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Chapter 16
Tendon Transfers for Digital Deformities
and Hammertoes

Lawrence A. DiDomenico, Frank A. Luckino III, and Danielle N. Butto

Presentation/History

Digital deformities may present in a variety of forms. Mallet toe, hammertoe, claw
toe, and curly toe deformities have all been described [1]. Shoe gear, genetics, neu-
romuscular imbalances, inflammatory arthritis, and trauma have all been shown to
be potential causes [1-3]. Though most of the literature would point to a biome-
chanical imbalance between the extrinsic and intrinsic musculature, three categories
have been described for classification of digital deformities: flexor stabilization,
flexor substitution, and extensor substitution [4].

Mallet toe is a flexion contracture in the sagittal plane of the distal phalanx on the
middle phalanx at the distal interphalangeal joint (DIPJ). The deformities are usu-
ally fixed; however, they can present as flexible or semirigid too. Pain is caused due
to repetitive trauma of the distal toe hitting the ground or the irritation to the dorm
of distal interphalangeal joint. This trauma can cause a distal toe callus and/or ulcer-
ation with an associated bursitis to the interphalangeal joint. Correction of a mallet
toe is achieved by removal of the deforming flexor digitorum longus tendon force
[5] and releasing the interphalangeal contracture if needed.

L. A. DiDomenico (P<)
Department of Surgery, St. Elizabeth Health Center, Youngstown, OH, USA

Northside Medical Center, Youngstown, OH, USA

F. A. Luckino III
Northeast Ohio Foot and Ankle Specialists, Canton, OH, USA

Mercy Medical Center, Canton, OH, USA

D. N. Butto
Trinity Health of New England Medical Group, Hartford, CT, USA

Saint Francis Hospital, Hartford, CT, USA

© Springer Nature Switzerland AG 2019 209
E. A. Cook, J. J. Cook (eds.), Hammertoes,
https://doi.org/10.1007/978-3-319-16552-3_16


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-16552-3_16&domain=pdf
https://doi.org/10.1007/978-3-319-16552-3_16

210 L. A. DiDomenico et al.

A hammertoe is a deformity which is typically associated with a contracture in
the sagittal plane at the proximal interphalangeal joint (PIPJ). This deformity can
have a component of transverse and frontal plane deformity too. The middle pha-
lanx is plantarflexed on the proximal phalanx. The deformity sometimes involves a
dorsal contracture at the metatarsophalangeal joint. The distal interphalangeal joint
is in either a flexed, extended, or neutral position [6]. A dorsal, painful callus or
ulceration is often present over the PIPJ.

A curly toe is characterized by a flexion contracture, internal rotation, and varus
deformity of the interphalangeal joints of the affected toes. Curly toe deformities
are often seen in pediatric patients [7]. On the other hand, an adductovarus defor-
mity occurs at the proximal interphalangeal joint in the frontal and sagittal planes.
The deformity commonly occurs with a pronated foot type. The quadratus plantae
loses its normal vector pull. The direction of pull is shifted medially, therefore creat-
ing a varus and adductus pull on the digit [8].

The crossover hammertoe presents with pain and swelling at the plantar aspect
of the metatarsophalangeal joint capsule. As the deformity progresses, the proximal
phalanx hyperextends and deviates in a coronal or sagittal plane and usually crosses
over the great toe. The second digit is the most common digit affected [9]. The plan-
tar plate is often ruptured in this deformity.

A heloma dura can be present at either the proximal interphalangeal joint or
distal interphalangeal joint. When present on the lateral nail fold, the lesion is called
a Lister’s corn. An interdigital heloma molle develops because of the malalignment
of the toes associated with deformity resulting in increased pressure between the
lateral aspect of the base of the fourth digit proximal phalanx and the medial aspect
of the head of the fifth digit proximal phalanx. The etiology is secondary to malalign-
ment of an enlarged or deformed distal, middle, or proximal phalanx [8].

A claw toe is characterized by hyperextension of the MTP joint and flexion of the PIP
and DIP joint. With a claw toe, there may be an associated callosity beneath the involved
head of the metatarsal, overlying the PIP joint, and even at the tip of the toe [10].

Each of the types of hammertoes can be associated with pain, soft tissue irrita-
tion, and callus formation than can lead to ulceration. In addition, when a hammer-
toe deformity is present and there is a dorsal contracture at the metatarsalphalangeal
joint causing retrograde pressure, there is a significant increase in plantar pressure
present at the metatarsal head and a distal displacement in the fat pad which can lead
to pain, soft tissue changes, callus formation, and ulceration [11].

It is important to identify the underlying cause of the hammertoe deformity.
Flexor stabilization typically occurs in a pronated foot type. As the foot pronates, the
flexor digitorum longus fires earlier in the gait cycle gaining a mechanical advantage
over the interossei muscles. An adductovarus rotation of the fourth and/or fifth digit
is typically present [12, 13]. Flexor substitution is often associated with a weak tri-
ceps surae. The deep posterior group musculature overpowers to accommodate for
the weak triceps surae. The flexors gain an advantage over the interossei [12].

Extensor substitution occurs in the swing phase of gait with the long extensors
gaining a mechanical advantage over the lumbricals [12]. Generally there is con-
tracture at the metatarsalphalangeal joint level with bowstringing of the extensor
tendons [13]. Neuromuscular disorders such as Charcot-Marie-Tooth (CMT), polio-
myelitis, muscular dystrophies, and lumbar disc disease may lead to contractures at
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the metatarsophalangeal and interphalangeal joints (IPJ) of the lesser digits [2]
manifesting most commonly as a claw toe deformity. A high-arched, cavus foot type
is often exhibited with this type of deformity as well [14]. Hibbs originally termed
this foot type a “claw foot” where there are high arch, plantar calluses, and promi-
nent metatarsal heads secondary to the digital deformities [15]. Though this type of
digital contracture is typically seen in patients with neuromuscular disease [16], it
can be seen in a flatfoot deformity, as well as rheumatoid and diabetic patients [4].
A thorough history from the patient is crucial. Patients may relate a positive fam-
ily history of a high-arched foot type with neuropathic type symptoms. Muscle
weakness with complaints of a foot drop with tripping or instability with gait may
be present [17]. A patient may describe difficulty with shoe gear secondary to prom-
inences at the dorsal and proximal IPJs. Callus formation secondary to prominent
metatarsal heads leads to metatarsalgia as a common complaint [14, 16].

Diagnosis/Assessment

A thorough weight-bearing and non-weight-bearing exam, as well as gait analysis,
should be performed on all patients. One should employ the Silfverskiold test to
assess for underlying equinus deformity. Next, the overall foot type should be classi-
fied, and attention is then drawn to the digital deformity or deformities. The involved
toes should be evaluated in the sagittal, transverse, and frontal plane. One should
determine whether the deformity is flexible, semirigid, or rigid. A push-up test as
described by Kelikian with plantar pressure applied at the metatarsalphalangeal joint
(MTPJ) will allow one to determine the flexibility of the deformity [14]. Long-
standing deformities may lead to dislocation at the level of the MTPJ. The Lachman
test can be employed to assess for pathology at the metatarsalphalangeal joint. With
the metatarsal immobilized and proximal phalanx held in 20-25° of dorsiflexion, the
proximal phalanx is translated vertically. A positive test is greater than 2 mm of dorsal
displacement or 50% subluxation to the vertical height of the metatarsal head [18].

Standard, three-view radiographs should be evaluated. The anterior-posterior
projection is utilized to assess transverse and sagittal plane deformity [13]. The
“gun-barrel sign” is a hallmark of sagittal plane deformity as one visualizes the
medullary canal of the middle phalanx [13, 14]. The lateral view clearly demon-
strates sagittal plane pathology.

In deformities where pathology of the plantar plate is in question, an MRI can be
ordered for further evaluation. On T1-weighted images, the plantar plate is seen as
a continuous low-signal structure. On gradient-echo images, the plantar plate is
slightly hyperintense from the flexor tendons. In plantar plate rupture, the signal is
higher in intensity and more widespread, extending beyond the immediate area of
the plate attachment on the proximal phalangeal base. Proximal-to-distal continuity
of the plate is lost and the rupture is isointense with synovium and joint fluid.
Associated findings include MTPJ synovitis and synovitis or effusion in the flexor
tendon sheath [19].

In order to understand the disease process, one must have a sound understanding
of the anatomy. The MTPJ, PIPJ, and DIPJ are stabilized by collateral ligaments
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obliquely on either side of the joint. Plantar stability is provided by the plantar plate,
a thick fibrocartilaginous structure that prevents dorsal subluxation of the digit at
the MTPJ level [13]. The extensor digitorum longus tendon acts as a dorsiflexor of
the ankle through the swing phase of gait. The tendon splits once it passes the ankle
into four separate slips which insert on the dorsal aspect of the middle and distal
phalanges of digits 2-5. The extensor digitorum brevis tendon has three separate
slips to digits 2, 3, and 4 and inserts at the extensor expansion of the corresponding
EDL tendon. The extensor expansion has attachments plantarly with the capsule,
plantar plate, and flexor tendon sheath at the level of the MTPJ. Therefore, the pull
of EDL and EDB causes significant dorsiflexory power at the level of the MTPJs
and minimal at the IPJs. The flexor digitorum brevis originates at the medial calca-
neal tuberosity. It courses distally and splits into two slips that attach to the plantar
aspect of middle phalanx. The flexor digitorum longus originates in the posterior
compartment of the leg and courses to the digits through the split in FDB tendon to
insert on the distal phalanx.

When non-weight-bearing, the long flexor flexes the MTPJ and IPJ. During
weight-bearing, the long flexor tendon will pull the distal phalanx proximally, buck-
ling the toe. In a weight-bearing situation, firing of the long flexor alone will pro-
duce a claw toe, while pull of the long and short flexors will recreate a true
hammertoe [13].

With extensor substitution typically presenting in a neuromuscular disease
patient, such as CMT or polio/post-polio, a thorough neuromuscular exam is para-
mount. The pathomechanics of CMT is well documented; however, this may not
correlate with nonprogressive causes for the cavus foot type. Typically in the CMT
population, the disease process begins with atrophy of the intrinsic musculature.
With loss of stability of the lumbricales at the level of the MTPJ, there is unopposed
pull of the long extensor tendons and the long flexor tendons. This causes extension
at the MTPJ and flexion of the phalanges. Subsequently, there is a generalized
weakness of the tibialis anterior tendon as well as the peroneus brevis tendon. The
muscle strength to the long flexors and peroneus longus is preserved. The weakness
in the anterior compartment requires the extensor digitorum longus (EDL) tendon to
compensate for the lack of dorsiflexion at the level of the ankle. This further exac-
erbates the hyperextension, hammertoe contracture [20].

DM and RA Foot Types Similar to CMT

The long extensor to the hallux will cause a similar deformity at the great toe as seen
in the lesser digits [20]. In Hibbs’ original description, he felt there were two con-
cerns that needed to be addressed surgically. First, correction of what he called an
“exaggerated arch” and secondly removal of the extensor overpowering to the dig-
its. The former could be corrected through a Steindler stripping and latter correction
achieved by the release of the long extensor tendons and transfer of the proximal
portion to the lateral cuneiform [15].

Before surgery is being considered for any type of digital contracture, vascu-
lar status must always be assessed. Should there be a concern, noninvasive vas-
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cular studies with digital pressures and/or toe-brachial indices (TBIs) can be
ordered. Further neurologic workup may include an electromyographic (EMG)
or a nerve conduction velocity (NCV) study. If the foot deformities have been
progressive versus static, this should prompt a more in-depth workup by a neu-
rologist [21].

In preparing the patient for surgery, the surgeon should educate the patient that
the digital deformity is a chronic soft tissue pathologic process that has occurred
because of tendon imbalance and secondary soft tissue contractures at each segment
of the involved joint/joints of the proximal, middle, and distal phalanx. Although the
digit as an entity may present as a deformity, each separate segment (proximal,
middle, and distal phalanx) does not exhibit any bony pathology. The goal for a suc-
cessful outcome is to balance the toe and “weaken” the overpowering tendon and
“strengthen” the weaker tendon pull to balance the toe. Essentially, the surgeon is
removing the deforming soft tissue attachments from the toe, placing the toe in the
desired position and then rebuilding the attachments to the toe with tendon transfers
under physiologic tension to improve digital alignment and function. The end result
should provide a stabile, neutrally placed toe with some weakening in one part of
the toe and some strengthening in another part of the toe.

Treatment/Surgical Technique

The Modified Girdlestone-Taylor Procedure (Flexor Digitorum
Longus Transfer)

The modified Girdlestone-Taylor procedure is used to treat flexion contractures of
the distal interphalangeal joint and/or proximal interphalangeal joint. One can per-
form the procedure through a midline incision approach on the lateral aspect of the
hallux and the medial or lateral aspect of the second, third, and fourth toes and the
medial aspect of the fifth toes. By placing the incision on the lateral aspect of the
hallux and the medial aspect of the fifth toe, this provides a good location for cos-
metic purposes.

It is recommended that one use fine double skin hooks for retraction in order to
avoid soft tissue compromise. Deepen the incisions in the same plane being careful
to avoid the neurovascular bundles. The dissection is carried to the plantar aspect of
the soft tissues of the respective toe. Identify the flexor digitorum longus and trace
it distally to its attachment to the distal phalanx. Detach the distal aspect of the
flexor digitorum longus, clamp with an Allis clamp, and retrieve proximally within
the wound to the web space.

Next, attention is directed to the flexor digitorum brevis tendon. Detach (both the
medial and lateral slips) of the tendon from the base of the middle phalanx. A cap-
sulotomy at the interphalangeal joint (for a flexion contracture of the proximal inter-
phalangeal joint) and/or the distal interphalangeal joint is performed allowing the
contracture to be reduced.

A K-wire (preferably 0.062 inches) is inserted from the distal tip of the distal
phalanx to the base of the proximal phalanx. It has been the authors’ experience to be
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cautious not to overcorrect the flexion contracture by placing the distal interphalan-
geal joint and the proximal interphalangeal joint into a neutral or extended position
and to place it into a neutral to slight plantar flexion position. If an isolated flexor
digitorum longus tendon transfer is being performed, there should not be a contrac-
ture at the metatarsalphalangeal joint; therefore, there is no need to pin across the
metatarsalphalangeal joint with the K-wire. Next, while the toe is held in anatomical
alignment and held into the desired position, the flexor digitorum longus tendon is
transferred and sutured into the extensor soft tissue (extensor hood) of the proximal
phalanx under physiologic tension. The excess tendon of the flexor digitorum longus
is resected and the skin is lightly re-approximated with typical skin closure.

Advantages: With the scars located on the lateral aspect of the hallux and the
medial or lateral aspect of the second, third, and fourth toes and the medial aspect
of the fifth toe, the procedure leaves a much more cosmetic pleasing result.
Additionally, by performing the flexor digitorum longus transfer, this removes the
pathologic sagittal plane force as well as any additional pathological pull in the
frontal and transverse plane allowing the toe to be placed in a neutral position.
Postoperatively, there is a much more natural clinical look in terms of the length of
the toe. The digits retain stability in the transverse and frontal plane as the medial
and lateral collateral ligaments are left intact. The toe is not shortened as there is no
bone resection. There is minimal postoperative edema since all the directions con-
sist of soft tissue only and there is no bony involvement which often occurs with
bony procedures. Any resulting bursa, hyperkeratosis, and ulceration eventually dis-
sipate as the deforming forces are removed and relieve the pressures.

Since there is no surgery on the bony structures, there is no rotation, shifting,
malalignment, or shortening of the digits. The tendon transfer treats the underlying
pathology, the dynamic/static deforming force of the tendon, therefore, eliminating
the need to disturb the natural osseous structures of the three phalanxes.
Postoperatively, the K-wire is removed at approximately 7-10 days based on the
patients’ preoperative deformity. Lastly, if a problem would occur postoperatively,
one could always perform a bony procedure if necessary.

Disadvantages: In terms of disadvantages, this is a more technically challenging
surgical procedure in terms of dissection. The approach makes for a difficult space
to work between toes. While possible complications are similar to those with any
other digital surgery, more unique complications to this procedure consist of over-
correction or hyperextension leading to a recurvatum deformity of the corrected
joints, maceration, and wound issues of the incision sites secondary to interdigital
contact.

The Modified Hibbs Procedure (Extensor Tendon Transfers)

The modified Hibbs procedure is indicated for patients who exhibit extensor substi-
tution/recruitment. Dorsal subluxations/dislocations at the metatarsalphalangeal
joints are frequently linked with claw toes and hammertoes. These deformities
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typically result with the recruitment of a tight extensor digitorum longus (extensor
substitution/recruitment) to support dorsiflexion against a tight posterior muscle
group (equinus contracture).

For treating hammertoes 2-5, beginning at the second metatarsalphalangeal
joint, make an oblique dorsal incision proximal to the base of the fourth metatarsal.
Deepen this incision in the same plane and avoid all neurovascular structures. Be
sure to avoid and preserve the superficial nerves in the subcutaneous tissues as these
will be running longitudinally. Great care of the soft tissue is essential, and fine
double skin hooks are recommended for retraction in order to avoid soft tissue com-
promise. Identify the extensor tendons (extensor digitorum longus and brevis) and
separate only these tendons from the subcutaneous tissues. There is no need to dis-
sect any other tissues other than separating the soft tissues from the extensor digito-
rum longus and brevis tendon. The extensor digitorum longus and brevis tendons lie
deep to the superficial nerves. The surgeon should separate and track the extensor
tendons longitudinally. Isolate the second, third, and fourth extensor digitorum lon-
gus tendons, respectively, and cut these tendons as far proximal within the incision
site. Clamp each one of the most distal aspect of the proximal portion of the cut
extensor digitorum longus with a small mosquito hemostat. Clamp the most proxi-
mal aspect of the distal cut portion of the extensor digitorum longus tendon with an
Allis clamp. The distal cut portions of the extensor digitorum longus tendons are
then reflected from the remaining soft tissues as far distally within the incision site
and retracted out of the way. The distal portion of the second extensor digitorum
longus tendon is reflected distally and temporarily placed in the first web space of
the foot. The third extensor digitorum longus tendon is placed similarly in the sec-
ond web space, and the fourth extensor digitorum longus tendon is placed in third
web space. The fifth extensor digitorum longus tendon is identified, and a
Z-lengthening procedure is performed allowing the tension and contracture to be
released from the fifth extensor digitorum longus tendon.

Attention is directed to the second, third, and fourth metatarsalphalangeal joints
as far distal in the incision site. The second, third, and fourth extensor digitorum
brevis tendon is traced as far distal within the incision site, and a tenotomy is per-
formed as far distal as possible. An Allis clamp is applied to most proximal portion
of the cut second, third, and fourth extensor digitorum brevis tendons, and these
tendons are retracted proximal. At this time, complete exposure of the metatarsal-
phalangeal joint is achieved. A capsulotomy at the second, third, fourth, and fifth
metatarsalphalangeal joints is completed. This facilitates release of all contractures
via sharp and blunt dissection and/or the use of a McGlamry elevator. Following this
release, the surgeon should realize that all the soft tissue deforming forces have now
been removed and the digits should naturally revert to a “neutral position.”

In most scenarios, when a digit involves the extension contracture, there is also a
flexion component in the deformity. In deformities which exhibit both flexion and
extension deformities, additional soft tissue procedures need to be performed to
address flexion contractures of the second, third, fourth, and fifth digits (flexor ten-
don transfers). The flexor tendon transfer is then performed at each toe. Once this is
accomplished, insert a 0.062 K-wire from the distal aspect of the toes through the
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distal interphalangeal joint, the proximal interphalangeal joint, and the metatarso-
phalangeal joint to the base of the second, third, fourth, and fifth metatarsals. Ensure
there is good anatomical alignment of the toe relative to the metatarsal. Be sure the
distal interphalangeal joint, the proximal interphalangeal joint, and the metatarso-
phalangeal joints are maintained and the toe is in the desired position.

Next, proceed to back to the dorm of the foot and perform a tendon transfer (a
weave graft) of the distal stump of the proximal extensor digitorum brevis into the
most proximal portion of the distal extensor digitorum longus stump of digits 2, 3,
and 4 under physiologic tension. This tendon transfer will essentially weaken the
extensor pull of the respected toes. Suture the Z-lengthened fifth extensor digitorum
longus with physiologic tension while maintaining good anatomic alignment. Next,
pass the distal stumps of the proximal portion of the second and third extensor digi-
torum longus tendons deep to the soft tissue structure (to avoid pressure on the
neurovascular structures)with the fourth extensor digitorum longus. Suture together
the distal stumps of the proximal portion (we typically use 0 Vicryl) of the second,
third, and fourth extensor digitorum longus tendons, and transfer them into the pero-
neus tertius or the periosteum of the intermediate cuneiform with the surgical assis-
tant loading the ankle at 90° relative to the leg. Again, this tendon transfer should be
executed under physiologic tension. This method facilitates a mechanical gain in
dorsiflexion. We typically close the deep subcutaneous tissues with 4-0 Monocryl.
Be sure to avoid the superficial neurovascular structures. Close the skin using 4-0
Prolene. Following K-wire removal, one should emphasize physical therapy for the
patient in order to help resolve any edema and soften the postoperative fibrosis and
scar tissue formation. Emphasize active and passive manipulation of the joints that
underwent surgery. Typically one instructs patients about home exercise programs
they can use to maintain plantarflexion and dorsiflexion at the surgical sites.

In scenarios that involve the great toe individually or in combination, the same
decision and principle should be maintained.

A key component to performing tendon transfer for the correction of digital
deformities is identifying which procedure to perform for the given pathology. Most
digit deformities are associated with an abnormal pull and biomechanics of the
short and long flexors and extensors that have caused the toe or multiple toes to
deform. The goal of the surgery must balance the flexors and extensors in order to
prevent recurrence or continued progression of the deformity. Once the surgeon
removes the deforming force, a recurrence should not occur. If the surgeon appro-
priately addresses the multiplanar digital deformity, he or she should be able to
correct the toe in all planes.

A modified Girdlestone-Taylor procedure can transfer the flexor digitorum lon-
gus tendon to the extensor hood of the proximal phalanx. The modified Hibbs
procedure can decrease the extensor tendon retrograde buckling on the respected
metatarsal in the sagittal plane. Furthermore, this release will assist the surgeon to
mobilize the respected toes out of frontal and transverse plane deformities while
providing excellent exposure to the metatarsophalangeal joint.

Making a sound decision in which procedure or combination of surgical proce-
dures (flexor tendon transfer and/or extensor tendon transfer) to perform is para-
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mount. The foot and ankle surgeon must be able to identify the appropriate
pathological process in order to perform the proper surgical procedure to address
given underlying pathology. Digital deformities present in many ways. The pathol-
ogy can present to an isolated joint of a toe, multiple joints of a toe, a single toe, and
multiple toes, bilaterally, and can also involve other components of pathology such
as an equinus contracture; metatarsals deformities; systemic diseases such as rheu-
matoid arthritis, diabetes mellitus, polio, and Charcot-Marie-Tooth disease; and
other neuromuscular diseases.

For example, a patient may present with heloma dura at the lateral aspect of
proximal interphalangeal joint of the fifth toe (often referred to as a “HD5”). Often
times, this deformity can present with a flexion contracture at the proximal interpha-
langeal joint and/or distal interphalangeal joint. In addition, a varus rotation and a
transverse pull medially can be involved. In presentations such as this, there is no
extensor pathological process involved; therefore, the surgeon would need to make
the decision to address this three-plane deformity involving only the flexion con-
tracture. In a scenario such as this, the surgeon would proceed with a flexor digito-
rum longus tendon transfer to the extensor hood of the proximal phalanx. This will
remove the deforming force of the flexion contracture plantarly, the medial and
transverse pull, as well as the frontal plane rotation. The flexor digitorum brevis
(both the medial and lateral) insertion is removed from the base of the middle pha-
lanx; a capsulotomy is performed at the contracted joints (DIPJ and/or PIPJ) essen-
tially removing the remaining sagittal plane (flexion) deforming forces. This allows
each segment of the toe to realign into a neutral position. Next a K-wire is used to
stabilize the DIPJ and PIPJ. The surgeon should attempt to insert the K-wire from
the distal tip of the distal phalanx to the base of the proximal aspect of the proximal
phalanx keeping the joints in a neutral to slight plantar flexion. Once the toe is fix-
ated and positioned in the desired position, the tendon transfer should be completed
under physiological tension.

In another scenario, a patient may present with an isolated second digit cross-
over hammertoe and plantar plate tear. Typically this involves a three-plane defor-
mity involving both the extensor and flexor tendons along with associated soft
tissue contractures at the metatarsalphalangeal joint, at the proximal interphalan-
geal joint, and possibly at the distal interphalangeal joint. The surgeon would
address this case with an isolated extensor tendon transfer, a complete metatarsal-
phalangeal joint capsulotomy, and flexion tendon transfer. By completing this, all
deforming forces are removed from the respected deformed toe, and the toe should
be able to be placed in the neutral position. Remember, there is no bony pathology
to any segment of the proximal, middle, and distal phalanx in digital deformities —
the digits are deformed because of the soft tissue contractures and malalignment
that occur secondary to chronic abnormal biomechanical pull from the tendon
imbalance. Once the surgeon has adequately reduced the deforming forces, the toe
should be able to retain a neutral position. A K-wire is inserted from the distal
aspect of the distal phalanx across the DIPJ, PIPJ (maintaining a neutral-slight
plantar flexion position) across the metatarsalphalangeal joint and into the base of
the metatarsal. Once the surgeon identifies the “new neutral desired position,” then
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the appropriate tendon transfers are performed under physiologic tension so that the
new insertion of the tendons on the toes provides adequate function to each compo-
nent of the toe.

When performing a modified Hibbs procedure for an isolated crossover ham-
mertoe, one can make an incision that is approximately 2—-3 cm. Begin the incision
at the second metatarsalphalangeal joint, and direct it proximal and lateral parallel
to the long extensor tendon. Deepen the incision in the same plane to the level of the
extensor digitorum longus tendon. Lateral to the extensor digitorum longus tendon
lies the smaller extensor digitorum brevis tendon. Transect the extensor digitorum
longus as far as proximal in the incision site, and transect the extensor digitorum
brevis as far as distal in the incision site. At this time, one can appreciate fantastic
exposure to the second metatarsalphalangeal joint. The exposure of the metatarsal-
phalangeal joint will allow the surgeon to perform a complete release of the con-
tracted and fibrous/deformed capsular tissue, essentially removing all deforming
forces of the metatarsalphalangeal joint. This facilitates the release of all contrac-
tures via sharp and a blunt dissection using a McGlamry elevator, which allows for
anatomic restoration of the metatarsalphalangeal joint. At this time, the toe should
be relaxed into a neutral “limp position” as all the deforming forces of the second
metatarsalphalangeal joint are gone.

Next, attention is directed to the medial aspect of the second digit where one can
perform a modified Girdlestone-Taylor procedure. Use a midline incision approach
on the medial aspect of the toe. We recommend that the surgeon use fine double-
prong skin hooks for retraction in order to avoid soft tissue compromise. Then
deepen the incision in the same plane, taking care to avoid the neurovascular bun-
dles. Carry the incision deep to identify the flexor digitorum longus and trace it
distally to its insertion of the distal phalanx. Detach the distal insertion of the flexor
digitorum longus from the distal phalanx and direct it proximal to the web space.
Proceed to direct the attention to the flexor digitorum brevis tendon where a release
(both the medial and lateral slips) of the flexor digitorum brevis from the base of the
middle phalanx and capsulotomy at the interphalangeal joint (for a flexion contrac-
ture of the proximal interphalangeal joint) is done. If the distal interphalangeal joint
is contracted, perform a capsulotomy there as well. At this time, the deforming
forces are removed from the appropriate joints. The surgeon can place the second
toe into the desired anatomic position and insert a 0.062-inch Kirschner wire to
stabilize and align the digit in the corrected position. Insert the K-wire from the
distal tip of the distal phalanx to the base of the second metatarsal. With all the
deforming forces gone and the digit in the desired anatomic position (in relation to
the metatarsal), suture the flexor digitorum longus to the extensor hood under physi-
ologic tension. It is imperative to suture this under physiologic tension as this tendon
transfer will assist the lumbricales with plantarflexion and allow the toe to purchase
the ground postoperatively.

Direct attention back to the dorsum of the second metatarsalphalangeal joint, and
transfer the distal stump of the proximal end of the extensor digitorum brevis tendon
into the proximal end of the distal stump of the extensor digitorum longus tendon via
a weave graft under physiologic tension. Again, it is important to do this under phys-
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iologic tension in order to allow for the extensor digitorum brevis to dorsiflex the toe.
Essentially, the modified Hibbs procedure allows the patient to maintain dorsiflexion
of the toe but essentially “weakens” the dorsiflexor of the second digit. The modified
Hibbs procedure is indicated for patients who exhibit isolated extensor substitution/
recruitment or global extensor substitution/recruitment to the forefoot. Dorsal sub-
luxations/dislocations at the metatarsalphalangeal joint are frequently linked with
claw toes and hammertoes, including the crossover toe variety.

In scenarios when patients present with global deformities of all toes, the
respected procedures can be done for each involved segment. Again, these proce-
dures can be performed on isolated individual toes or multiple toes. Each segment
of each toe needs to be appropriately assessed.

Outcomes/Case Resolutions

The flexor tendon transfer is reported as the most consistent and successful treat-
ment in eliminating pain and normal function of the MTPJ [18]. Flexor tendon
transfers were first described in the literature by Taylor in 1940 and Girdlestone in
1947. The objective of the procedure is to allow the long flexor to substitute for
intrinsic muscle weakness and provide plantarflexion of the digit along with releas-
ing the plantar contracture at the distal digit allowing extension of the IPJ [22].

Bhatia et al. validated the flexor tendons ability to stabilize the digit at the MTPJ
level in their biomechanical study [18, 23].

In a caderveric study by Ford et al. in 1998, it was found that transfer of the FDL
stabilized the second MPJ similarly to a primary plantar plate repair. In addition,
this stabilization was found to be similar to the stability provided by an intact plan-
tar plate [18].

A finite element analysis of the FDL transfer revealed that the tendon transfer achieves
a strong and sufficient reduction in the dorsal placement proximal phalanx [24].

Boyer and DeOrio treated both flexible and rigid hammertoe deformities utiliz-
ing the flexor tendon transfer with K-wire fixation. They reported an 89% success
rate with no postoperative floating toe [25].

Gadzag and Cracchiolo reported success with the flexor tendon transfer is treat-
ing instability of the second metatarsophalangeal joint in 11/18 patients. All of their
patients achieved postoperative stability and had complete relief of pain [26].

It has been almost 100 years since Hibbs’ original description, which involved
release of all soft tissue structures from the plantar heel and release of the long
extensors with transfer to the lateral cuneiform. Hibbs reported no complications
with the 25 operations that were performed [15]. This was a common procedure in
the 1970s; however, it fell out of favor secondary to postoperative complications.
According to Ruch, complications included flail lesser digits and flexor contractures
at the distal IPJ. There was also little improvement in forefoot equinus visualized
following the procedure [27, 28]. There have been some modifications of the proce-
dure since that time [12].
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Brody and Grumbine reported on 30 patients over a 3.5 year period that were
treated with a combination of extensor transfers and peroneus tertius reconstruction
for flexible claw toe deformities. Good to excellent results were reported in 28/30
patients, or 93.3%. Complications reported included pain, swelling, numbness,
infection, and scarring [29].

Boffeli et al. recently reported on early minimally invasive techniques for CMT
disease. In contrast to our technique, Boffeli describes the long extensor transfer
being performed through a separate 3 cm longitudinal incision. The EDL tendons
were bundled together and then transferred to the lateral cuneiform with an interfer-
ence screw. It was noted for hammertoe correction that tenotomy of the long exten-
sor tendons and capsulotomy at the level of the MTPJ may be adequate in early
stages of the disease process when the deformity is still flexible. A plantar IPJ cap-
sulotomy and flexor tenotomy may be needed for additional correction. They added
that an IPJ fusion of the hallux, PIPJ fusions of digits 2—4, and arthroplasty of digit
5 may be employed as well [30].

Clinical Pearls/Pitfalls

* In terms of advantages with this proposed approach, the scars with the
flexor tendon transfer procedure are located on the medial or lateral aspect
of the respected digit or digits so the procedure leaves a much more cos-
metically pleasing result. There is also a much more natural appearance to
the digits postoperatively. Additionally, no shortening occurs, and the
medial and lateral collateral ligaments remain intact so no frontal plane or
transverse plane complications can occur. The cubic volume of bone is not
altered so instability and shortening cannot occur. Because one limits dis-
section to soft tissue only, the postoperative edema is minimal in relation
to bony procedures. Of note, any resulting bursa, hyperkeratosis, and
ulceration eventually dissipate without specifically addressing them surgi-
cally. This is because the surgeon has corrected the deforming forces and
relieved the abnormal pressures.

» It has been the authors experience when addressing patients who suffer
from plantar plate tears that keeping the treatment simple and direct is best.
The suggested treatment consists of a modified Hibbs procedure to the
specific joint coupled with a flexor tendon transfer. The modified Hibbs
procedure removes the deforming force by releasing the long and short
extensor tendon. This provided excellent exposure to the metatarsalphalan-
geal joint. This should remove all dorsal and transverse and/or frontal
plane deformity from the toe on the metatarsal. The flexor tendon transfer
then will release the flexion contracture of the toe and correct all planes of
deformity. Once this is accomplished, and the tendon transfers are done,
the toe will maintain its position.

* Oftentimes, the authors will be questioned, does the plantar plate need to
be directly repaired? Our experience is no. Once the deforming forces are
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removed and the tendon transfer and balancing of the joint are complete,
the deformity should not occur and the plantar plate will heal itself given
the deformity and the abnormal pressures and position are no longer caus-
ing a pathologic process.

» With the incision placement with these particular procedures, neurovascu-
lar bundles will be readily visible, so gentle retraction with fine skin hook
retractors is vital to prevent complications with wound healing.

» Since there is no work actually performed on the bone itself, there is typi-
cally minimal swelling localized to the digit, postoperatively.

e With the incision of the FDL transfer being placed either medial or later-
ally, the scars are well hidden and allow for excellent cosmesis.

* Since there is no osseous involvement, there is no shortening, translation,
or rotation of a toe.

* Because the collateral ligaments are not invaded with an FDL transfer, this
eliminates the concern of transverse and rotational malalignment.

» With respect to the modified Hibbs procedure, upon skin closure one needs
to pay attention to detail in order to avoid significant scar tissue formation
to the dorm of the foot and aggravation to superficial nerves. Typically the
dorsum of the foot has a thin soft tissue envelope; therefore, the surgeon
must take caution with retraction to protect the dorsal tissues in order to
prevent wound issues.

* Following a Hibbs procedure, patients will have weakness with dorsiflex-
ion power of their digits as well as limited range of motion with dorsiflex-
ion to the involved toes. Following an FDL transfer, the patient will have
increased plantar flexion power to the involved toe at the MTP and
decreased power and limited range of motion of the PIPJ and DIPJ. These
consequences should be discussed preoperatively with the patient.

* As pins are being placed for stabilization in the digits, slightly plantar-
flexing the digit at the PIPJ will help reduce chances for a recurvatum
deformity.

* One must remember to dorsiflex the ankle as the long extensor tendon is
being transferred to the dorsolateral aspect of the midfoot or peroneal ter-
tius tendon under physiologic tension, so it will continue to aid with dorsi-
flexion at the level of the ankle.

* A recurvatum deformity at the level of the PIPJ can be a complication seen
with the FDL tendon transfer procedure. Slight plantar flexion at the PIPJ
when fixated should help reduce the potential complication.

» Patients with progressive, neuromuscular disease may show a recurrence
of the contracture when an isolated arthroplasty procedure is performed;
however, once a tendon transfer is complete, a recurrence should not be
possible as the deforming force is removed.

* By avoiding osseous procedures on the phalanges such as an arthroplasty,
one can avoid instability from decreasing the cubic volume of bone that is
removed. This loss of cubic volume of bone can cause destabilization to
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the respective joint. In addition, the secondary skin changes and edema can
be diminished and potentially avoided.

* By not performing arthrodesis of the IPJ, one can avoid shortening, as well
as malalignment of the transverse, sagittal, and frontal plane. Additionally,
the long-term sequela of secondary skin changes and postoperative edema
can be minimized and/or avoided.

* The authors suggest using an Allis clamp and small mosquito hemostats on
the tendons. The Allis clamps are used to coordinate the extensor digito-
rum brevis tendonsinto the distal portion of the extensor digitorum longus
tendon with the transfer. The mosquito hemostat is used to coordinate the
proximal portion of the extensor digitorum longus tendon into the peroneal
tertius or midfoot. Additionally, the use of the two distinct clamps assists
in keeping the tendons organized throughout the dissection and transfer.

* Lastly, if complications with a tendon transfer do occur, the surgeon always
has the ability to proceed with a bony procedure if needed.

Case 1

Photo 16.1 A preoperative
AP radiograph
demonstrating well-
maintained
metatarsalphalangeal joints
1-5 and flexion
contractures of the
proximal interphalangeal
joints 1-5. Note the flexion
contracture of the distal
interphalangeal joint too as
well as varus rotation of
the third, fourth, and fifth
toes
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Photo 16.2 A lateral
preoperative radiograph
demonstrating flexion
contracture at the interpha-
langeal joints

Photo 16.3 An
intraoperative AP view
following the performance
of a flexor digitorum
longus tendon transfer of
second, third, fourth, and
fifth toes as well as a flexor
hallucis longus tendon
transfer of the great toe.
The toes are out to their
natural length; each joint is
preserved and well
maintained
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Case 2

Photo 16.1 A clinical view
of a patient who had
previous surgery for
hammertoe correction
surgery done on the second
and third toe. The patient
now presents with a
recurrent hammertoe of the
second and third toe with the
addition of hammertoe pain
of the lesser toes

Photos 16.2 and 16.3 An AP and medial oblique preoperative radiograph demonstrating ham-
mertoe deformities 2—5. Please note there is some medial pulling of the distal aspect of toes 3, 4,
and 5
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Photo 16.4 Postoperative view of this
patient who underwent an extensor
digitorum brevis to extensor digitorum
longus tendon transfer coupled with a
flexor digitorum longus tendon
transfer of the second toe. This patient
also had a flexor digitorum longus
tendon transfer of the third, fourth,
and fifth toes too

Photos 16.5 and 16.6 Clinical and radiographic postoperative following extensor digitorum bre-
vis to extensor digitorum longus tendon transfer coupled with a flexor digitorum longus tendon
transfer of the second toe. This patient also had a flexor digitorum longus tendon transfer of the
third, fourth, and fifth toes too. Note on photo 6 how the toes lay more in a more neutral position
and all the joint spaces are maintained
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Case 3

Photo 16.1 An AP radiograph of
a patient who had previous
bunionectomy and second
hammertoe correction where an
arthroplasty of the proximal
interphalangeal joint of the
second toe was done. Note the
dorsal dislocation of the base of
the proximal phalanx on the
second and third toes on the
second and third metatarsals. The
patient presents with a recurrent
bunion and second hammertoe

Photo 16.2 This suffers
from a recurrent bunion
and second hammertoe and
a plantar plate tear of the
second and third
metatarsalphalangeal joint
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Photo 16.3 An intraoperative AP view demonstrating post bunion reduction, K-wire fixation of sec-
ond and third toes. This patient underwent and extensor digitorum brevis to extensor digitorum lon-
gus tendon transfer coupled with a flexor digitorum longus tendon transfer of the second toe and third
toe. In this view, an Allis clamp is visualized from a lateral approach which would be holding the
flexor digitorum longus tendon prior to transferring the flexor digitorum longus to the extensor hood

Photo 16.4 A
postoperative AP view
demonstrating post
Lapidus bunionectomy and
hammertoe correction of
the second and third toes.
This patient underwent a
Lapidus bunionectomy and
extensor digitorum brevis
to extensor digitorum
longus tendon transfer
coupled with a flexor
digitorum longus tendon
transfer of the second toe
and third toe for the plantar
plate tears and hammertoe
deformities
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Case 4

[——

Photos 16.1 and 16.2 An AP preoperative and lateral X-ray demonstrating a large hallux abducto
valgus deformity along with a crossover hammertoe. An MRI demonstrates a plantar plate tear of
the second metatarsalphalangeal joint

Photo 16.3 A postoperative AP
view demonstrating post Lapidus
bunionectomy and hammertoe
correction of the second toe. This
patient underwent an HAV
reduction via a Lapidus
bunionectomy and extensor
digitorum brevis to extensor
digitorum longus tendon transfer
coupled with a flexor digitorum
longus tendon transfer of the second
toe for the plantar plate tear and
hammertoe deformity
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Photos 16.4 and 16.5 Postoperative clinic views demonstrating post Lapidus bunionectomy and
hammertoe correction of the second toe. This patient underwent an HAV reduction via a Lapidus
bunionectomy and extensor digitorum brevis to extensor digitorum longus tendon transfer coupled
with a flexor digitorum longus tendon transfer of the second toe for the plantar plate tear and ham-
mertoe deformity

Case 5

Photo 16.1 A preoperative clinic view
of a diabetic patient who gets a recurrent
ulcer at the dorsal aspect of the
interphalangeal joint of the hallux
secondary to a dynamic flexor
contraction during gait
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Photos 16.2 and 16.3 Intraoperative AP and lateral views demonstrating K-wire fixation follow-
ing a flexor hallucis longus tendon transfer of the great toe. The tendon transfer removes the under-
lying cause of a flexion contracture. Note the interphalangeal joint is reduced and well maintained

Case 6

Photos 16.1 and 16.2 AP and medial oblique radiographs demonstrating hammertoe deformities
of digits 2, 3, 4, and 5. This patient also has a plantar plate tear of the second and third metatarsal-
phalangeal joint
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Photos 16.3 and 16.4 Clinical views of this patient who suffers from bilateral hammertoe defor-
mities, plantar plate tears, and painful plantar lesions of the foot secondary to severe hammertoe
deformities and plantar plate tears

Photo 16.5 An intraopera-
tive view of a modified
Hibbs being performed to
correct the severe hammer-
toes 2-5 and plantar plate
tears/ deformities of the
second and third metatarsal-
phalangeal joint
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Photo 16.6 An AP postoperative
X-ray demonstrating good
anatomic alignment following a
Lapidus arthrodesis (to stabilize
the first tarsal-metatarsal joint)
and a modified Hibbs and flexor
tendon transfer of toes 2-5. Note
that the metatarsalphalangeal
joints as well as the
interphalangeal joints are well
aligned and reduced appropriately

Case 7

Photos 16.1 and 16.2 An AP X-ray and clinical view of a rheumatoid patient who underwent an
arthrodesis of the first metatarsalphalangeal joint along with a modified Hibbs and flexor tendon
transfer of toes 2-5
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Case 8

Photos 16.1 and 16.2 A clinical photo demonstrating marked flexion contracture at the proximal
interphalangeal joints of toes 2-5. A pre-op AP X-ray demonstrating flexion contractures at the
proximal interphalangeal joints 2-5. Please note the well-maintained joint space at the metatarsal-
phalangeal joint demonstrating a lack of pathological changes at metatarsalphalangeal joints 2—5

Photo 16.3 An intraoperative AP X-ray demonstrating correction of the flexion contractures at the
proximal interphalangeal joints 2-5 via flexor tendon transfers. Note there is no loss of cubic vol-
ume of bone, the interphalangeal joints are stabile as the medial and collateral ligaments were left
intact, and the joint spaces of the metatarsalphalangeal joints, PIPJ and DIPJ, are all maintained
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Case 9
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Photos 16.1 and 16.2 Preoperative clinical views of a neuropathic patient who experiences recur-
rent ulcers secondary to multiple plane digital deformities and a hallux valgus deformity

Photo 16.3 An intraoperative
view while performing the
modified Hibbs procedure. This
view demonstrates the distal
stump of extensor digitorum
longus tendons 2, 3, and 4 being
held by Allis clamps placed in
the first, second, and third web
spaces, respectively. The
proximal portion extensor
digitorum brevis tendons 2, 3,
and 4 are reflected proximal and
held by Allis clamps. Mosquito
hemostats are holding the
proximal portion of the extensor
digitorum longus tendons 2 and
3. In this photo a Mosquito
hemostat is not holding the fourth
extensor digitorum longus
tendon. The fifth extensor
digitorum longus tendon is being
held within the pickups
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Photo 16.4 An intraopera-
tive view while performing
the modified Hibbs
procedure demonstrating the
access the surgeon has to
the metatarsalphalangeal
joints. In this photo, the
second metatarsal head is
exposed

235




236 L. A. DiDomenico et al.

Photo 16.5 An intraopera-
tive view of performing a
flexor digitorum longus
transfer on the lateral aspect
of the second toe. The flexor
digitorum longus tendon is
identified and the soft
tissues are freed from the
tendon

Photo 16.6 An intraoperative view while performing the modified Hibbs dissection and comple-
tion of flexor tendon transfer of digits 2, 3, 4, and 5. Note the toes are placed in the desired ana-
tomic position and the extensor tendons are now being transferred. In this photo a vasectomy
clamp is within the distal stump of the second extensor digitorum longus tendon and to receive the
proximal stump of the second extensor digitorum brevis tendon being held by the an Allis clamp
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Photos 16.7 and 16.8 A postoperative AP and lateral X-ray demonstrating good anatomic align-
ment following an arthrodesis of the first MTP, a modified Hibbs procedure of digits 2-5, flexor
tendon transfers 2-5

82 |

.
.

08.08.2012 13

3

Photos 16.9 and 16.10 Postoperative clinical views following an arthrodesis of the first MTP, a
modified Hibbs procedure of digits 2-5, flexor tendon transfers 2-5
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