solution and injected wherever epineph-
rine has been introduced. This is done to reverse
vasoconstriction. Generally, capillary refill
returns within 1 h [3)] (Fig. 12.9).

Wide-awake anesthesia has its own limita-
tions. There is a constraint on the time in which
the surgery can be carried out and a risk of enlarg-
ing the dissection and surgery areas. In addition,
there is a risk of bleeding at the initial stage of
surgery. These limitations can be addressed and
minimized. Lidocaine’s effect lasts 2 h, providing

enough time for the surgery to be carried out. In
addition, the enlargement of the surgery area can
be prevented by diluting the injection and carry-
ing out the procedure. Lastly, utilizing a tourni-
quet at 200 mmHg during the first 20 min of the
surgery can be used to combat any initial
bleeding.

Improved Results with Tendon
Surgery

The ability to detect and repair gapping that can
be seen during a WALANT flexor tendon repair
has decreased the rupture rate [18]. In addition,
full flexion and extension by a comfortable,
cooperative, tourniquet-free patient allows the
surgeon to vent pulleys and trim the repair so that
the full range of flexion and extension of the fin-
ger can be obtained intraoperatively before the
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Fig. 12.9 (a) Phentolamine is the rescue agent for epi-
nephrine vasoconstriction in the thumb. (b) The white
thumb after injection with epinephrine was seen. (¢) 1 mg
of phentolamine can be diluted into 5-10 mL of saline

skin is closed; this decreases the need for
subsequent tenolysis [15, 16]. Obtaining an opti-
mal tendon transfer is challenging because
transfers can be either too tight or too loose. With
this approach, the extensor indicis to extensor
pollicis longus transfer can be adjusted during
the procedure to achieve optimal results [12].
Incorporating intraoperative mobilization using
“wide-awake” surgery could emerge to further
improve tendon outcomes. However, good surgi-
cal approach, meticulous surgery, up-to-date
physiotherapy regimens, and patient education
remain the cornerstone of obtaining optimal
outcomes.

Conclusion

Patients who are wide awake are comfortable,
cooperative, and educable and are able to assist
the surgeon set the correct tension for the trans-
fer. Surgeons flex and extend the finger before the
skin is closed to make sure that the transfer is not
too tight or too loose. In addition, remembering
the fine movements of the finger during surgery
assists patients when they are in postoperative
hand therapy. Surgeons can also ensure the more
accurate results of tendon surgery in both the
intra- and postoperation stages.

In conclusion, wide-awake no tourniquet sur-
gery, which allows tendons to actively move dur-
ing surgery, greatly benefits surgeons by allowing

solution and injected wherever epinephrine has been intro-
duced. This is done to reverse vasoconstriction. Generally,
capillary refill returns within 1 h

them to test tendon function and ensure the ten-
don is properly repaired before leaving the oper-
ating table.
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Introduction

Human evolution is characterized by parallel
increases in brain size and hand development.
Brain enlargement, along with the development
of thought and intelligence, increased together
with the area of cerebral cortex that is associated
with the hand. “Cortex man or cortical homuncu-
lus” emphasizes how much area of the cerebral
cortex is associated with the hand, particularly
the thumb. This is also the reason that motor and/
or sensory loss of the thumb causes considerable
inconvenience and suffering for patients.

The skin of the palm and volar fingers is differ-
ent from other types of skin. Fingertips are cov-
ered with glabrous skin, which is tough, durable,
and resistant to pressure and tearing. Pulp sup-
ports glabrous skin and protects the underlying
bone and tendon. Glabrous skin and its supporting
pulp tissue contain a high concentration of spe-
cialized nerve endings that are critical to its func-
tion [1]. Swartz distinguishes sensory recovery as
the critical sensibility of fingertips and the protec-
tive sensibility of the palm and dorsum [2]. This is
important to consider during the reconstruction of
sensory loss that is due to soft tissue defects.

The loss of sensation alone does not affect the
motor area. However, movement control requires
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a continuous and reciprocal exchange of infor-
mation between the motor and the task programs
and the elaborating proprioceptive sensory sys-
tem [3]. For example, a patient with nerve defects
will not feel the proper pressure during a pinch or
holding. These patients will flex a thumb more to
prevent drop instead of using opposition.
Additionally, these patients often use unneces-
sary movement to complete small tasks and com-
pensate for sensory loss with eyesight.

First, the loss of sensation from the thumb
feels uncomfortable to the patient, in addition to
the secondary effects in the motor area due to loss
of sensation. Patients express that the thumb feels
numb and like the flesh of another person. The
skin is easily damaged because it does not feel
pain from trauma, and this can cause wounds and
soft tissue infection. Occasionally, the patient
may burn themselves while performing hyper-
thermia on the region that has experienced sen-
sory loss. Therefore, loss of sensation of the
thumb should not be considered simply as a loss
of sensation but should also be treated for its role
in affecting movement.

Nerve Anatomy

Sensory Nerve from the Median
Nerve and Radial Nerve

The median nerve and the radial nerve are the
sensory nerves in the thumb. The median nerve
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dominates the senses of the volar area of the
thumb and the dorsal area below the interphalan-
geal (IP) joint. In contrast, the radial nerve con-
trols the dorsal side of the thumb. As the median
nerve progresses through the upper arm, there is
no branching of the motor and sensory nerves.
After the cubital fossa, the motor nerve first
branches toward the pronator teres. Thereafter, it
travels between the flexor digitorum superficialis
(FDS) and the flexor digitorum profundus (FDP),
and the motor nerve branches to the forearm. The
median nerve continues and branches into the
palmar cutaneous nerve at 5 cm above the wrist
flexion crease, to allow sensing of the radial side
palm. The remaining median nerve passes
through the carpal tunnel. This passing median
nerve branches into the recurrent median nerve
for the thenar muscles. Finally, the proper digital
nerves are then branched to fingers 1, 2, and 3
and the radial side of fourth finger [4].

The radial nerve is divided into a deep branch
and a superficial branch at the elbow level. The
superficial branch runs between the brachioradia-
lis and extensor carpi radialis longus (ECRL), but
clinically it lies under the brachioradialis and
runs adjacent to the radial artery at the forearm.
Proximal 9 cm from the radial styloid, the super-
ficial radial nerve passes out between the bra-
chioradialis and ECRL at the subcutaneous layer.
After that, it travels in the direction of the radial
styloid to the dorsal side of fingers 1, 2, and 3 and
the radial side of finger 4. The cephalic vein runs
through the forearm past the radius distal epicon-
dyle. Superficial radial nerves can easily be seen
traveling along with the cephalic vein (Fig. 13.1).

The proper digital nerve, which runs through
the volar part of the thumb, is divided into three
types. Type I consists of two proper digital
nerves. One nerve runs on the radial side of the
thumb, and the other runs into the first web space
that is divided by the ulnar side of the thumb and
the radial side of the index finger. Type II also
consists of two proper digital nerves. One nerve
runs on the radial and ulnar sides of the thumb,
and the other runs into the first web space that is

Fig. 13.1 Superficial radial nerve in the forearm. The
superficial radial nerve runs under the brachialis (%) and
passes between brachialis and ECRL. Under the brachia-
lis, the nerve runs near the radial artery (A). After passing
into the subcutaneous layer, the nerve runs parallel with
the cephalic vein (*)

divided by both sides of the index finger. Type II1
branches into three proper digital nerves and
travels to the radial side, the ulnar side of the
thumb, and the radial side of the index finger
(Fig. 13.2). The most common type is Type
L. Although there is some debate, Type II is con-
sidered the second most common [5].

The nerves enter the IP joint of the thumb
from both sides, on the dorsal and volar sides.
The volar side nerve branches from the proper
digital nerve at 20 mm proximal to the IP joint
line, and the emergence angle is an average of
40°. The dorsal side nerve branches from the
superficial radial nerve. The radial side nerve
branches at an average of 20 mm proximal and
the ulnar side branches at about 13 mm proximal.
The emergence angle is also an average of 40° for
these nerves [6] (Fig. 13.3). The sensory nerve
distribution in the hand may differ between
regions due to multiple displacements or commu-
nication branches [7].

Sensory Receptor

The most prominent sensory receptors are the
Meissner’s corpuscles, which are easily seen
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Fig. 13.2 Patterns of the proper digital nerve in relation  is also two proper digital nerves that are divided to both
to the thumb. (a) Type T is two proper digital nerves sides of the thumb and index finger. (¢) Type III is three
divided by the radial side of the thumb and first web space  proper digital nerves for each side of the thumb and index
between the index and ulnar side of the thumb. (b) Type Il finger (from Jolley et al. [5])

Distal
Distal
REGIE] Ulnar
Ulnar* REGIE]
Proximal
Proximal

Fig. 13.3 Nerve innervation to the interphalangeal (IP) joint of the thumb. (a) Volar side of the proper digital nerve
from the median nerve. (b) Dorsal side of the superficial radial nerve (from Zaidenberg et al. [6])
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Fig. 13.4 Meissner’s corpuscles in the hand. The most
common sensory receptor in the hand can be easily seen in
the subcutaneous layer of the palm and finger (arrow)

during a hand operation. It is evident when
observed by the naked eye and looks like rice
under a microscope (Fig. 13.4). Sensory nerves
are divided into three patterns: free sensory end-
ings, sensory endings with expanded tips, and
encapsulated sensory endings. Free sensory end-
ings are unencapsulated and are responsible for
sensing pain and temperature. Sensory endings
with expanded tips are Merkel cells, which char-
acterize glabrous skin. Ruffini complexes are
sensors in hairy skin. Meissner’s corpuscles and
Pacinian corpuscles are considered encapsulated
sensory endings. In particular, Meissner’s cor-
puscles are responsible for tactile gnosis and dis-
crimination [1].

Meissner’s corpuscle and Pacinian corpuscles
are composed of fast adapting myelinated nerve
fibers. They provide touch, vibration, and tactile
gnosis. If sensory receptors are considered part of
the treatment of soft tissue defects of the thumb,
we recommend a similar region of glabrous skin
and receptors, such as a toe pulp or palm flap.

Sensory Representation
of the Human Thumb in Cortex

Since Penfield and Boldrey described somatic
motor and sensory representations in the cere-
bral cortex in 1937, it has become widely
known that the hands, tongue, and lips are
associated with a wide area in the human brain
cortex [8]. Continued studies have shown that
the cortex area that is associated with the

thumb is wider and is sensitive for both sen-
sory and motor areas [9-11].

Sutherling et al. found that thumb is associ-
ated with a larger cortex area than the other fin-
gers. There is non-overlapping somatotopy of all
digits [9]. Roux et al. found that more areas were
associated with the thumb than for the other four
fingers in the hemisphere. Notably, they reported
that the mean hand and tongue positive intensity
thresholds were lower than for other parts of the
body, indicating that the hand and tongue are
more sensitive than other body parts [10].
Martuzzi et al. found that thumb magnification in
the cortex is not due to a larger skin region of the
thumb but more likely reflects a higher number of
neurons and/or a larger associated cortex volume.
This perspective is important when considering
the human thumb’s role in tactile perception.
They also found that thumb magnification has not
been observed in nonhuman primates [11].

Thus, the thumb and the hand are very signifi-
cant in the context of the brain cortex. In modern
society, traditional hand function remains impor-
tant, but small motor function and hand sensitiv-
ity have become more meaningful as computer
use increases. In recent years, the relationship
between the hand and the brain cortex has been
an important aspect of hand transplantation and
the required neural remapping.

Sensory Physical Examination

In general, sensory test evaluations should be dis-
tinguished according to the purpose of the sen-
sory test, such as identifying any abnormality of
the central nervous system (CNS) and evaluation
of peripheral sensory nerve function after injury
or recovery. The hand surgeon should be focused
more on evaluating sensory loss and recovery
using the range of sensory loss and the degree of
sensation.

The sensory test for the hand includes the static
and moving two-point discrimination (2PD)
examination, the Semmes-Weinstein test, and tac-
tile gnosis. Electromyography (EMG) and nerve
conduction velocity (NCV) are usually performed
to evaluate the motor nerve function. The sensory
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NCV (sNCV) is used to evaluate the large diame-
ter myelinated sensory nerve. Because small nerve
fibers are not detectable by sNCV, this kind of test
is not performed to evaluate hand peripheral
nerves. Therefore, a thorough physical examina-
tion of the senses should be performed to confirm
sensory loss and determine the cause of abnormal
sensations. In addition to physical examination, a
thorough medical history taking should aid in
diagnosis and the choice of treatment plan options.

Sensory tests depend on patient cooperation
and reliable reporting between the examiner and
the patient. If normal communication is not pos-
sible, such as in cases of severe trauma, underly-
ing CNS issues, or irritability, a complete sensory
test cannot be performed. In addition, extra care
should be taken in the sensory evaluation of chil-
dren because their expression and understanding
of various senses are immature.

Sensory transmission tracts are the spinotha-
lamic tract and the dorsal column tract. Pain and
temperature sensations are transmitted via the
spinothalamic tract. Vibration, proprioception,
and touch localization are transmitted via the
dorsal column tract. Alcohol cotton is used
regardless of the presence of pain, to test the
anesthetic level in a brachial plexus block (BPB)
or regional block. This test is based on the trans-
mission of pain and temperature along the same
nerve route. Pins and toothpicks are used for pain
tests, and a tuning fork is used for vibration tests.
However, these tests are not often used to assess
the peripheral senses because they are gross test-
ing methods that evaluate the subtle sensory
states of each hand and the resin itself.

Two-Point Discrimination (2PD)

This is the routine and basic method for sensory
evaluation of hands. For this test, the patient
closes his eyes, and the examiner touches two dif-
ferent points. The minimum distance at which the
patient feels two points of contact is called the
2PD. Typically, this test uses a standardized
device; however, if you do not have such a tool, to
improve test accuracy, it is helpful to take
repeated measurements.

The 2PD value is determined by the size of the
receptive field. As the number of sensory recep-
tors per unit area increases and the area of the
same nerve decreases, the accuracy of the repre-
sentation improves [12].

Sometimes, there is a poor correlation
between the 2PD value and nerve recovery. The
moving 2PD test compensates for this limitation
because it is performed while moving the two-
point measurement, in order to identify the fast
adapting sensory system [13]. Moving 2PD cor-
relates well with nerve recovery and has high
interobserver reliability [14, 15]. Conventional
2PD is also called static 2PD to distinguish it
from moving 2PD.

Semmes-Weinstein Test

The Semmes-Weinstein test is usually used to
compare sensory loss and sensory recovery. This
test is for tactile and pressure sensations and is
performed using a kit of monofilaments with
varying thickness to fit the target force. The
monofilament is pressed perpendicularly against
the skin until it bends on the finger and palm. The
examiner starts with a small filament.

Tactile Gnosis

Tactile gnosis tests for the ability to recognize or
identify different stimuli by touch. It can be per-
formed using various objects of different sizes.
Typically, various shapes of nuts, buttons, and
other objects from daily life are used. For all
objects, the patient must adjust his or her tactile
senses without the use of sight.

Symptoms and Cause

Although numbness and a tingling sensation are
the typical symptoms for a sensory loss patient,
the expression of this condition by the patient
may be different. Patients express feelings such
as “it does not feel like my own skin” or “it feels
like bugs crawling.” Some patients feel numb, an
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itch not resolved by scratching, or the sensation
of wearing a rubber glove. Some patients do not
complain much about numbness but require fre-
quent massage.

Most causes of sensory loss in the thumb are
the result of trauma. Trauma is characterized by
direct nerve injury and soft tissue damage of the
thumb. It is analogous to the concept of a landline
phone and electrical wiring, where the electrical
wiring is the nerve and the telephone is the sen-
sory skin and soft tissue. In this context, treat-
ment can be viewed as repairing the wiring and
telephone or as using other home telephone wir-
ings. As with all traumas, the mechanism of the
trauma, any accompanying trauma, the patient’s
past history, vital signs, and general condition
must be considered. The sensory loss of the
thumb can be relevant to other diseases such as
CNS disease, c-spine symptoms, or carpal tunnel
syndrome, and any association must be
confirmed.

Nerve injuries can be divided to high median
nerve injuries, lower median nerve injuries, high
radial nerve injuries, and lower radial nerve inju-
ries. Damage to the area of the thumb itself can
be distinguished into damage to the proper digital
nerve itself and damage to the soft tissue unit.
Nail is also important for the finger’s sensory
abilities. Nails enhance pulp sensitivity, increase
pulp stability, and are necessary for fine prehen-
sion [16].

In severe paralysis such as poliomyelitis, the
movement of the hands is poor, but the sensation
is normal. Multiple difficult motions are required
to perform a task, but there is no skin damage or
infection of the thumb due to sensory loss. Digital
nerve laceration has no direct effect on motor
function. However, the patient’s thumb behavior
is clumsy, or use of their thumb requires the
patient to look at the hand.

In lower median nerve injury, there is palsy
and sensory loss in thenar muscles at fingers 1, 2,
and 3 and the radial side of finger 4. Sensory
recovery tends to be poor if the motor recovery is
poor. High median nerve damage affects the
motor function of the forearm and hands. In this
case, it is more important to recover motor func-

tion than recover sensation in the hand. Cutaneous
sensation should be restored before performing a
tendon transfer to treat median nerve palsy, if
possible.

Treatment

If nerve damage is caused by direct laceration,
the best choice of treatment is direct repair
with meticulous and atraumatic methods with-
out a gap or tension. If there is a nerve defect,
a nerve graft or nerve conduit can be used. In
the case of severe damage to the thumb itself or
thumb amputation, the toe-to-thumb can be
considered for whole tissue reconstruction,
including nerve reconstruction. This is a good
method to recover the thumb’s function and
aesthetic appearance [17, 18].

The degree of sensory loss due to a soft tissue
defect of the thumb depends on the size and depth
of the defect. A small range of damage can be
solved by a skin graft, which can restore some of
the sensation. However, if there is a large defect,
a sensory flap is used. Many surgeons perform
sensory flaps, and these have various names
according to their preferred methods. But if we
classified these flaps, they are divided into pedi-
cled flaps and free flaps that include sensory
nerves. In much of the literature, the pedicled
flaps include two overlying methods. First, there
is a cutaneous flap of the ulnar side of the third
finger that uses the proper digital artery. This
method includes sensory nerves based on the
Littler flap. Second, there is a cutaneous flap of
the dorsal side of the second finger that uses the
interosseous artery. This method includes sen-
sory nerves based on the kite flap. In the pedicled
flap, the most important issue is the failure of
sensory switching, in which the sensation of the
flap is not accepted as a thumb. This phenomenon
is characterized by double sensitivity, erroneous
localization, or allachesthesia. To overcome
allachesthesia, the nerve of island flap is cut and
connected to the recipient nerve [19-22]. A free
flap for sensory loss reconstruction is performed
using a toe pulp free flap and a palmar free flap
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[23, 24]. The sensory nerve of the toe pulp is a
proper plantar digital nerve, and the sensory
nerve of a palmar cutaneous flap is mainly the
palmar cutaneous branch of the median nerve.

Pedicled flaps and free flaps all have advan-
tages and disadvantages, none of which are abso-
lute. The pedicled flap requires a wider dissection
within the hand itself because the pedicle must be
shifted to the thumb. However, there is an advan-
tage in that anastomosis is not necessary. The free
flap is useful because it uses the glabrous skin of
the foot without any hand morbidity. It takes skin
that is similar to the thumb, including the sensory
qualities. However, due to differences in the pref-
erence of the surgeon and the burden of the anas-
tomotic vessels, it cannot be said that any one of
these is the best choice. It is possible that what I
do well is not always good for others, and there
may be techniques unfamiliar to me that are use-
ful. Therefore, it is important to choose the most
reasonable method according to patient’s condi-
tion and the surgeon’s preference.

Nerve Repair

When sensory loss is solely caused by nerve
trauma, it is best to suture the nerve. It is not dif-
ficult to nerve suture when there has been a sharp
cut. But it may be necessary to remove some
damaged nerve if the trauma is caused by com-
pression or multiple instances of nerve damage.
If a gap or tension on nerves occurs during the
neurorrhaphy, a nerve graft is performed. If the
nerve is not thick and the gap is relatively short, a
nerve conduit may be used. However, nerve
grafts are generally performed in large nerves.
After a sharp laceration injury, performing a
nerve suture on the upper extremity of a periph-
eral nerve injury had better repair outcomes for
the median and radial nerves than for the ulnar
nerve. Secondary suture and graft repair out-
comes were better for the median nerve than for
the radial nerve and ulnar nerve [25]. The nerve
restoration for a high median nerve injury is less
than for a lower median nerve injury. If sensation
is not restored after nerve repair, there are few

options for surgical sensory restoration [4].
Restoring sensation of the thumb after radial
nerve damage may not be necessary because sen-
sory deficits from this injury are limited and sen-
sation from the dorsal surface of the hand is less
functionally important [26, 27].

Pedicled Flap

Third Finger Ulnar Side Cutaneous

Island Flap Using Proper Digital Artery
This is a modification of the Littler flap that adds
the sensory nerve [28]. It is mainly used for the
ulnar side dorsolateral cutaneous tissue of finger
3 at the level of the middle phalanx. Sometimes
the radial side of finger 4 is used. Usually the
proper digital nerve is used as the sensory nerve.
The vascular pedicle is dissected to the common
palmar digital artery. Sometimes the vascular
pedicle is extended to the superficial palmar arch.
The ulnar side digital artery of finger 2 is ligated
and cut for the rotation arc to the thumb [20]. For
venous drainage, the vascular pedicle is elevated
to include at least a 5 mm width of subcutaneous
tissue.

Littler flaps are a useful method that can be
used to reconstruct thumbs in institutions where
microsurgery is burdensome or in the absence of
microscopy equipment. However, this method
involves donor site morbidities, including sen-
sory loss, cold intolerance, and painful neuroma
in some cases. There can also still be poorer sen-
sory switching from the recipient site, residual
paresthesia, and deterioration of the 2PD value
over time [21]. To overcome allachesthesia and
poor sensory switching, the simplest method is to
cut the donor nerve and repair it to the recipient
nerve [21]. A proper digital nerve or a dorsal
branch of digital nerve is used for the flap [19,
20]. If the partial proper digital nerve is used
rather than whole proper digital nerve, a nerve
graft can be performed to prevent donor sensory
loss morbidity [19]. However, if a partial proper
digital nerve is used, pedicle elevation must be
performed carefully and meticulously to prevent
pedicle damage.
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Second Finger Dorsal Side Cutaneous

Flap Using Dorsal Interosseous Artery

This method is the kite flap that includes the
sensory nerve. The flap is mainly designed for
the dorsum of finger 2 at the level of the proxi-
mal phalanx. If necessary, the donor area may
extend to the middle phalanx. The pedicle is the
first interosseous artery that branches from the
radial artery that is past the snuffbox site. To
allow for stable venous drainage, the pedicle
should include more than 5 mm of subcutaneous
tissue [29]. Sensory nerves usually include the
superficial radial nerve. To further enhance the
sensory ability of the thumb, the dorsal branch
of the second finger might be elevated, includ-
ing the proper digital nerve. After that, the donor
proper digital nerve that is included in the flap
undergoes neurorrhaphy to the proper digital
nerve of the recipient thumb [29] (Fig. 13.5). In
order to prevent allachesthesia, a superficial

Terminal branch of SRN

FDMA

radial nerve that was originally distributed in
the flap is cut and undergoes neurorrhaphy to
the proper digital nerve on the dorsal branch of
the recipient thumb [22].

Free Flap

Toe Pulp Free Flap

Sensory receptors of toe pulp are similar to
those in the glabrous skin of the thumb and fin-
ger. Therefore, toe pulp can be the best choice
for finger pulp reconstruction. Pulps from the
second toe, the medial side of great toe, and the
toe wrap-around flap are good candidates for a
free flap reconstruction. The sensation recovery
from these flaps is quite fast and has good
results [30-33]. In the case of second toe pulp,
primary repair of the donor site is possible even
when about half of the pulp is harvested

Terminal branch of SRN

Fig. 13.5 Modified kite flap, including the dorsal branch of the proper digital nerve. A superficial radial nerve is
included with the first interosseous artery (from Wang et al. [29])
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(Fig. 13.6). It is important to include the subcu-
taneous vein and surrounding subcutaneous tis-
sue for venous drainage. Both the donor site
and toe are reliable, and there are no gait prob-
lems if the flap size is less than half of the toe.
The sensory recovery and aesthetic shape are
also good [33, 34].

Radial Artery Perforator Flap

This is the cutaneous flap that uses the perforator
from the radial artery at wrist level, including the
palmar cutaneous branch from the median nerve.
It is used for defects that are relatively long and
wide in volar areas on the thumb and finger.
Basically, palmar skin has similar characteristics
and concentration of sensory endings as gla-
brous skin [35]. The width of the flap is about
1.5 cm, and the length extends from the wrist
crease to the proximal transverse crease. Primary
repair is possible, and there is no need for carpal
tunnel release during primary repair. A superfi-

cial perforator artery is branched within 1 cm,
proximal to the radial styloid process. To ensure
stable blood flow into the flap, the flap requires
palmar cutaneous lesions over the scaphoid
tubercle [23].

Nerve Graft/Nerve Conduit

Nerve defects above the proper digital nerve are
usually treated by a nerve graft. But for a proper
digital nerve gap, a nerve conduit using a vein is
also a common treatment. The results of these
two procedures at proper digital nerve may be
similar, due to the compensation from the other
nerves. The use of a nerve conduit also prevents
neuroma formation in the digital nerve [36].

A nerve defect concerns an actual amount of
nerve tissue. In contrast, nerve gap is the distance
between the proximal end and the distal end of
“injured nerve.” Therefore, a nerve gap might be

Fig.13.6 Second toe pulp harvest. (a) Second toe pulp for
harvest is designated on the median side of the toe. (b) Half

of the toe pulp is available for primary repair. Although vein

skeletonization can be performed, subcutaneous tissue is
included for venous drainage. (c¢) Base of the toe pulp flap.
Artery (A), vein (arrow), and plantar digital nerve (¥)
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considered more severe than a nerve defect.
Harvest of a donor nerve is performed after the
recipient site has been completely dissected or
determined. The nerves of interest must be mea-
sured in the various postures of the extended state,
and an extra 10-15% of nerve length is recom-
mended for harvest. These considerations are nec-
essary to ensure atraumatic technique. It is
important to maintain moisture of the nerve during
the harvest. The posterior interosseous nerve or the
anterior interosseous nerve is used to replace the
digital nerve. For an extremity nerve, the lateral or
median antebrachial cutaneous nerve is appropri-
ate. For an extremity nerve defect of the relatively
thick brachial plexus, the sural nerve can be used.

Nerve Transfer

Nerve transfer is the process of sacrificing nor-
mal nerve and reinnervating the normal nerve of
the paralyzed area. This technique is mostly
applied in the damage of the proximal nerves
such as sensory loss region nerve repair, brachial
plexus injury, and high median nerve injury
rather than focal lesions. Nerve transfer is per-
formed only if the functional/sensory loss of the
recipient is more uncomfortable and severe than
the loss of the donor site, whether it is motor neu-
rons or sensory nerve. The most critical part of
the sensory loss of the hand is the ulnar side of
the thumb and the radial side of the second finger.
This is because these areas are mainly contacted
in opposition and pinching. Therefore, the nerve
transfer for restoration of sensory loss in the hand
is aimed at the sensory recovery of ulnar side of
the thumb and radial side of the second finger. To
predict the morbidity of donor site sensory loss,
preoperative anesthetic blocks are recommended
to certify that sensory deficits will not be exacer-
bated by nerve transfer surgery.

For the nerve transfer of the thumb and index
finger, the radial nerve, ulnar nerve, and median
nerve proximal to the forearm must be normal.
In addition, the recipient nerve, such as the
proper digital nerve of the thumb and the second
finger to connect the transferred nerve, should
be normal. For an effective nerve transfer, blood

flow should be included in the transferred nerve
as much as possible. Nerve transfer area should
be soft, has abundant blood flow, and no scar
[37]. To minimize tension, the donor and recipi-
ent nerve should be as long as possible [26].

In the nerve transfer, even if the nerve is sen-
sated, it is remembered as the donor site sensory
in the brain. Therefore, reeducation and rehabili-
tation are necessary. Through this process, the
brain adapts to the sensory of the new domain.
Usually, the sensation recovers within 3—6 months
after the surgery. This process is quicker if the
patient is younger and more intelligent. The better
the patient is able to concentrate with motivation,
the better the sensory rehabilitation. The first step
is the localization of a stimulus. The second step
is to recognize the stimulating object. This pro-
cess is done with opened eyes at first and then
later with closed eyes, repeatedly.

Superficial Radial Nerve to First

and Second Proper Digital Nerve

of Median Nerve

This is mainly used for median nerve injury prox-
imal to the forearm. The superficial radial nerve
on first and second finger dorsum is neurotized
(reinnervation) to the proper volar digital nerve.
The proper digital nerve is performed on the
ulnar side of the thumb and the radial side of the
second finger (Fig. 13.7) [38]. The incision is
made in the first web space, and a V-shaped inci-
sion is performed dorsally or palmar based. The
entire first web space may be dissected. If the soft
tissue of the first web space is not in good condi-
tion from scarring or trauma, it may be performed
at the wrist level (Fig. 13.8) [37].

Dorsal Ulnar Nerve to First and Second
Proper Digital Nerve of Median Nerve
Superficial radial nerve is using the dorsal branch
of the ulnar nerve. Since the transferred pivot
point is far to the target site and the path of the
nerve is long, it is technically difficult. It is passed
through the subpalmar layer of the mid-palmar
crease site. The location of the recipient nerve is
similar to that of the superficial radial nerve
(Fig. 13.9) [37].
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Fig. 13.7 The concept of nerve transfer from superficial radial nerve to proper digital nerve (from Bertelli and Ghizoni

(38D

SENSORY BRANCHES
OF THE RADIAL NERVE

Fig. 13.8 Superficial radial nerve to first and second proper digital nerve of median nerve at first web space level (a)

and wrist level (b) (from Brunelli [37])

Fourth Web Space Proper Digital Nerve

to the First and Second Proper Digital
Nerve of the Median Nerve

Fourth web space proper digital nerve uses the
nerves of the ulnar side of the fourth finger and
the radial side of the fifth finger. The volar ulnar
nerve is connected to the median nerve running
to the thumb and index finger (Fig. 13.10) [37].

Sensory Recovery, Education,
and Rehabilitation

Sensory Recovery and Education

The order of sensory recovery restoration is
pain, temperature, and then touch [1]. Sensory
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DORSAL BRANCHES OF
THE ULNAR NERVE

Fig. 13.9 Dorsal ulnar nerve to first and second proper
digital nerve of median nerve (from Brunelli [37])

recovery is slow and requires several years and is
influenced by the newly re-established fiber-
receptor system, cortical reeducation, and atten-
tiveness to daily use of the injured hand [39].
The factors that affect sensory recovery include
the level of nerve damage, mechanism of dam-
age, age, time between injury and repair, and
sensory reeducation [40].

Patient education is also important for sensory
recovery. At the beginning of nerve recovery,
patients feel uncomfortable sensations such as
tingling, but this is a good sign that the nerves are
being regenerated. Therefore, it is good to explain
the meaning of these symptoms to patients. The
patients are also recommended to avoid cold or
wind. Emotional stress and peripheral stimuli
should be carefully controlled. Gloves can be
helpful in cold weather. Because stimulation does
not produce a response, injuries occur easily.
Inadvertent stimulation may lead to wounds, sec-
ondary infection, and soft tissue defects in severe
cases. The home program uses moisture cream
and massage. It is also advisable to pick up beans

Fig. 13.10 The fourth web space proper digital nerve to
first and second proper digital nerve of median nerve
(from Brunelli [37])

in a quiet environment to provide sensory stimuli
and to try daily activities. However, it is recom-
mended to stop and rest when fatigue occurs.

Sensory Rehabilitation

Sensory reeducation and occupational therapy are
important for maintaining sensation and function
[1]. Sensory reeducation is composed of two
phases [39]. The early phase begins with reinner-
vation and the perception of feeling in the finger-
tip. Initially, it is performed using familiar objects,
such as a pencil eraser, with the eyes open and
then closed. The patient expresses whether she/he
feels movement on the finger [41]. The late phase
is performed when feelings of static, moving 2PD
begins on the fingertips. Late-phase sensory reed-
ucation includes the Moberg pickup test, locogno-
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sia exercises, and the identification of specific
objects among similar objects, such as coins,
keys, screws, or nuts [39, 42, 43].
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The thumb motion in a human is facilitated
through the coordination of intrinsic thenar and
extrinsic musculatures. Therefore, it is noted that
the thumb dynamically allows for precision pinch-
ing and power gripping movements. The most
important function of the thumb is opposition to
the index finger and to the other fingers [1-3]. The
ability to oppose the thumb is necessary for both
of the characteristic precision pinching and power
gripping movements of the hand. Sterling Bunnell
[4] defined opposition as “diametrically opposite
the fingers with the thumb pulp facing the fingers
and the thumb nail parallel to the volar surfaces of
the fingers.”

The opposition of the thumb is a complex
motion made by coordination of (1) the abduc-
tion of the thumb from the palmar surface of the
index finger, (2) the flexion of the metacarpo-
phalangeal joint of the thumb, (3) the internal
rotation or pronation of the thumb, (4) the radial
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deviation of the proximal phalanx of the thumb
on the metacarpal, and (5) the motion of the
thumb toward the fingers. When the thenar mus-
cles are paralyzed, the balance of the hand is
disrupted as well as loss of power to perform
principal function of the thumb. That is, the
thumb keeps an adducted position by the extrin-
sic musculatures such as extensor pollicis lon-
gus (EPL) and flexor pollicis longus (FPL),
because these muscles are not opposed by the
intrinsic muscles working for opposition and
abduction. The hyperextended metacarpopha-
langeal (MCP) joint increases tension on the
long thumb flexor tendon, that crosses the volar
side of the joint, while the interphalangeal (IP)
joint is flexed because of the FPL, which is
unopposed by the paralyzed intrinsic muscles
such as abductor pollicis brevis (APB) and
adductor pollicis muscles (AP).

The prime muscle of thumb opposition is the
APB, and both of the opponens pollicis (OP) and
FPB also produce some opposition. Thus, any
damage to the median nerve certainly can be the
cause of a loss of thumb opposition. Of course, a
noted injury to one of the three main nerves can
cause a loss of thumb function and/or sensibility
to that region. The ulnar nerve injury decreases
thumb adduction force which is primarily pro-
vided by AP with the first dorsal interosseous
(DI) [2]. In fact, the case of a radial nerve palsy
also creates a disability in the thumb, which is
predominantly loss of thumb extension and the
consequent awkward flexed position.

229

S. H. Woo (ed.), The Thumb, https://doi.org/10.1007/978-981-10-4400-7_14


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-4400-7_14&domain=pdf
mailto:kimjp@dankook.ac.kr
mailto:osarthro@dkuh.co.kr

230

J.-P.Kim and J.-S. Yoo

The tendon transfers to restore thumb motor
function have the potential to greatly improve hand
function, and the patient’s well-being and ability to
pursue a “normal’ life. The principles of the tendon
transfer surgery must be adhered to in all areas,
regardless of whether the transfers are to restore
median, ulnar, or radial nerve motor function.

Principles of Restoration of Thumb
Motor Function

The restoration of thumb function is divided into
two separate stages: the opposition and the grasp.
The restoration of opposition does not require a
strong tendon transfer. Therefore, any tendons
capable of moving the thumb can be used as an
effective donor for opponensplasty, whereas a
restoration of the power grasp which is mainly
contributed by the key pinch usually requires a
strong tendon transfer. However, if both func-
tions are compromised and reconstructive surger-
ies are necessary, it should be noted that the
restoring opposition is the first priority [5].

The thumb opposition depends primarily on
function of its intrinsic muscles. Among them, the
APB is the most important for opposition, because
it rotates internally and abducts the thumb away
from the index and also is known to be able to
assist the EPL in extending the thumb. From these
reason, most of investigators from Littler [6] to
current clinicians [3, 7] emphasized restoration of
APB function for restoration of thumb opposition
using the procedure of a tendon transfer.

Planning Tendon Transfer

The power grasp is not rarely significantly com-
promised in a low median nerve injury, where the
lesion is distal to the origin of the anterior inter-
osseous nerve, because the AP and the FPB
which are innervated by the ulnar nerve are not
impaired in that lesion [2]. Therefore, the restora-
tion of opposition is enough for improving hand
function in isolated low median nerve injury.

It is important to evaluate the functional defi-
cit in the hand when there is significant functional

impairment and a restoration of thumb function
is required. For example, if the paralysis is sec-
ondary to a median nerve injury, the sensory defi-
cit is far more disabling than the motor deficit in
some patients. This is especially true in those
patients who have isolated median nerve injury
because they still can abduct their thumb though
the action of the deep head of the FPB which has
a dual inneration from both median and ulnar
nerves [8].

Evaluation of Donor Muscles

Several critical issues must be considered before
the selection of the transfer donor can be made
for the procedure [2]. First, the donor muscle
must have adequate strength to perform its
intended function in the patient. The strength of
amuscle is graded from O to 5 on the MRC scale
(Table 14.1) [9]. It is important to remember and
consider that the muscle usually loses strength
by one grade; therefore, the strength of the
donor muscle must be at least 4 or 5 for a satis-
factory tendon transfer [10]. Second, the donors
must be expendable, and its absence must not
result in considerable functional impairment
after transfer, which means that the remaining
muscles must have sufficient strength to account
for the loss of the function that has been pro-
vided by the donor. Third, the synergy and the
amplitude of excursion of its tendon also should
be considered, because rehabilitation of a mus-
cle whose tendon has been transferred is less
difficult when the transfer is synergistic [10].
Finally, the amplitude of the excursion of the
tendon should be sufficient for satisfactory
function, although it may not be as great as that

Table 14.1 Medical Research Council scale of muscle
strength [9]

Muscle function level Grade
No contraction 0
Palpable contraction only 1
Moves joint but not against gravity 2
Moves joint against gravity 3
Moves joint against gravity and resistance 4
Normal strength 5
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of the tendon or tendons that is replaced. Among
these, the most important points to remember in
considering a donor muscle for transfer are its
strength and expendability [11].

Timing of Tendon Transfer

If the recipient site is injured, the tendon transfer
should not be done until scar tissue on the recipi-
ent’s site has been satisfactorily replaced by the
healthy ones, because a transferred tendon must
be surrounded by fat to prevent them from adher-
ing to a raw bone or a subcutaneous scar. It is
impossible for the thumb to have a greater range
of active motion in a stiff joint; therefore, the max-
imum passive motion of all joints in the thumb
must be preserved before a tendon transfer can
be performed. In addition, any noted malalign-
ment of bones must be corrected by osteotomy,
or any necessary bone grafting must be accom-
plished before the proposed transfer. The other
procedures to restore any loss of sensibility also
must be proceeded to the tendon transfer.

The tendon transfer is the final step in reha-
bilitation of the hand, and therefore, transfers for
thumb motion must be sufficiently delayed until
it is recovered after neurorrhaphy of the periph-
eral nerve injuries. When intrinsic paralysis
occurs after a median nerve laceration, a neuror-
rhaphy is the preferable procedure to utilize the
tendon transfer, if the injury is within a 6-month
time frame. For a more chronic injury of more
than a 6-month time frame, the tendon transfer
would be the appropriate option, because the
motor end plates proceed to degeneration and
their corresponding muscles undergo fibrosis.

Restoration of Thumb Opposition
Correction of Thumb Deformity

The failure to detect an established adduction
contracture of the first web space is a common
cause of failure in restoration of an opposition.
Therefore, deformities or disabilities of the digit
must be corrected before or during an opponens-

plasty procedure to restore the function of the
thumb properly.

In a case of median nerve paralysis, the only
functioning thumb motors are the EPL, EPB, and
APL, which result in fixed adduction and external
rotational deformity of the thumb [12]. This defor-
mity often can be corrected with physiotherapy and
splintage, but if these treatments are unsuccessful,
the thumb requires a dorsal web space incision [13,
14]. Through this incision, the fascia over the AP
and the first DI muscles can be released and divided
by a subperiosteal stripping of the ulnar side of the
first metacarpal. The dorsal web space skin can
also be widened with a Z-plasty, skin graft, or flap
[15-18]. In severe contractures, both of the rota-
tional osteotomy at the base of the thumb metacar-
pal and the trapeziectomy can be required [19, 20].
For further severe deformity which cannot be cor-
rected by osteotomy, the arthrodesis of the first
MCP joint with a 15° of flexion, and slight internal
rotation may be indicated. A tendon transfer for
opposition still may be useful after such an arthrod-
esis because the more proximal joints may allow
some motion. At the same time, the carpometacar-
pal joint of the thumb must be freely movable,
unrestricted by contracture of the joint capsule or
other structures of the thumb web.

Donor for Transfer

The flexor digitorum sublimis (FDS) is likely the
most well described and widely used as a donor
to achieve the thumb opposition, with numerous
variations in techniques of donor harvest, pulley
construction, and tendon insertion (Table 14.2).
Among the FDSs, the tendon of the ring finger is
primarily selected in most cases, and the second
choice is the FDS to the middle finger. The most
important point for the selection of the FDS as a
donor, however, is that the FDS must be strong
enough to restore opposition of the thumb as a
transfer and the flexor digitorum profundus
(FDP) in the same digit must be strong enough
alone to flex the finger satisfactorily. Therefore,
this technique is not indicated in high median
nerve lesion or combined median and ulnar nerve
lesions.
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Table 14.2 Satisfaction rate of opponensplasty

Transferred Satisfaction
tendon rate Reported studies
EIP 88% Anderson et al. [44]
88% Burkhalter et al. [45]
FDS 75% Kraker et al. [46]
78% Jacobs and
Thompson [47]
81% Jensen [48]
Palmaris 93% Terrono et al. [21]
longus
91% Foucher et al. [49]
85% Park et al. [50]
ADM 80% Wissinger and
Singsen [51]

The extensor indicis proprius (EIP) is also an
acceptable donor, which is popularly used in
high median nerve palsy and other circumstance
when the FDS tendons of the ring and middle
finger are not available. There is no risk of loss
of grip strength, and it does not require the sur-
gical creation of a pulley, as the surgical step
that EIP transfer goes around the ulna typically
results in a creation of an ideal vector to achieve
opposition [7].

The palmaris longus (PL) can be used as a
simple transfer of opposition, which is known as
Camitz opponensplasty. The PL can be trans-
ferred with minimal donor site morbidity in addi-
tion to no functional deficit. Furthermore, the PL
works synergistically with the APB. The PL
transfer is usually performed for restoration of
thumb function from the loss of opposition and
abduction due to severe thenar atrophy in carpal
tunnel syndrome, but the technique is not recom-
mended in the cases with a traumatic median
nerve injury [21].

The abductor digiti minimi (ADM), which is a
predictably available donor, can be used to restore
opposition when other extrinsic donors are not
available. The ADM has a similar dimension as
the APB, which also can help with cosmesis by
restoring some of the bulk of the thenar eminence
in severe atrophy or congenital absence of the
thenar muscle.

The wrist extensors such as extensor carpi
ulnaris (ECU) and extensor carpi radialis longus
(ECRL) with a free tendon interposition graft are

also used as the next choices, but it should be
considered only if the other wrist extensors are
strong and have not been or will not be trans-
ferred elsewhere. The EDM is rarely selected
because its strength is not enough to restore
thumb opposition, and it requires tendon grafting
to reach the point of attachment on the thumb.

Surgical Techniques

Extensor indicis proprius (EIP) transfer
(Fig. 14.1). It should be kept in mind that ana-
tomic variance of the EIP includes its congenital
absence at this level in 0—4%, radial location rela-
tive to extensor digitorum communis (EDC) in
10%, and multiple slips in 3—14% of humans or
cadaveric specimens [7, 22, 23]. A dorsal trans-
verse incision is made proximal to the MCP joint
of the index finger, and the EIP is identified just
ulnar and deep to the extensor digitorum com-
munis to the index finger. The EIP is transected
just proximal to the sagittal bands, and the rem-

UL

Fig. 14.1 Extensor indicis proprius is delivered into a
dorsoulnar wrist incision and passed through a subcutane-
ous tunnel around the wrist to an incision over the thumb
metacarpophalangeal joint, and then it is sutured to the
abductor pollicis brevis tendon
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nant distal stump is sutured to the intact EDC to
assist an even distribution of extensor strength
across the MCP joint. Another incision is made
proximal to the extensor retinaculum of the 4th
compartment, where the musculotendinous junc-
tion of the EIP is identified. After the fascial
attachments around the EIP are divided, the EIP
is pulled proximally and withdrawn from this
incision. Next, an oblique incision is made just
proximal to the pisiform and distal forearm
around the ulnar neck. And then the EIP is trans-
ferred to this incision through a subcutaneous
tunnel. At this point, special care should be taken
to avoid an iatrogenic injury to the dorsal cutane-
ous branch of the ulnar nerve. Next, a small inci-
sion is made on the dorsoradial aspect of the
thumb MCP joint to expose the APB insertion.
And the EIP is then subcutaneously passed over
the ulna and the transverse carpal tunnel ligament
and reached to the thumb MCP while ensuring
that the tendon goes superficially to the FCU ten-
don. At this point, the ulna acts as a functional
pulley for this tendon transfer. The transfer ten-
don is subsequently sutured into the APB inser-
tion, with an appropriate tensioning that results in
the thumb in maximal opposition with the wrist
in 30° flexion [2].

Postoperatively, a thumb spica splint is applied
for 4 weeks with the thumb and wrist held in a
neutral position. The active assisted range of
motion exercises starts at 4 weeks after surgery,
and the resistive pinch and grip exercises start at
8—10 weeks. All activities except those that are
requiring high demand can be allowed at
3—4 months.

Flexor digitorum superficialis (FDS) trans-
fer (Fig. 14.2). The FDS is harvested through a
3—4 cm longitudinal incision on the radial border
of the hypothenar muscle, which is overlying the
Al pulley of the ring or middle finger. Once the
FDS is isolated, the proximal traction on the FDS
typically with full flexion of the finger allows for
the subsequent visualization of the bifurcation of
FDS near to the Campers chasm, and the FDS is
transected at this level. At this point, I do not rec-
ommend transecting near its insertion into the
middle phalanx, because this technique has
potential drawbacks, including the risk of devas-

FDS

Fig. 14.2 The window in the palmar fascia overlying the
neck of the third metacarpal is used as a pulley, and
the flexor digitorum superficialis transfer is attached to the
abductor tubercle of the thumb

cularization of the vincular system in the FDS
and the distinct possibility of the development of
a swan neck deformity [24].

Once the donor FDS has been harvested dis-
tally, there are two options with regard to pulley
formation: Royle-Thompson opponensplasty
[25] and Bunnell’s opponensplasty [4]. The
Royle-Thompson procedure includes rerouting
the FDS around the ulnar border of the palmar
aponeurosis and transferring the FDS subcutane-
ously to the thumb. But this is not a favorite pro-
cedure to utilize, because the pulley is not fixed
and migrated proximally [2]. Above all, a more
crucial problem is that the vector of pull cre-
ated with this technique is more suited to restore
thumb flexion and abduction rather than the
true opposition. The Bunnell’s opponensplasty
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originally included looping a free tendon graft
around the FCU tendon as a pulley, which was
thus designed for the restoration of full thumb
opposition with running the transfer in line with
the APB fiber. However, the problem of this
original technique is that raw surface of the pul-
ley encourages adhesion formation and radial
migration of this pulley. To prevent this critical
problem in performing the procedure, a modified
technique of attaching the distally based slip of
FCU tendon to the ECU tendon is preferred for
pulley reconstruction [2]. However, a great care
should be taken during creating this pulley, as the
ulnar neurovascular bundle lies in very close to
the FCU.

The next steps is subcutaneous passage of a
transferred FDS tendon to the thumb MCP joint,
requiring a fairly aggressive blunt spreading,
which is because the deep skin layer of the proxi-
mal palm is intimate with the palmar fascia.
Finally, the tensioning of the transfer must be set
as a passive wrist extension, which results in full
thumb opposition.

The patient should be informed that a poten-
tial loss of grip strength, particularly with use of
the ring finger FDS, could result from the pursu-
ing of the procedure.

Palmaris longus (PL) transfer (Camitz
opponensplasty) (Fig. 14.3). Before proceeding
with this surgery, it should be confirmed whether
the patients have a PL or not, because 15-20% of
humans do not have the tendon [26, 27]. A skin
incision is made starting with 2 cm proximal to
the distal wrist crease with a zigzag fashion, run-
ning in line with the ring finger, and extending
distally to the distal palmar crease. Since the PL
is continuous distally with the pretendinous
bands of the palmar aponeurosis, the PL can be
free up enough length to reach the thumb, with a
1.0-1.5-cm-wide strip in continuity with the ten-
don. After an incision over the dorsoradial aspect
of the thumb MCP joint is made, a subcutaneous
tunnel is then created from an incision at the dis-
tal forearm incision to this incision. At this point,
the palmar cutaneous branch of the median nerve,
which runs radial to the PL and in the radial floor
of the flexor carpi radialis sheath, must be pre-
served during the procedure. The transferred PL

Fig.14.3 The palmaris longus is detached with a strip of
palmar aponeurosis and attached to the abductor pollicis
brevis insertion

is then sutured to the APB tendon with the thumb
placed in passively full abduction while the wrist
is held in a neutral position.

Several variations of a modified Camitz proce-
dure, which is focusing on the incorporation and
placement of a pulley, have been recently pub-
lished [3, 28, 29]. Kang and colleagues [29]
reported modified Camitz opponensplasty creat-
ing a transverse carpal ligament loop pulley in
advanced carpal tunnel syndrome with good out-
comes. However, there has been some debate
about the necessity of performing a PL oppo-
nensplasty with the case of carpal tunnel syn-
drome, as a gradual recovery of thenar atrophy
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has been commonly noted after carpal tunnel
release [28, 30].

Abductor digiti minimi (ADM) transfer
(Huber opponensplasty) (Fig. 14.4) [31]. A
midlateral incision is made on the ulnar border of
the little finger and extended to a point just proxi-
mal to the pisiform. The insertion of the ADM
into the proximal phalanx and extensor mecha-
nism is meticulously incised, therefore maintain-
ing as much length of the tendinous insertion as
possible, ensuring an adequate length to reach the
insertion site. And ADM is then meticulously
separated from radially adjacent flexor digiti
minimi and freed up from its originations includ-
ing the pisiform, pisohamate ligament, and FCU,
with a great care to preserve the neurovascular
pedicle, which locates dorsoradially and just sev-
eral millimeters distal from the pisiform [32, 33].
After a generous subcutaneous tunnel is created
toward a second incision made over the APB
insertion into the thumb, the ADM is subse-
quently passed through the tunnel. This step
requires a turn through 180° on its longitudinal

Fig. 14.4 Abductor digiti minimi is detached with neuro-
vascular structures while preserving an attachment to the
flexor carpi ulnaris. The abductor digiti minimi is rotated
on its long axis and passed subcutaneously and attached to
the adductor pollicis brevis

axis to reduce tension on neurovascular bundle
supplying the ADM. Next, the thumb is placed in
maximum opposition and the ADM is sutured
appropriately. In some cases with an inadequate
length, the transfer requires an augmentation
with a free tendon interposition graft.

Restoration of Thumb Pinch

Restoration of Thumb Adduction
and Index Abduction

Adduction function of the thumb, which is pri-
marily provided by adductor pollicis (AP), is as
necessary for strong pinch as the abductor polli-
cis brevis (APB) is required for thumb opposi-
tion. Opposition is the refined, unique movement
that places the tip of the thumb within the flexion
arc of the fingers so that they can oppose, whereas
adduction is the force that stabilizes the thumb in
the desired position. If the AP is paralyzed, as
noted in ulnar nerve palsy, a firm pinch between
the pulps of the thumb and the flexed fingers is
impossible (Froment sign). Although the FPL
and EPL supports power of adduction, a loss of
pinch power in ulnar nerve injury is estimated to
75-80% [34]. And their actions in the absence of
the ulnar intrinsic eventually contribute to col-
lapse of the thumb into a “Z-deformity,” charac-
terized by a hyperflexion of the IP joint and a
hyperextension of the MCP joint of the thumb.

The aims of reconstructive surgery in the
thumb with ulnar nerve palsy are the restoration
of the adductor function which contributes to
strong adduction of the thumb, active flexion of
the extended MCP joint, and active extension of
the flexed IP joint in order to regain power and
precision function. Various tendon transfer tech-
niques using the ECRB [35], FDS [36], EIP [37],
or brachioradialis (BR) [36] have been devised to
restore thumb adduction. However, such a trans-
fer provides thumb adduction only.

If both of thumb adduction and opposition are
absent and there is no other provision to restore
adduction, a single tendon transfer to restore
opposition should have its pulley located more
distally to the pisiform, so that some adduction
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also is restored. On this point, the Royle-
Thompson transfer is considered a better fit to
this requirement, because a pulley of this tech-
nique is made by a step that the FDS of the ring
finger is brought out in the palm distal to the deep
transverse carpal ligament. The FDS transfer can
also be used to restore both of abduction of the
index finger and adduction of the thumb, via a
procedure of splitting the FDS tendon and
anchoring one slip to the tendon of the AP and the
other to the insertion of the first dorsal interosse-
ous (DI), as described by Omer [38].

In addition to restoring the adduction moment
of the AP, it is important to determine whether the
patient would benefit from the restoration of
index finger abduction to augment pinch. That is
because the stabilization of the index finger MCP
joint for prevention of its drifting away from the
thumb has a benefit to restore powerful pinch.
Therefore, in the case of ulnar nerve palsy, the
tendon transfer for restoration of thumb adduc-
tion can be combined with some procedures to
restore abduction of the index finger. Several ten-
don transfers for restoration of index finger
abduction have been described in the literature
(Table 14.3) [39-42]. Although this transfer does
not appreciably increase the pinch strength and it
is not commonly performed, it can fairly support
the index finger with stability and versatility [35].
I prefer to use accessory slip of the abductor pol-

Table 14.3 Surgical method and improvement of pinch
strength

Transferred Improvement of pinch | Reported
tendon strength studies
ECRB 50% Smith et al.
[35]
ECRL 73% (14-104%) Fischer et al.
[39]
Palmaris Improvement (without | Hirayama
longus comparison with et al. [40]
contralateral side) Koh et al.
90% (71-107%) [52]
EDM 43% (35-52%) Robinson
etal. [41]
EPB and EPI | 62% (50-70%) Alnot et al.
[42]
ECRL, 40% Solonen and
ECRB, and Bakalin [53]
4th FDS

licis longus (APL) via palmaris longus (PL) ten-
don graft. The EIP also can be used, but the result
is unpredictable [43].

Surgical Procedures of Thumb
Adduction

ECRB transfer (Fig. 14.5). A dorsal transverse
incision is made on the dorsum of the wrist, and
the ECRB is released off the radial aspect of the
third metacarpal base. After making a second inci-
sion proximal to wrist extensor retinaculum, the
ECRB is then delivered out from this incision. A
third incision is made between the dorsal aspects
of the metacarpal base of the middle and ring fin-
gers (third intermetacarpal space), followed by a
creation of intermetacarpal space for passing the
transfer tendon. Next, a longitudinal incision is

N

Extensor carpi
radialis brevis

Fig. 14.5 Extensor carpi radialis brevis is passed
between the third and fourth metacarpals and across the
palm to insert into the abductor tubercle of the first
metacarpal
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made on the ulnar base of the thumb MP joint, and
a curved hemostat is then tunneled from this inci-
sion. After a palmaris longus tendon graft is har-
vested and sutured to the end of the ECRB through
a Pulvertaft weave, this tendon is transferred to the
AP tendon insertion by passing along with the
transverse muscle belly of the AP and deep to the
flexor tendons and neurovascular bundle. On this
point, if the insertion of the transfer is made on the
strong fascia over the abductor tubercle, it may
improve pronation motion of the thumb for power-
ful pinch [36]. The appropriate tension includes
that the thumb should be placed in adducted posi-
tion while the wrist in neutral, and passively full
abduction of the thumb should be possible with the
wrist in extension. A thumb spica splint is applied
for 4 weeks after surgery with the thumb in a neu-
tral position and the wrist in a position of 30—40°
of extension. Gentle active and active assisted
range of motion exercises begin at 4 weeks and
resistive pinch and grip at 8-10 weeks. All activi-
ties except those requiring high demand can be
allowed at 3—4 months after surgery.

FDS transfer. The harvest procedure of the
ring finger FDS is similar to the technique
described earlier in the section of the FDS oppo-
nensplasty. Once the donor FDS has been har-
vested distally, it is then passed around the free
distal edge of the superficial palmar fascia attach-
ing onto the middle finger metacarpal, which
forms a pulley of the transfer. After making an
incision of ulnar side of the thumb MCP joint, the
FDS is transferred subcutaneously toward the AP
tendon insertion, followed by suturing them each
other with the wrist in a 30° of extension and the
thumb in an adducted position against the index
finger.

EIP transfer. The EIP is detached from the
extensor hood and pulled out proximally to the
extensor retinaculum, as described earlier in the
EIP opponensplasty. And then another incision is
made between the middle and ring finger meta-
carpals. Through the space, the transfer is passed
along the transverse muscle belly of the AP, deep
to the flexor tendons and neurovascular bundle,
and it is sutured to the AP at its insertion. Proper
tension is achieved by suturing it with the wrist in
a neutral and the thumb in an adducted position.

Surgical Techniques of Index
Abduction

APL transfer (Fig. 14.6) [43]. The APL is
exposed through an incision over the insertion of
the APL on the thumb metacarpal base. After
one slip of the APL is detached from its inser-
tion, the slip is retracted proximally out of the
first extensor compartment and then passed sub-
cutaneously toward the first dorsal interosseous
(DI) tendon. This transfer may require necessity
of tendon lengthening with a tendon graft. The
transfer tendon is sutured to the DI tendon at its
insertion with an appropriate tension, at which
the index finger is abducted in a neutral position
of the wrist.

EIP transfer. The EIP tendon is detached
from the extensor hood and withdrawn into a
transverse incision made on the wrist. The tendon
is passed under the EDC and around the radial

1st Dorsal
INTEROSSEQUS

Fig. 14.6 An accessory slip of the abductor pollicis lon-
gus is detached and attached into the tendon insertion of
the first dorsal interosseous
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border of the 2nd metacarpal, and then inserted
into the first DI tendon, palmar to the rotation
axis of the MCP joint.
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Spasticity of the Thumb

Spasticity is a motor disorder characterized
by muscle hyperactivity or hypertony. It pro-
duces involuntary contraction of the involved
muscles [1]. More specifically, Lance’s widely
accepted definition states: “Spasticity is a
motor disorder characterized by a velocity-
dependent increase in tonic stretch reflexes
(“muscle tone”) with exaggerated tendon jerks,
resulting from hyperexcitability of the stretch
reflex, as one component of the upper motor
neuron syndrome” [2].

Spasticity usually occurs in patients with cere-
bral palsy, stroke, and brain damage [3]. Cerebral
palsy is a term collectively referred to as a motor
function disorder caused by a brain lesion that
occurs before, during, or after birth, when the
brain is still immature (up to the age of 2 years
old) [4, 5]. There are various reasons for cerebral
palsy: temporary lack of blood supply to the
brain (anoxia), infection of the brain (encephali-
tis), vascular malformation in the brain, and
bleeding inside the brain [6]. It has a nonprogres-
sive nature [7].

In adults, stroke is the major cause of spastic-
ity [3]. Vascular malformations or aging of the
blood vessels (arteriosclerosis) may produce
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bleeding or thrombosis of some arteries within
the brain, resulting in permanent damage to brain
tissue [8, 9].

Deformities in Spastic Thumb

The function of the hands of patients with spastic
thumb is fairly limited [10—12]. The deformities
of the hand are pronation of the forearm, flexion
of the wrist and fingers, thumb-in-palm defor-
mity, and swan neck deformity. Because the most
important function of the hand requires the
thumb, various treatments are performed to cor-
rect thumb-in-palm deformity.

In spastic hand, the thumb is often tight along
the index finger or even flexed into the palm due
to spasticity of two muscle groups: the intrinsic
muscles (adductor pollicis, flexor pollicis brevis,
first dorsal interosseous) which cause the web
space to be closely tight and the extrinsic muscle
(flexor pollicis longus) which causes the tip of
the finger to flex. If this condition persists, it
becomes difficult to extend the thumb, even if the
muscles that extend the thumb are active [13].
Another reason for thumb deformity is an imbal-
ance of forces between muscles [14]. The flexor
and adductor muscles are spastic, and the force is
too strong, and thus the relatively weak extensors
do not overcome this force. In such cases, not
only is the pinch between the thumb and the
index finger impossible, but the thumb also gets
in the way during grasping motions, thus
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preventing the use of the hand. There are several
classification systems of thumb-in-palm defor-
mity [15].

House Classification of Spastic
Thumb

House et al. [15] classified the thumb-in-palm
deformations into four types according to clinical
features (Table 15.1). Type 1 is an isolated meta-
carpal adduction contracture, in which the main
cause is stiffness of the adductor pollicis
(Fig. 15.1a). Type 2 is a metacarpal adduction
contracture with metacarpophalangeal joint flex-
ion. Adductor pollicis and flexor pollicis brevis
contracture can be thought to be the cause
(Fig. 15.1b). Type 3 is accompanied by metacar-
pal adduction contracture and instability or
hyperextension of the metacarpophalangeal joint
(Fig. 15.1c). Type 4 is a metacarpal adduction
contracture plus both metacarpophalangeal and
interphalangeal joints flexion contracture. The
interphalangeal joint flexion deformity is caused
by the contracture of the flexor pollicis longus
(Fig. 15.1d).

When the degree of contracture according to
the movement of the wrist is checked, the mus-
cles contributing to the deformation can be dis-

Table 15.1 House classification of thumb-in-palm
deformity

Involved elements
Spastic adductor
and first dorsal
interosseous
Spastic adductor,
first dorsal
interosseous, flexor
pollicis brevis
Spastic adductor,
first dorsal

Type | Description
1 Simple metacarpal

adduction contracture

11 Metacarpal adduction
contracture with MP
flexion deformity

I Metacarpal adduction
contracture with MP

hyperextension and interosseous,
instability extensor pollicis
brevis

v Metacarpal adduction
contracture, MP and
interphalangeal
deformities

Spastic adductor,
first dorsal
interosseous, flexor
pollicis longus

MP metacarpophalangeal

tinguished. If the intrinsic muscle such as the
adductor pollicis or the flexor pollicis brevis is
the main cause of deformation, the degree of con-
tracture is constant irrespective of the movement
of the wrist. On the other hand, if the extrinsic
muscle such as the flexor pollicis longus mainly
contributes to the deformation, the contracture is
severe when the wrist is neutralized or extended,
but the contracture improves if the wrist is fully
flexed.

For thumb deformity, the House classification
is widely used clinically as it is considered to be
one of the most robust and has excellent clinical
utility and reliability [16].

Patient Assessment

The degree of finger deformation and the balance
of the muscles causing deformation vary patient
by patient. Careful and repetitive physical exami-
nation should therefore be performed before sur-
gical treatment. Patients diagnosed with cerebral
palsy should be able to cooperate with the medi-
cal staff, have some level of intellectual ability,
and should have movement and sense.

Several evaluation tools have been proposed
to evaluate the comprehensive function of
hands. The House scale evaluates the use of the
patient’s hand in everyday life through a com-
pleted questionnaire from the patient and the
caregiver and observation of the patient’s hand
use. The House scale can be used to evaluate
the hand function in nine steps, so that small
functional differences can be included in the
evaluation (Table 15.2).

Patients with cerebral palsy have different
paralytic states for each patient and thus undergo
different surgical treatments. The MACS (Manual
Ability Classification System) is used to compre-
hensively evaluate the function of the hand and
compare it with other patients. MACS is a system
for assessing the degree of use of the hand to
manipulate things in daily life in patients with
cerebral palsy. This system focuses on functions
that can be performed with both hands rather than
evaluating only the function of one hand
(Table 15.3).
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Fig. 15.1 House classification of thumb-in-palm defor-  contracture combined with a MP hyperextension defor-
mity. (a) Type 1: Simple metacarpal adduction contrac-  mity or instability. (d) Type 4: Metacarpal adduction con-
ture. (b) Type 2: Metacarpal adduction contracture and  tracture combined with MP and IP flexion deformity

MP flexion deformity. (¢) Type 3: Metacarpal adduction
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Table 15.2 House classification of hand function

Score| Designation Activity level
0 Does not use Does not use
1 Poor passive Uses as stabilizing weight
assist only
2 Fair passive Can hold onto object placed
assist in the hand
3 Good passive Can hold object and stabilize
assist for use by the other hand
4 Poor active Can actively grasp object and
assist hold it weakly
5 Fair active Can actively grasp object and
assist stabilize it well
6 Good active Can actively grasp object,
assist stabilize it well, and
manipulate it against the
other hand
7 Spontaneous Can perform bimanual
use, partial activities easily; occasionally
uses the hand spontaneously
8 Spontaneous Uses the hand completely
use, complete independently, without
reference to the other hand

Table 15.3 Manual

Ability Classification System

(MACS) of hand function

Level

Description

1

Handles objects easily and successfully

11

Handles most objects but with somewhat
reduced quality and/or speed of achievement

IIT | Handles objects with difficulty; needs help to
prepare and/or modify activities

IV | Handles a limited selection of easily managed
objects in adapted situations

\Y Does not handle objects and has severely

limited ability to perform even simple actions

Nonoperative Treatment

Nonoperative managements can be physical
therapy [17], medical management, and botuli-
num toxin injections [18, 19]. Because of the
characteristic of the plasticity of the brain, chil-
dren inherently accept deficit and adapt to it in
childhood [7, 20]. For example, children with
hemiplegic use their affected arms to adapt to
their normal arms. On the other hand, they also
tend to ignore naturally, even if the affected arm
is likely to have functional movement. They may
end up “forgetting” it unless they are encouraged

to use it. In this respect, exercise and occupa-
tional therapy have a significant impact on prog-
nosis. Therefore, the upper limb must be
managed early with exercise and occupational
therapy, to develop its potential and fully use its
capacity, even though limited. In addition to
exercise, it is also possible to perform medical
management such as muscle relaxant and anti-
convulsant treatment. Botulinum toxin injection
is also one of the effective treatment methods for
spasticity [18].

Surgical Treatment
Principle of Surgical Treatment

The purpose of surgery is to improve function,
not to regain completely normal function [15].
Because of the characteristics of the brain men-
tioned above, it is helpful to have surgery as early
as possible. If the child’s surgery is postponed
until adolescence, the patient learns how to use
the unaffected hand and relies on it. If the patient
is undergoing surgery at a late age, more effort
and time are needed to achieve a functional
improvement than at an early age. This is also
related to the plasticity of the brain [20].
Generally, the best age for performing surgery is
around 6-12 years, since a clear evaluation of the
function of the hands cannot be acquired until
age 6 is reached.

The functional difference of the spastic hand
has a fairly large range [10, 21]. Some patients
use it almost normally, while others do not use it
at all. In many stroke patients, the affected hand
has little movement and sensory loss, and there is
a tendency to neglect this. Some nonfunctional
hands do not benefit from surgery in terms of
functional enhancement.

In cases of spasticity due to head injury, sur-
gery is usually performed at a time when recov-
ery of motor and sensory nerves is no longer
considered to be progressing. However, surgery
may be needed early in some cases because
symptoms may worsen continuously with appro-
priate conservative treatment.
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Surgical Methods Based on House
Classification

Surgical methods based on House classification
have been devised and include various elements
[22]. It weakens the forces that cause deforma-
tion (release spastic intrinsic, adductor, and flexor
muscles), strengthens the weak muscles (aug-
ment extensors and abductor muscles), and keeps
the stability of the joint. In addition, the web
space with contracture should be released.

Weakening of Deforming Muscles

The spasticity of the thumb intrinsic muscle is
observed in most patients with thumb-in-palm
deformities. This is caused by the adductor pollicis
(AP), flexor pollicis brevis (FPB), and first dorsal
interosseous. The FPB is not involved if the meta-
carpophalangeal (MP) joint flexion is not severe.
In this case, surgery can be performed to change
the insertion of the AP proximally or to release it
from the origin [15, 23]. If a voluntary movement
of the AP is not possible, release can be performed
at the insertion by proximal advancement rather
than release at the origin. If a voluntary movement
is possible, release at the origin by muscle slide or
release at the myotendinous junction may be better
for preserving the muscle strength. In type 4 defor-
mity, fractional lengthening is performed for the
spastic flexor pollicis longus (FPL).

Augmentation of Weak Muscles
There are several ways to augment the extension
and abduction of the thumb. Recently, it has been
reported that transferring brachioradialis (BR) to
extensor pollicis brevis (EPB) is more effective
than transferring BR to abductor pollicis longus
(APL) [24]. Extensor pollicis longus (EPL)
rerouting or FPL abductorplasty can be performed
to improve the extension of the thumb [25].
Rerouting of EPL is recommended when the
EPL is strong and a good extension of the inter-
phalangeal (IP) joint is possible with the wrist in
neutral extension. EPL rerouting can help
increase the power of the EPL. Additional BR to
EPB transfer can be considered when EPL is not
strong [26]. Imbrication of the APL and EPB ten-

dons may be performed to augment the abduction
and extension of the thumb in patients who are
weak in EPL and cannot perform EPL rerouting.

Stabilization of the Joint

Volar capsulodesis is performed when the thumb
MP joint tends to hyperextend. Augmentation of
the thumb extension and abduction leads to inad-
vertent hyperextension of the MP joint which
makes the abduction of the thumb ineffective.
Arthrodesis or chondrodesis may prevent hyper-
extension of the MP joint and may help to correct
the thumb-in-palm deformity by limiting the
flexion of the thumb [27].

The authors’ preferred surgical methods for
thumb-in-palm deformity are combinations of
z-plasty lengthening of the first web, proximal
advancement of the AP insertion, rerouting of the
EPL, transfer of the BR to the EPB, and volar cap-
sulodesis of the thumb MP joint [28, 29] (Fig. 15.2).

Techniques

Release of the Origin of Spastic Thumb
Intrinsic Muscles

If selective and active control of AP and FPB is
possible, release at the origin can be performed.
The use of release at the origin rather than release
at insertion can make the function of the hand
better after surgery.

The palmar aponeurosis and distal half of the
carpal tunnel are incised. When approaching,
special care must be taken around the superficial
palmar arch vessels and the recurrent branch of
the median nerve and the sensory branch to the
thumb. The flexor and lumbrical muscles running
on the second and third fingers are retracted. The
origin of the AP attached to the third metacarpal
bone is exposed. The incision of the origin is per-
formed from the distal to proximal part of the
tendon while paying attention to the deep branch
of the ulnar nerve. If the flexion contracture of
the MP joint is accompanied, the origin of the
FPB originating at the carpal bone located in the
proximal portion of the MP joint can also be
released (Fig. 15.3).
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Fig. 15.2 Z-plasty (a)
or four-flap Z-plasty (b)
for contracted first web
space (Reproduced with
the permission from
Gunja publishing
company)

Release or Proximal Advancement

of the Insertion of the Spastic Thumb
Adductor

If the first web space is narrow and selective con-
trol of the AP is impossible, it is easier to release
the insertion. If selective and active control of the
AP is possible, the adduction power of the thumb
may be much weaker after surgery, so lengthen-

ing or proximal advancement of AP tendon is
required.

The first web space is incised by z-plasty. The
AP tendons attached to the first metacarpal bone
and sesamoid bone should be identified. The AP
tendon is cut at the insertion, or the cut adductor
tendon is advanced proximally by suturing it to
the periosteum of the midportion of the first meta-
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Fig. 15.3 Release of the origin of spastic thumb intrinsic
muscles (Reproduced with the permission from Gunja
publishing company)

carpal bone. The first metacarpal bone is fixed
with a K-wire with as much extension and abduc-
tion of the carpometacarpal joint as possible.

Lengthening of FPL

If the contracture of the thumb is severe when
the wrist is extended but the contracture is not
severe when the wrist is bent, FPL lengthening
can be performed. If there is a contracture of the
thumb only when the wrist is in neutral posi-
tion, fractional lengthening can be performed.
Z-lengthening can be performed in severe cases
where the thumb is not fully extended even when
the wrist is bent.

An incision is made in the forearm to expose
the FPL. If fractional lengthening is to be per-
formed, it is cut at the site of transition from the
tendon to muscle with two sites at 1 cm intervals.
If z-lengthening is to be performed, the required
length is calculated based on the angle of the con-
tracture. About 0.5 mm lengthening per contrac-
ture of 1° is considered necessary. The suture
should be performed with the wrists in neutral
position and the MP and IP joints flexed slightly.

EPL Rerouting

If the thumb is severely adduced, EPL rerouting
can be performed to eliminate its adductor func-
tion and act as an abductor. This procedure can be
performed if the function of the EPL is intact and
the active extension of the IP joint is possible
with the wrist in neutral position. EPL rerouting
should be accompanied by flexor and adductor
release.

Fig. 15.4 EPL rerouting. It functions as adductor muscle
(a) before surgery but functions as abductor muscle (b)
after surgery (Reproduced with the permission from
Gunja publishing company)

A longitudinal incision is made on the radial
side of Lister’s tubercle, and the EPL is exposed.
The extensor retinaculum is incised to allow the
EPL to move to the radial side. A longitudinal
incision is made in the first dorsal compartment.
Using APL, a pulley is created to wrap the EPL
and to prevent it from returning to its original
position. The first metacarpal bone is fixed with a
K-wire in extension and abduction as much as
possible (Fig. 15.4).

BR to EPB Transfer
If EPL is weak, additional BR to EPB transfer
can be performed.

A longitudinal incision is made in the 3—4 cm
proximal region of the radial styloid. The inser-
tion of BR is detached. The EPB tendon is cut in
the proximal part, and the cut EPB is sutured to
the BR using the weaving method. Sutures are
performed in the flexion of the elbow and in the
neutral position of the wrist (Fig. 15.5).

FPL Abductorplasty

This operation can be performed when the adduc-
tion contracture of the thumb is mainly due to the
rigidity of the FPL and the weakness of the
APL. Patients with weak pinch power before sur-
gery will lose the function of the FPL after this
procedure. In addition, patients who already have
MP joint fusion are not indicated for this opera-
tion because the IP joint will be tenodesed after
undergoing this operation.
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Fig. 15.5 Brachioradialis to extensor pollicis brevis
transfer (Reproduced with the permission from Gunja
publishing company)
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Fig. 15.6 Flexor pollicis longus abductorplasty

(Reproduced with the permission from Gunja publishing
company)

The FPL is exposed by incising the lateral side
around the IP joint of the thumb. The FPL is cut
at the midportion of the proximal phalanx; the
distal part of the cut FPL is attached to the proxi-
mal phalanx using the pullout suture or suture
anchor method. At this time, the IP joint main-
tains 15-20 degrees of flexion. At the wrist, a lon-
gitudinal incision is made on the radial side of the
FCR, and the proximal part of the cut FPL is
pulled out. A subcutaneous tunnel is used to
approach the posterior radial side of the MP joint.
The proximal part of the cut FPL is attached to
the posterior radial side of the MP joint capsule
(Fig. 15.6).

MP Joint Volar Capsulodesis

This operation can be performed when the MP
joint is hyperextended. It can also strengthen the
extension of the thumb in patients who have an
unstable MP joint and may have hyperextension
deformity after surgery.

The posterior radial side of the MP joint is
approached. The accessory collateral ligament
is incised, and the volar plate is exposed. The
cartilage of the sesamoid bone attached to the

Fig. 15.7 Metacarpophalangeal joint volar capsulodesis
(Reproduced with the permission from Gunja publishing
company)

volar plate is removed. The cortex is removed
at the head-neck junction of the metacarpal
bone to create a trough that can contact the
sesamoid. After pulling the sesamoid bone into
a proximal position to attach to the trough of
the metacarpal bone, the sesamoid bone is
fixed using a pullout suture with the MP joint
flexed at 30°. The MP joint is fixed using a
K-wire (Fig. 15.7).

MP Joint Arthrodesis

This operation is performed when the instability
of the MP joint cannot be stabilized by volar cap-
sulodesis. Patients with IP joint fusion are not
indicated for this procedure.

The joint between the EPL and the EPB is
exposed using the dorsal side approach. Care
should be taken not to expose the growth plate of
the proximal phalanx. Only the cartilage of the
joint is removed exposing the secondary
ossification center. The MP joint is fixed using
two K-wires with 10° of flexion.

Outcomes of Treatment

The results of the upper limb reconstructive sur-
gery for children with spastic hemiplegia are gen-
erally satisfactory. Functionally, the House scale
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improves by an average of 1.6-2.6 levels after
surgery. Patients with active control of the thumb
or who had a high MACS level before surgery
could expect more improvement after surgery
[30]. Patient satisfaction is also elevated after sur-
gery from the aspect of appearance.
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Introduction

Bone and soft tissue tumors can arise at any site
of our body. The hand and thumb are not excep-
tions. The hand and thumb have complex and
diverse anatomic and functional characteristics,
and consideration of those characteristics is nec-
essary for proper management of tumors in this
region. Masses arising in the hand and thumb
include true tumors, bone protuberances, cysts,
reactive granulomas, tenosynovial prolifera-
tions, foreign bodies, abscesses, and skin and
facial lesions. The majority of tumors arising in
the hand or thumb are benign. Ganglion cysts,
epidermoid inclusion cysts, giant cell tumors of
tendon sheath, and the palmar nodules of
Dupuytren’s contracture comprise the majority
of the lesions. Although benign lesions are much
more common in this region, the surgeons
always consider the possibility of malignant
lesions in managing processes because many
malignant tumors may have benign appearances
or growth behaviors [1]. Benign tumors and
tumor-like lesions in the thumb are basically
similar to those of the hand, so in this chapter, I
will describe the benign tumors in the hand and
thumb together.
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Evaluation and Staging

Systematic orderly process of work-up for a
definitive diagnosis is important to avoid poten-
tial disastrous consequences for the patients.
Plain radiographs are warranted along with a
detailed history and physical examination as an
initial evaluation of any tumorous lesions. The
age, sex, and location of lesion are important fac-
tors in diagnosis. Computed tomography (CT)
scanning is the preferred imaging tool in bone
tumors, and evaluation by magnetic resonance
imaging (MRI) is the gold standard for soft tissue
lesions. To establish or confirm the diagnosis, a
histological evaluation of biopsied specimen is
necessary. Ganglion cysts, subcutaneous lipo-
mas, or epidermal inclusion cysts which have
obvious imaging and clinical findings can be
exempted for biopsy. Because most of the benign
tumors do not metastasize to regional lymph
node or chest, chest radiograph and CT scanning
of the chest or abdomen are not necessary in rou-
tine evaluation protocol. One exception is the
giant cell tumor of the bone, which can rarely
metastasize to the lung. No specific laboratory
study is helpful to establish the diagnosis.

The Musculoskeletal Tumor Society provided
the staging system described by Enneking et al.
[2]. Based on clinical, radiographic, and histo-
logical data, it categorizes the lesions according
to their aggressiveness. Benign bone lesions are
divided into latent, active, or aggressive ones
depending on their radiographic appearances
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Table 16.1 Enneking staging system for benign bone
tumors [2]

Stage Definition | Behavior Example

1 Latent Remain static, Inactive
heals simple bone
spontaneously cyst

2 Active Progressive Nonossifying
growth, limited fibroma in
by natural children
barriers

3 Aggressive | Progressive Giant cell
growth, not tumor
limited by
natural barriers

(Table 16.1). The American Joint Committee on
Cancer (AJCC) staging system is a different one
which is for the malignant bone or soft tissue sar-
comas [3].

Bone and Cartilage Tumors
Enchondroma

Enchondroma is a benign hyaline cartilage neo-
plasm and is the most common primary bone
tumor of the hand, up to 54% of all enchondro-
mas involving the hand and wrist [4]. It develops
from fragments of cartilage originated from the
central physis. They favor the diaphysis of the
small tubular bones of the hand, and most tumors
are solitary. However, they involve more than one
bones in Ollier’s disease (multiple enchondroma-
tosis) and Maffucci syndrome (multiple enchon-
dromatosis associated with multiple soft tissue
hemangiomas) (Fig. 16.1a—c).

Patients may be asymptomatic or present with
pain related to actual or impending pathologic
fracture caused by the expansile remodeling of
the lesion. The majority of patients present within
the second to fifth decades of life. Both sexes are
equally affected.

Although  malignant transformation  is
extremely rare in a solitary enchondroma, the
incidence of secondary chondrosarcoma in
patients with Ollier’s disease was about 25%
at the age of 40 years and almost a certainty in
patients with Maffucci’s syndrome [5]. Increased

pain or development of pain in a previously
asymptomatic lesion and rapid growth of an
enchondroma may suggest malignant transforma-
tion. Radiographically, enchondromas form well-
marginated tumors that vary from radiolucent to
heavily mineralized. The characteristic mineral-
ization patterns are punctate, flocculent, or ring
and arc. In small tubular bones, enchondromas
are frequently expansile and show endosteal scal-
loping and cortical thinning (Fig. 16.2). MRIs are
helpful to evaluate the extents of tumors in the
medullary space, which demonstrate the multi-
lobulated, hyperintense enchondroma on fluid-
sensitive sequences (Fig. 16.3a—c).

Histologically, enchondromas are white to
blue-gray lobulated lesions with varying degrees
of calcification. In the hand and thumb, a higher
degree of cellularity and cellular atypia is accept-
able for benign lesions as compared to other
anatomic sites. Correlation with radiographic
findings is necessary.

Differential diagnosis of enchondroma in the
hand includes bone infarct, chondrosarcoma,
chondroblastoma, nonossifying fibroma, fibrous
dysplasia, and aneurysmal bone cyst.

A painless lesion can be observed through the
regular radiographic follow-ups. For expansile
lesions with thin cortexes, the potential for patho-
logic fracture should be considered, and an
annual radiographic follow-up for 2-year period
is reasonable to establish stability of the lesions.
Surgical treatment is necessary in patients with a
symptomatic lesion or a lesion at risk for patho-
logic fracture. If the radiologic imaging studies
showed the characteristic features for benign
enchondroma, no biopsy is necessary. In case of
possible chondrosarcoma or other kind of neo-
plasm, open biopsy through a small window and
establishment of the accurate histologic diagno-
sis are recommended. Because differentiation of
benign enchondroma from a low-grade chondro-
sarcoma is difficult on frozen section for the car-
tilaginous tumors, it is prudent to defer the
definite surgery after permanent section analysis
of the biopsy specimen if there is concern regard-
ing malignancy.

A thorough curettage through sufficient-sized
bone window is the way of surgical treatment for
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Fig. 16.1 Plain radiographs of a 47-year-old female and left hands show marked deformities and large bulging
patient with Maffucci syndrome show multiple enchon- mass formations with prominent bright heterogeneous
dromas with deformed thumbs and fingers (a). Phleboliths  enhancement which involve the proximal, mid, and distal
can be seen in the soft tissue of the right hand (a). MRIs of ~ phalanges (b and ¢)

T1-weighted gadolinium-enhanced coronal view of right
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Fig. 16.2 Right thumb AP view of patient with enchon-
droma shows central radiolucent bony lesion in the proxi-
mal phalange of the thumb with endosteal scalloping and
punctate, flocculent matrix calcifications

benign enchondromas. The margin of excision
can be extended with a high-speed burr, and elec-
tric cautery or chemical cauterization of the cav-
ity with phenol or absolute alcohol may be
helpful to reduce the recurrence rate. The bone
defect is packed with autogenous iliac cancellous
bone, allograft, or a synthetic bone substitute to
heal (Fig. 16.4a—d) [6, 7]. Although there were
reports that successful simple curettage of the
lesion without intralesional bone graft [8, 9] and
packing of bone defect with methyl methacrylate
[10], the author prefers the more biologic recon-
struction methods of autograft or allograft. In
case of pathologic fracture, surgical treatment

Y.-G. Chung

after fracture healing with initial immobilization
was recommended because of lower complica-
tion rate than immediate curettage and bone graft
(Fig. 16.5a—f) [11].

The reported recurrence rate of enchondroma
after curettage was 2—15% [12]. There is a pos-
sibility of malignancy in recurred cases; a careful
review of radiographs and histology is advised,
and again a clinical and radiographic correlation
is important.

Aneurysmal Bone Cyst

Aneurysmal bone cyst (ABC) is a destructive,
expansile, benign neoplasm of the bone composed
of multiloculated blood-filled cystic spaces. It
accounts for 5-6% of benign bone tumors, and
fewer than 5% of aneurysmal bone cysts are
localized to the hand [13]. Metacarpal lesions are
more frequent than phalangeal or carpal lesions.
It is most common during the first two decades of
life (80%) with no sex predominance.

The clinical presentation may be a slowly enlarg-
ing bony lesion with or without pain. In the lesion
close to a joint, there may be limitation of joint
motion. Plain radiographs will demonstrate a cen-
tral, expansile metaphyseal and epiphyseal lesion
with cortical thinning. ABCs in the hand may be
purely lytic, lack sclerotic margin, and appear more
destructive (Fig. 16.6a—f) [14]. Differential diagno-
sis will be giant cell tumor of the bone, giant cell
reactive granuloma, enchondroma, and telangiec-
tatic osteosarcoma. Magnetic resonance imaging,
which shows internal septa and the characteristic
fluid-fluid level, may be useful for differential of
lesions and evaluation of soft tissue extension [14].
The histology of ABCs is a blood-filled cyst with
membranous lining on which shows fibrous tissues,
foam cells, and giant cells similar to chronic inflam-
mation. More solid areas can be seen and they may
represent either a solid portion of the ABC or a
component of a primary tumor such as giant cell
tumor of the bone, osteoblastoma, chondroblas-
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Fig. 16.3 T2-weighted fat suppression coronal (a) and
axial (b) images and TI-weighted fat suppression
gadolinium-enhanced coronal MR (¢) images on left hand

toma, or fibrous dysplasia, which has undergone
secondary ABC-like changes [15].

The standard treatment for ABCs is through
extended curettage with adjuvant liquid nitrogen,
high-speed burring, and electric or chemical cau-
terization, which reduce the recurrence rate to
12-18% [16, 17]. The bone defect site was filled
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of patient with enchondroma show lobulated high signal
intensity intramedullary lesion with peripheral rim
enhancement at proximal phalange of left thumb

with bone graft or bone cement. Creation of a
large cortical window or “exteriorization” will be
helpful to improve the visualization of the lesion
and to facilitate treatment of the lesion cavity. The
use of high-speed burr is indicated if there is suf-
ficient bone stock provided. Liquid nitrogen can
reduce the risk of local recurrence, but it is techni-
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Fig. 16.4 Extended curettage and bone graft. Through the
zigzag incision (a) on the dorsum of first metacarpal bone,
an elliptical bony window was made with power burr (b).

cally demanding and may be associated with
increased risk of infection, fracture, joint collapse,
and premature physeal closure [18]. Wide en bloc
excision can be considered for large, very aggres-
sive lesions with inadequate bone stock for an
endosteal abrasion. It carries a lower local recur-
rence risk than curettage and bone grafting at the
expense of greater morbidity [19]. Amputation
may be necessary for very large destructive
lesions, particularly ones in distal phalanx.

Giant Cell Tumor

Giant cell tumors (GCTs) in the hand account
for about 2% of all. It occurs most commonly
in the third and fourth decades and has slight
female predominance. Although GCT in the
bone is basically a benign, locally aggressive
lesion, it does have the potential to metasta-
size [20, 21]. Pain and swelling of the affected

The defect that remained after curettage was filled with
autogenous cancellous iliac bone chips (¢ and d)

area are common clinical findings, and pain
may be aggravated after pathologic fracture.
Radiographically GCTs appear as radiolu-
cent, eccentric, epiphyseal lesions with a lytic
matrix. The matrix typically has no calcifica-
tion. Cortical expansion, perforation, and soft
tissue extension are common on plain radio-
graph (Fig. 16.7a-1).

Campanacci et al. [21] described a staging
system based on plain radiographs. Lesion with
normal contour and no perforation of cortex is
considered stage I, active lesion with expanded
cortex without perforation is stage II, and more
aggressive lesion with perforated cortex and
extension into surrounding soft tissues is stage I11
(Table 16.2).

GCTs of the bone in the hand are more
aggressive with higher local recurrence and
metastasis rates. The local recurrence risk after
intralesional curettage was approximately 80%
[22]. Reported metastasis rate was as high as
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Fig. 16.5 Plain radiographs of right thumb AP (a) and
lateral (b) view of patient with enchondroma show linear
fracture line through the radiolucent bony lesion. After
6-week splint immobilization, the bone union was

10%, and metastasis is seen more commonly
after local recurrence. Because of this charac-
teristics, aggressive treatments such as wide
excision or amputation for patients with GCT
of the bones of the hand are recommended as
the best form of definite local treatment
(Fig. 16.7a—i) [14]. There is a recent report
[23] that three patients treated with curettage,
cryosurgery, and cementation had no recur-
rence, which suggest that this technique may
have a role for hand lesions without soft tissue
extension (Campanacci stage I or II).
Postoperatively, patients are followed up with
hand and chest radiographs every 6 months for

obtained (c¢). The patient underwent a thorough curettage
and bone graft (d). Postoperative 6-month radiographs
revealed solid incorporation of grafted bone (e and f)

the first 2 years, then every year. Chest CT
should be considered in those patients with
local recurrence [14].

Osteochondroma

Osteochondroma is a benign bony prominence
capped with hyaline cartilaginous tissue. Patients
are diagnosed in childhood mostly. Smaller
lesions in hand and feet are affected in about 10%
of cases. In the Mayo series, only 4% of osteo-
chondromas involved the hand and wrist [4]. One
characteristic feature of osteochondroma is
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Fig. 16.6 Plain radiograph of right hand demonstrates a
central, markedly expansile multiloculated, radiolucent
bony lesion with cortical thinning (a). MRIs show expans-
ile multiloculated lesion with peripheral rim enhancement
(b and c). Bone scintigraphy reveals hot uptake of radio-
isotopes (d). Extended curettage with debulking cortical

modeling and autogenous iliac bone grafting were per-
formed (e). Histological examination demonstrates that
the hemorrhagic cyst wall lacks a distinct cell lining and is
composed of blend spindle-shaped cells with scattered
osteoclast-type giant cells and reactive woven bones (f)

Fig. 16.7 Plain right thumb lateral radiograph of a
35-year-old female patient showed slightly expansile,
radiolucent bony lesion involving near whole first metacar-
pal bone (a). T2-weighted MR image demonstrated intraos-
seous lesion with thinned cortex, but there was no definite
cortical perforation (b). Nine-month follow-up MRI
showed markedly expansion of cortical bone (c). Plain
radiographs at 3 years after extended curettage and cemen-

tation showed subluxation of cement block with destructive
osteolytic changes of overlying cortical bone (d). MRI (T2,
fat-suppressed sagittal) demonstrated recurrent GCT
around the cement block (e). After wide en bloc resection of
the first metacarpal bone, (f) a tricortical iliac bone block
(g) was harvested and implanted into the bone defect site
with arthrodesis of basal joint (h). Postoperative radiograph
shows the reconstructed first metacarpal bone (i)
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Table 16.2 Campanacci staging system for giant cell tumors of the bone [21]

Stage %o Description

Treatment

Stage I (latent) 15%
Asymptomatic

Inactive on bone scan
Histologically benign

Confined totally by the bone

Extended curettage with high-speed burr and
adjuvant PMMA

Stage II (active) | 70% Expanded cortex with no
breakthrough

Symptomatic

scan
Histologically benign

If pathologic fracture, active on bone

Stage 111
(aggressive)

15% Rapidly growing mass

tissue mass
May metastasize

Symptomatic

Histologically benign

Cortical perforation with soft

Extensive activity on bone scan

Wide resection and osteochondral allograft

Malignant Very

rare

benign GCT

Sarcomatous lesion contiguous with

Fig. 16.8 Plain right thumb lateral radiograph of an
83-year-old female patient showed protruded bony promi-
nence on dorsal aspect of distal interphalangeal joint. CT
scanning demonstrated the characteristic feature of osteo-
chondroma, medullary continuity between the osteochon-

medullary continuity between the osteochon-
droma and the wunderlying parent bone
(Fig. 16.8a—c). Because solitary osteochondroma
in the hand is unusual, the patient with osteo-
chondroma in the hand should be evaluated for
multiple osteochondromatosis, an autosomal
dominant inherited disease which can result in

droma and the underlying parent bone (b). After excision
of osteochondral tumor mass, the EPL tendon was
attached to the base of distal phalangeal bone with suture
anchor (¢)

angular deformity of nearby joint. Symptoms
may be related to irritation of the surrounding
soft tissues. Sometimes juxta-articular lesions
cause the deformity and limitation of joint
motion. Growth of the osteochondroma should
cease on physeal closure. Malignant transforma-
tion of a solitary osteochondroma is rare. Sudden
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growth of the lesion, irregular mineralization,
and change of the lucent region of the lesion are
signs for sarcomatous degeneration. Surgical
excision can be considered for symptomatic
lesions. A corrective osteotomy may be neces-
sary to correct deformity of fingers associated
with osteochondromas.

Osteoid Osteoma

Osteoid osteoma is a benign bone-forming neo-
plasm characterized by a central nidus within the
surrounding sclerotic bone. Approximately 10%
of all benign bone tumors are osteoid osteoma,
and about 5-15% of cases affect the wrist and
hand. Patient with osteoid osteoma typically
presents in the second to third decades of life
with a significant, well-localized pain aggravat-
ing at night. Within the nidus abnormally high
concentration of prostaglandin E, and I, has been
demonstrated. This may be related to pain resolu-
tion with administration of aspirin or nonsteroi-
dal anti-inflammatory drugs [24].

Swelling and loss of motion of in adjacent
joints are common, and point tenderness over the
region of the nidus and associated soft tissue
edema are common physical findings.

Radiographically a radiolucent nidus is sur-
rounded by a rim of dense reactive bone. The

Distal

nidus is seldom larger than 1 cm in diameter.
Osteoid osteoma usually arises within the cortex,
but sometimes it has a intramedullary location.
Bone scintigraphy and CT scanning are helpful to
find nidus obscured by reactive bone or invisible
in a radiograph [25]. Histologically the nidus is
composed with abundant, loose, fibrovascular
connective tissue between amorphous osteoid
bars, intertwined with numerous osteoblasts and
osteoclasts surrounding the bony trabeculae. The
periphery is composed of reactive woven and
trabecular bones.

In some cases, osteoid osteoma may be self-
limiting. But its course is unpredictable and
may be protracted. Curettage of nidus and bone
graft can be helpful to relieve intolerable sig-
nificant pain (Fig. 16.9). CT-guided percutane-
ous radiofrequency thermal ablation has proven
to be an effective, reliable, minimally invasive
technique [26]. After identification of nidus
under the CT guidance, a radiofrequency probe
is placed within it and then heated to 90 °C for
6 min [27]. However, there is little or no experi-
ence with RFA of osteoid osteoma in the small
bones of the hand, and a little volume of cush-
ion between the nidus and vital tissues is avail-
able. So open techniques are preferred ones for
lesions in the hand and thumb region. If the
nidus has not been excised completely, recur-
rences are more likely [28].

Fig. 16.9 A clinical photograph of right thumb showed
mucoid cyst on dorsoradial aspect of distal phalangeal
joint with nail deformity (a). The pressure on the nail

matrix by mucoid cyst can cause a longitudinal grooving
of the nail. Ultrasonogram reveals mucoid cyst over the
nail matrix (b)
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Soft Tissue Tumors
Ganglion

Ganglion cyst is the most frequent soft tissue
mass in the hand and thumb, compromising
approximately 50% of hand tumors. They arise
most frequently during the second through fourth
decades in any location in the hand and wrist but
are usually adjacent to joints or tendons [29].

The pathogenesis of ganglion cysts is unclear;
one theory accepted widely until recently is that
ganglions are arisen as a result of mucoid degen-
eration. Stretching of capsular and ligamentous
supporting structures stimulates the production
of mucin, which dissects through those support-
ing structures and forms capsular ducts and lakes
that eventually coalesce into the main cyst [30].
It is a mucinous cyst attached to the adjacent
underlying joint capsule, tendon, and tendon
sheath with or without a small stalk. The fluid
may enter into the cyst through a one-way check
valve mechanism. At least 10% of ca