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Outpatient percutaneous flexor tenotomies for
management of diabetic claw toe deformities
with ulcers: a preliminary report

Eran Tamir, MD;” Ann-Marie McLaren, DCh, BSc;T Anirudh Gadgil, MD;* Timothy R. Daniels, MD$

Objective: To retrospectively review the outcomes of percutaneous flexor tenotomies of diabetic claw toes
with ulcers or pending ulcers. Methods: We undertook a retrospective chart review between January 1999
and June 2005 to identify those patients who had undergone a percutaneous flexor tenotomy for diabetic
claw toe deformities. We identified 34 toes in 14 patients. Of these, 24 toes had ulcerations at the terminal
aspect and 3 had radiographic evidence of osteomyelitis of the terminal phalange. All patients had palpable
pulses and good capillary refill. A percutaneous flexor tenotomy was performed on all toes in an outpatient
clinic; patients with a rigid flexor contracture at the proximal interphalangeal joint underwent an osteoclaysis
to correct a portion of the deformity. Results: The average follow-up was 13 months. All patients with ul-
cers healed and there were no significant complications. Those without osteomyelitis healed within an aver-
age of 3 weeks and those with osteomyelitis healed within an average of 8 weeks. Conclusion: A percuta-
neous flexor tenotomy with osteoclasis of the proximal interphalangeal joint performed in an outpatient
clinic is a safe and effective method to off-load the tip of the toe so that that ulcer healing can occur. The
presence of osteomyelitis is not a contraindication for this technique; however, an increased healing time can
be expected.

Objectif : Etudier rétrospectivement les résultats de ténotomies percutanées du fléchisseur de Porteil en
griffe de diabétique avec ulceres ou ulceres imminents. Méthodes : Nous avons entrepris une étude rétro-
spective de dossiers datant de janvier 1999 a juin 2005 afin d’identifier les patients qui avaient subi une
ténotomie percutanée du fléchisseur a cause de difformités de I’orteil en griffe de diabétique. Nous avons
trouvé 34 orteils chez 14 patients. Sur ce total, 24 orteils avaient des ulceres a la face terminale et dans
trois cas, la radiographie indiquait une ostéomyélite de la phalange terminale. Tous les patients avaient un
pouls palpable et un bon remplissage capillaire. On a procédé en service externe a une ténotomie percu-
tanée du fléchisseur sur tous les orteils. Les patients qui avaient une contraction rigide du fléchisseur a I’ar-
ticulation interphalangienne proximale ont subi une ostéoclasie visant a corriger une partie de la difformité.
Résultats : Le suivi moyen a été de 13 mois. Tous les patients qui avaient des ulcéres ont guéri et il n’y
avait plus aucune complication importante. Ceux qui n’avaient pas d’ostéomyélite ont guéri en trois se-
maines en moyenne et ceux qui en avaient une, en huit semaines en moyenne. Conclusion : La téno-
tomie percutanée du fléchisseur avec ostéoclasie de I’articulation interphalangienne proximale pratiquée en
service externe constitue une fagon stire et efficace d’éliminer la charge au bout de lorteil afin que 'ulcere
puisse guérir. La présence d’une ostéomyélite ne constitue pas une contre-indication pour cette technique,
mais on peut s’attendre a ce que la guérison prenne plus de temps.

law toe deformities are common  dysfunction of the interossei and  metatarsophalangeal joint and flexor

among people who have had di-  lumbricals. The unopposed action of ~ contractures of the distal or proxi-
abetes for more than 10 years."* The  long extensors and flexors results in ~ mal inter-phalangeal joints, or both
diabetic motor neuropathy causes a hyperextension deformity of the  (Fig. 1).
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The intrinsic-minus (claw) deformity
of the toes can lead to increased pres-
sure, precipitating ulceration beneath
the metatarsal head, over the dorsum of
the proximal interphalangeal joint and
at the tip of the affected toe. Conserva-
tive options such as supportive shoe
wear and orthotics can help off-load the
dorsal and plantar aspects of the toes.
The shoe should have a rigid shank with
forefoot rocker, a high toe-box and a
soft upper with no internal seams. The
orthotic should be supportive, with a
soft covering layer and a metatarsal
pad. However, despite appropriate
nonoperative measures, the ulcers
caused by claw toe deformity can still
occur and be difficult to heal. Persis-
tent ulceration can lead to os-
teomyelitis of the phalanges and
metatarsal heads (Fig. 2A and 2B).
Correction of the claw toe deformity is
essential for ulcer healing. A percuta-
neous tenotomy of the long flexors
with osteoclasis of the proximal inter-
phalangeal joint can be performed on
an outpatient basis and will aid in the
rapid healing of digital ulcers.”

The current study is a retrospective
review of percutaneous flexor teno-
tomies performed in an outpatient
clinic in patients with diabetes, claw
toe deformities and digital ulceration.

Methods

We retrospectively reviewed the charts
of patients with diabetes treated at the
High Risk Foot Clinic of St. Michael’s
Hospital in Toronto, Ontario, be-
tween January 1999 and June 2005.
All the patients had a claw toe defor-
mity and ulcer at the tip of the distal
phalanx of 1 or more toes and under-
went flexor tenotomy.

The indication for flexor tenotomy
was a flexible or mild-to-moderate
rigid claw toe with an ulcer at the tip
of the distal phalanx. Contraindica-
tions for the procedure were absence
of palpable dorsalis pedis and poste-
rior tibial pulses and significant soft
tissue infection presenting as cellulitis.
Osteomyelitis of the distal phalanx
was considered present when there
was bone resorption or fragmentation
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FIG. 1. Toe anatomy and changes with a claw toe deformity.
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on radiograph and the ulcer probed
to bone.

All tenotomies were performed by
the senior author (T.D.), who used
the technique described.

Technique for percutaneous flexor
tenofomy

The patient lies supine on the exami-
nation table with his or her feet at the
lower edge of the bed. Precautions to
ensure sterility are always followed.
For a digital block, 5 mL of lidocaine
may be used; however, in diabetic pa-
tients with sensory neuropathy, this is
often not necessary. The long flexor
of the toe is placed under tension
by dorsiflexing the ankle as well as
applying pressure over the plantar as-
pect of the metatarsal head with the
thumb and passively extending the
metatarsal. The toe is maintained in a
flexed position to cause bow stringing
of the flexor tendon (Fig. 3). A beaver
blade is inserted at the midline of the
base of the middle phalanx through a
tiny puncture wound. The tendon can
be felt with the tip of the blade and
must be gently cut by careful side-to-
side micromovents of the blade tip
without straying medially or laterally
to avoid injury to the neurovascular
bundles. If the deformity is rigid, the
toe is hyperextended at the proximal
interphalangeal joint (osteoclasis).
Pressure is applied with dressing
gauze for several minutes and a sterile
dressing applied over the stab wound.
The patient is allowed to bear weight
in his or her normal shoes, and daily
dressings of the ulcer are maintained.

The patient is examined within
1 week to ensure that the stab wound
is healing satisfactorily and then at
regular intervals until the toe ulcers
have healed.

Results

Flexor tenotomy was performed on
34 toes in 14 patients with type 2 di-
abetes mellitus, of whom 8 were men
and 6 were women. The average age
of the patients was 58 years (range
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37-79 y). Of the claw toes, 24 had
ulceration at the tip of the distal pha-
lanx, and of these, 3 demonstrated
radiological evidence of underlying
osteomyelitis. As a prophylactic mea-
sure, flexor tenotomy was also per-
formed on 10 claw toes that did not
have ulcers but that were at risk of
ulceration. Six procedures were done
on the first toe (4 with ulceration
and 2 without), 11 on the second
toe (8 with ulceration and 3 with-
out), 11 on the third toe (7 with ul-
ceration and 4 without), 6 on the
fourth toe (5 with ulceration and
1 without) and none on the fifth toe.

The 24 ulcers without osteomyelitis
healed within 3 weeks of flexor
tenotomy. The 3 ulcers with associ-
ated osteomyelitis healed within
8 weeks. These ulcers had been pre-
sent for an average of 11 months
(range 3-24 mo) before tenotomy.
There were no serious complications
following the procedure. One pa-
tient had minor serous oozing from
the stab wound postoperatively, but
the wound healed within 2 weeks.
Average follow-up was 13 months
(range 3-27 mo, standard deviation
7 mo). After the procedure, none of
the 14 patients had a recurrence of
the ulcer, nor did any patient de-
velop a hyperextension deformity of
the proximal interphalangeal joint or
ulceration beneath the correspond-
ing metatarsal head.

Discussion

In the toe, interossei and lumbricals

normally flex the metatarsophalangeal
joint and extend the proximal and dis-
tal interphalangeal joints. The action
of the intrinsic muscles is opposed by
the action of the long extensor and
flexor tendons; hence, the toe remains
balanced. In patients with diabetes,
motor neuropathy can cause dysfunc-
tion of the interossei and lumbricals
muscles.'”"” The unopposed action of
the extensor digitorum longus ex-
tends the metatarsophalangeal joint
and the flexor digitorum longus flexes
the interphalangeal joints (Fig. 1)
causing a claw toe deformity.*"

When the toe is clawed, increased
pressure and shear forces occur be-
tween the skin at the tip of the toe
and the inner sole of the shoe." In
the presence of diabetic sensory neu-
ropathy, protective sensation is lost.
Therefore, the patient continues to
allow the toe to be subjected to ab-
normal forces even when an ulcer de-
velops. For this reason the ulcers on
the tips of the claw toes become re-
calcitrant. Tendon sheath infections,
cellulitis and osteomyelitis can further
complicate the situation, and toe am-
putations may even be required.

Tenotomy of the long flexor does
not always completely correct the
claw toe deformity, but it oft-loads
the pressure over the terminal aspect
of the toe sufficiently to allow ulcers
to heal and to prevent recurrence.

In our cohort of patients, 100% of
the ulcers, including the recalcitrant
ones, rapidly healed after flexor teno-
tomy; in the 10 toes that had prophy-
lactic tenotomies, no ulcer occurred.

FIG. 2. Left: Patient with a 15-year history of diabetes. Patient has a high arched foot
with equinus contracture and clawing of the lesser toes. These subtle deformities
have been precipitated by the motor neuropathy. Right: Ulceration at tip of a toe
caused by a claw toe deformity.

Flexor tenotomy can be performed
in a clinical setting, often without a
digital nerve block in patients with di-
abetes and sensory neuropathy. The
patients are particularly pleased about
the fact that they can continue to am-
bulate in their regular footwear.

We found this procedure to be ef-
fective and safe, with no significant
complications. Careful screening to
ensure adequate blood flow is an es-
sential component in the evaluation
of the patient.

Radiographic evidence of osteo-
myelitis of the distal aspect of the distal
phalanx is not a contraindication for
flexor tenotomy. In this series, the 3 ul-
cers associated with osteomyelitis re-
solved with flexor tenotomy and antibi-
otic treatment; however, the average
healing time was longer than for ulcers
without osteomyelitis (3 wk v. 8 wk).

This is a preliminary retrospective
study with chart review; therefore,
the intermediate or long-term out-
comes of a flexor tenotomy cannot
be determined. Currently, a prospec-
tive trial with force plate analysis has
been initiated.

Conclusion

Percutaneous flexor tenotomy is a
safe and effective procedure that can
be performed in a clinical setting. It
aids in rapid healing of recalcitrant

FIG. 3. Foot prepped and draped in the
clinic. The ankle is dorsiflexed to neu-
tral, the toe is held in extension at the
metatarsophalangeal joint and flexion
at the proximal interphalangeal joint to
create bowstringing of the flexor ten-
don. This improves the surgeon’s ability
to isolate the tendon while performing
the percutaneous flexor tenotomy.
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ulcers on the tips of the claw toe de-
formities in diabetic patients.
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