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FOOT FLAPS

SMALL MUSCLES

OF THE FOOT

ABDUCTOR HALLUCIS AND
FLEXOR DIGITORUM BREVIS

ANATOMICAL
CONSIDERATIONS

Surface Markings
The abductor hallucis muscle is located on the medial
aspect of the foot and parallels the first metatarsal bone.
It 1s easily palpated and consistent in its location. The
flexor digitorum brevis (short flexor) muscle fans out
from the midportion of the os calcis and parallels the
long flexor tendons in its course to the toes.

Origin and Insertion

The abductor hallucis muscle originates from the medial
aspect of the calcaneus and is adherent to the first meta-
tarsal bone throughout its length. The muscle inserts
into the medial condyle of the proximal phalanx of the
great toe. The short flexors originate from the medial
process of the calcaneus as well as from the plantar
fascia. These small muscles individually insert into the
middle phalanges of the second through fifth toes. Both
the abductor hallucis and the short flexor muscles are
completely expendable from a functional standpoint.

Adjacent Muscles

Although the abductor digiti quinti muscle may be
large enough to use as a muscle flap, the adequacy
of its volume must be confirmed by exploration. It
can be used to cover a small lateral heel defect, if it
is converted into a pure ‘‘island’’ flap, but it certainly
does not reach the dorsum of the foot nor the lateral
malleolus as has been diagrammatically suggested by
others. An ‘‘island’ extensor digitorum brevis mus-
cle flap usually can be transposed from the dorsum
of the foot to the lateral malleolus, but the length of
the vascular leash is variable.

Vascular Pattern
As expected from their anatomical locations, the ab-
ductor hallucis muscle is supplied only by the medial
plantar vessels, while the flexor digitorum brevis muscle
1s supplied by both the medial and lateral plantar vessels.
The abductor hallucis muscle has a secondary vascular
leash which penetrates the midportion of its muscular

belly, but this can be sacrificed without fear of harm to
its viability.

Motor Nerve
Medial plantar nerve.

Sensory Nerve
Medial plantar nerve.

USES

The abductor hallucis and the flexor digitorum brevis
muscles are the two muscles which are consistently
available for the transposition in the foot. These two
muscles have limited arcs of rotation and can only be
used to close small wounds, but they are quite helpful
in certain situations. They have the added benefit of
maintaining some pressure sensibility which is important
in the ambulatory patient. They can also be used to
augment the viability of local flaps of sole skin. For the
most part the flexor digitorum brevis muscle flap is used
for heel coverage and the abductor hallucis muscle flap
is used for defects which lie between the medial mal-
leolus and the heel. Neither muscle will consistently
reach the Achilles area nor the flair of the medial
malleolus.

REGIONAL FLAP
COMPARISONS

These muscle flaps are best compared to the dorsalis
pedis axial flap and the vascularized sole flap, which
may or may not include the short flexor muscles.
These cutaneous flaps offer the distinct advantage of
providing surface sensibility but their donor sites usu-
ally require a skin graft. The dorsalis pedis flap pro-
vides the most predictable coverage for the medial
and lateral malleolt which are beyond the reach of
the small muscles of the foot. The dorsalis pedis flap
1s similarly useful for innervated heel coverage when
the arterialized sole flap is unavailable. Unlike any
other local foot flap, the “‘island’” dorsalis pedis flap
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can reach the Achilles tendon area. In children up to
the age of ten, an ipsilateral buttock flap can be used
because the knee joint in young children can be im-
mobilized for two to three wecks and then rapidly
remobilized. The denor site of this flap is good, but
the gymnastics of the flap manipulations are not well
tolerated by even young patients.

Although ‘‘free’” microvascular transfers should al-
ways be considered as an option for these difficult foot
defects, there are several unsolved problems. Flap vi-
ability is only 85% to 95% in good hands, usually be-
cause of the unsatisfactory nature of the recipient ves-
sels. “‘Free’” sensory innervated skin flaps have also
been disappointing in the quality of their sensibility,
which has generally not been good enough to protect
the flap from late ambulatory loss. *‘Free’’ muscle trans-
fers seem to be more durable than “‘free’” skin transfers,
even though they are less sensate. The conventional
explanation for this is that the *‘shear’’ effect, which is
normally prevented by the fibrous septa of heel skin, is
more damaging to transferred subcutaneous fat than it
is to transferred muscle. The ‘‘free’”’ muscle transfer
does become densely adherent to the os calcis, and per-
haps this helps cushion any damaging “‘shear.”” There
is little doubt that ‘‘free’’ transfers will become routine
procedures in the future, but their anticipated advantages
over local flaps have not yet been realized.

DISADVANTAGES

These transposed intrinsic muscles of the foot do not
carry normal surface sensibility and they must be cov-
ered with a skin graft. Their dissection is tedious because
they are intertwined with the sensory nerves of the sole
of the foot. It should be recognized that they cover only
small defects and certainly do not reach the dorsum of
the foot nor the malleoli. These small muscles are fre-
quently too atrophic to be usable at all in the denervated
foot.
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ADVANTAGES

The intrinsic muscles of the sole of the foot find their
primary applications in the correction of heel ulcerations
or in osteomyelitis of the os calcis. Even though their
dissection is difficult, they provide a much simpler op-
eration than most of the usual alternatives, such as the
dorsalis pedis flap or a ‘‘free’” microvascular transfer.
Even though the local ‘‘island’” cutaneous flaps provide
better sensibility, these small muscle flaps maintain enough
deep pressure sensibility to protect the walking surfaces
of the foot.

COMPLICATIONS, PITFALLS,
AND DONOR SITE

The safe dissection of these muscles depends on ade-
quate exposure. In general a direct incision over the
muscle belly is the most expeditious choice. Fortunately,
the resulting scar is well tolerated in normal ambulation.
The elevation of the abductor hallucis muscle is straight-
forward since it is primarily a dissection of the muscle
away from the first metatarsal bone and the medial plan-
tar nerve. The short flexors are more difficult to elevate
because they need to be carefully separated from the
intertwined digital nerves. The plantar fascia should al-
ways be elevated with the short flexors, to provide a
fascial layer for suturing and to hold the small muscles
together as a cohesive unit.

The donor site is inconsequential, unless a skin
graft is required. The plantar skin flap donor site can
frequently be primarily closed if enough of the os calcis
is removed, but it is usually necessary to place a skin
graft on the non-weight-bearing surface of the foot. The
remaining weight-bearing skin will usually cornify and
thicken enough to protect the ambulatory foot. The com-
pound myocutaneous flap is preferred in the denervated
foot since the small muscles of the foot may be atrophic
to the point that they are difficult to identify.
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1

Midline plantar incision for retrieval of
the flexor digitorum brevis muscle in a
cadaver.
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.
The plantar fascia is left attached to the
surface of the flexor digitorum brevis
muscle. Note how the muscle fans out
from its os calcis origin to the distal
insertion.
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3
Short flexors transposed to the heel. The

plantar nerves and vessels are protected in
the course of the flap elevation.
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Chronic osteomyelitis of the os calis in a
fifty-seven-year-old male. Multiple de-
bridements fatled to correct the osteomye-
litis, and the skin-grafted heel was subject
to constant ulceration. (Case of P.G.
Arnold)

5

The short flexors are exposed through a
midline plantar incision. The plantar fas-
cia is left attached to the muscle.



FOOT FLAPS

[i] 7

Short flexor muscle transposed to the Appearance of the flexor digitorum brevis
heel. Note the medial and lateral plantar muscle flap after forty-eight hours. at the
nerves and vessels above the lymbrical time of skin grafting.

muscles and long flexor tendons.
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8

Eighteen months following the closure.
The osteomyelitis has not recurred, and
the patient has been able to work as a
machinist without further ulceration. Note
the midline donor site scar.
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9

The usual incision for the retrieval of the
abductor hallucis muscle is demonstrated
in a cadaver.
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10

The abductor hallucis muscle is retracted
superiorly. The short flexor muscle 1s ex-
posed by retracting the plantar fascia
inferiorly.
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11
The small abductor hallucis muscle barely
reaches the medial malleolus.
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12

Posterior rotation of the abductor hallucis
muscle. The size of this intrinsic muscle
1s variable and must be determined at
exploration.
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13

Ostecomyelitis of the os calcis ina thirty-
fowr-year-old wrline ptlot. The defect wiil
be extended anteriorly to expose the ub-
ductor hallucts muscle. (Case of P.G.
Arnold)

14

Elevated abductor hallucts muscle flap.
The punched outl sequestrectomy defect of
the os calets 1s seen centrally.
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15
Muscle flap transposed into the bony
defect.

16

Appearance of the muscle flap at the time
of delayed skin grafting.
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17

Five years following surgery. The patient
wears a normal shoe, and the wound has
remained healed for eight years.
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18
Resected hemangiopericytoma of the heel
in an eight-year-old girl. (Case of J.B.

McCraw)

19

Retracted abductor hallucis muscle.
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20
Abductor hallucis muscle transposed
posteriorly.
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21

Skin-grafted muscle tlap at four months.
The full-thickness skin graft was har-
vested from the groin. Good pressure sen-
sibility has been maintained in the muscle
flap.
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22

Fifty-year-old diabetic female with osteo-
myelitis of the proximal first and second
metatarsal bones following a deep plantar
abscess. (Case of P.G. Arnold)

23

Elevated abductor hallucis muscle. The

debrided distal sole wound will be skin

grafted. The muscle flap will be used to
obliterate the proximal metatarsal bone

defects.
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24 25

Abductor haltlucis muscle transposed over The osteomyelitis has not recurred. and
the base of the second metatarsal bone. the wound has remained healed tor six
Skin grafting was delaved for forty-eight years.

hours.
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27
The anterior surfaces of the metatarsal
bones were destroyed by the lawnmower
blade. There was no loss of the dorsal
foot skin.

26

Open fractures of the first and second
metatarsal bones from a riding lawn-
mower injury. (Case of J.B. McCraw)
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28

Abductor hallucis muscle etevated to
cover the dorsal surface of the metatarsal
bones. An immediate muscle flap was
used to revascularize the contaminated
fractures.

29
Transposed muscle flap. The fractures
were stabilized with Kirschner wires.

617



FOOT FLAPS

30

Healed wound at one year. The patient
returned to normal activities.
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K] |

Cadaver dissection of the compound
flexor digitorum brevis sole tlap. which is
based on the medial plantar artery and
nerve. The posterior tibial nerve and ves-
sels are first identified in the *“tarsal tun-
nel”” prior to elevation of the short flexor
muscle and the sole skin.
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32

The compound flap is elevated with the
plantar fascia and the flexor digitorum
brevis muscles. Note the branch of the
medial plantar nerve which enters the flap

medially.
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J

33
Transposition of the “‘island”” flap to the
heel as a sensory innervated flap.

3
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34

The “‘island™ flap will reach the medial
malleolus.

622



_ FOOT FLAPS

35 36

Fifty-nine-year-old paraplegic with a The short flexor muscles were first ro-
longstanding pressure sore of the heel. tated into the os calcis defect. The inner-
Qutline of the medial plantar flap. (Case vated medial plantar fasciocutaneous flap
of P.G. Arnold) was used for the overlying surface cover-

age of the heel.
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37 38

A meshed skin graft was used to cover Four months following the closure. The
the donor site. In an ambulatory patient flap and the donor site skin graft have re-
more of the lateral weight-bearing surface mained healed for six years.

of the foot would have been left in the in-
step area, but this was not a consideration
in this paraplegic patient.

624



40

FOOT FLAPS

Appearance after one debridement of the
heel ulcer. A laterally based flap was
chosen because of the medial location of
the heel defect.

39

Osteomyelitis of the os calcis in a sixty-
two-year-old diabetic patient with ex-
tremely poor sensation in the sole of the
foot. The patient had been hospitalized
elsewhere for over seven months for this
heel problem, and multiple skin grafts
had failed. (Case of J.B. McCraw)
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41 42

The sole flap included the lateral plantar Primary wound closure was possible be-
vessels and nerve, which are visible near cause of the extensive removal of the os
the lateral aspect of the flap. It was nec- calcis.

essary to excise approximately one-half of
the os calcis in order to eradicate the
osteomyelitis.
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43

The lateral view demonstrates the reduced
volume of the os calcis. The os calcis re-
section had no significant effect on ambu-
lation with the use of special shoes. The
osteomyelitis has not recurred during the
six year follow-up pertod.
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