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Paralysis of the common peroneal nerve
is a fairly common occurrence in leprosy;
it is shown by foot drop similar to that seen
in traumatic paralyses, the treatment of
which has posed the same problems that
have been solved by three types of surgi-
cal operation, viz., (1) modified arthrodesis
of Lambrinudi-Boppe ('* =), (2) transfer
of the posterior tibial tendon to the tarsus,
and (3) reactivation of the dorsiflexors of
the foot.

The operation of Lambrinudi-Boppe has
been performed by many workers, among
them ourselves, right from the beginning ot
what may be called the surgical era of lep-
rosy. For several years this has been the
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operation of choice in paralyses of the com-
mon peroneal nerve, but its disadvantages
are now well recognized. Actual study
of the results of operation made by
Meary (*%) with respect to 48 cases, by
MacKenzie ('*) with respect to 100, and
by Clawson and Seddon (') with respect
to 329, reveals a high proportion of failures,
such as recurrence of the drop foot, yield-
ing of the external tibio-astragaloid liga-
ments, and joint damage. To these seque-
lae, there is added in the case of leprosy
the presence of trophic effects due to co-
existing damage to the nerves of the foot,
which, in several of our observations, has
been the cause of inadequate bone fusion,
delayed skin healing, and chronic draining
sinuses. These considerations have led to
abandonment of this procedure by most
authors in favor of tendon transfer.
Transfer of the tendon of the tibialis
posterior, suggested for leprosy by Fritschi
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and Brand ('") and then by Gunn and
Molesworth (%), is generally carried out
by the interosseous route, as suggested by
Watkins and associates (*') rather than by
the circumtibial route of Ober. One of us
(P.B.) has performed this operation six
times, but besides the difficulty of selecting
the exact point for the bony implantation,
so as to avoid medial or lateral deviation
of the foot, in two of our cases the trophic
condition of the bones was the cause of
loosening of the intraosseous suture (Fig.
1), a result seen also by Ross and Mac-
Lean (*'). Furthermore, this operation,
like that of Lambrinudi, ignores the fate of
the toes and is contraindicated where there
are trophic abnormalities in the bones of
the posterior portion of the tarsus, as re-
called by Sanchez-Beaujon (**), who, it
may be noted, performs this transfer by re-
secting the fibula subperiosteally for 3 or
4 cm. so as to increase the range of move-
ment.

From 1953 on, one of us (A.C.) (')

has performed a tendon reactivation simi-
lar to those in use in the upper limb in the
case of radial paralysis. After being passed
through the interosseous membrane, the
tendon of the tibialis posterior muscle is
joined to that of the tibialis anterior, and
the tendon of the flexor digitorum longus
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is joined to the extensor hallucis longus and
to the extensor digitorum longus tendons.
The nerve damage in the lower limb seen
in leprosy picks out the trunk ol the com-
mon peroneal nerve, while the posterior
tibial nerve is unaffected; this allows the
use of the muscles innervated by the latter
nerve as reactivators.

We published the first results of our ex-
perience (5% ') and the good results ob-
tained by this method allow us now to
suggest it as the routine treatment in all
cases of nerve-trunk paralysis of the com-
mon peroneal nerve in leprosy. It thus
would seem useful, in our eyes, and in the
light of experience in 26 cases, to recount
the exact technic and the indications for
the operation,

TECHNIC
( Mustrated in Fig, 2)

The operation is performed with a pneu-
matic tourniquet applied to the thigh. A
vertical incision 8 em. long is made 2 cm.
behind the posterior medial border of the
tibia in the lower third of the leg, ending
at the level of the tip of the medial mal-
leolus. The tendons of the tibialis posterior
and flexor digitorum longus muscles are
exposed and divided at the lowest possible
level, while the foot is maintained in dorsal

Fic. 1. Secondary loos-
ening of the interosseous
suture in a Watkin's oper-
ation.®
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Fic. 2. Technic of the Caravon operation.®

flexion and medial rotation. A second in-
cision, 8 to 10 cm. long is made 2 em. lateral
to the anterior tibial crest, commencing at
the level of the base of the lateral malleolus
and extending proximally. The interval be-
tween the tibialis anterior and extensor
hallucis longus is developed down to the
interosseous membrane, which is identi-
fied and excised as far proximally as pos-
sible.

Through the interosseous membrane the
end of a curved forceps is directed along
the posterior surface of the tibia. It ap-
pears finally in the posterior medial incision
and grasps the ends of the flexor digitorum
longus and tibialis posterior. These tendons
are brought into the anterior compartment
of the leg. Sometimes the fleshy body of
one or both of these muscles extends so far
distally that the muscle mass is too bulky
to permit the easy gliding necessary for
good function, Some of the more distal
muscle fibers must be trimmed away. to
make sure that only tendons cross the in-
terosseous space. The tibialis posterior is

“T'hese figures have been published previously
(9 . Permission for republication has been given
by the Annales de Chirurgie. Fig. 1 = Fig. 7, p.
1516; Fig. 2 — Fig. 10b, p. 1518; Fig. 3 — Fig. 8,
p. 1517,

sutured to the tibialis anterior and the
flexor digitorum longus is fixed to both the
extensor digitorum longus and the extensor
hallucis longus.

The attachment is of the “loop type,” i.e.,
the transferred tendon transfixes the para-
lyzed tendon and loops back to be sutured
side-to-side with itself. Progressive up-
ward splitting of the paralyzed tendons, re-
sulting in a slack of the montage, is pre-
vented by an arresting stitch,

The transferred tendons should be at-
tached as low as possible to allow the ten-
dons to pull in a straight line. Tendon
suture should be performed with maximum
dorsiflexion of the foot and extension of the
toes. When necessary, lengthening of the
Achilles tendon should be performed prior
to tendon suture. Debridement of the cal-
caneal canal and neurolysis of the plantar
nerves can also be performed.

A below-knee cast is applied with the
toes and the foot maintained in dorsiflexion.
Immobilization is discontinued after fifteen
days.

RESULTS

This surgical procedure was carried out
I8 times with the technic described.

After the plaster cast is removed (15th
day) the foot drop is overcome and the
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foot in repose rests at an angle of 90 with
the axis of the leg. Active extension of the
foot is possible up to 1207, Active dorsi-
flexion of the foot and extension of the toes
are at first tried lightly for two or three
weeks, and then attain an amplitude of
about 157, Utilization of the muscle reac-
tivators which previously had an antago-
nistic action, requires reeducation.  After
eight to 10 days of supervised exercises,
this reeducation will continue spontancous-
ly. It will be necessary to wait for three or
four months, however, before active move-
ments of great amplitude, i.e., on the order
of 407, are achieved (Fig. 3).

Fully automatic walking reappears only
six months after reeducation. It takes sev-
eral weeks for the patient to get rid ol
compensatory movements acquired prior to
surgery, such as lifting and flexing the knee
to step forward. This is proof that non-
physiologic automation can be present. The
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braking ellect during the first halt ol the
step is reestablished in part. Walking on
the heels is rarely attained.

We have been able to carry out electro-
myographic study and measurement  of
strength on one of our operated patients. A
normal electromyographic pattern is noted
for the tibialis posterior muscle when the
patient’s foot is in dorsiflexion, but a very
large number of motor units are involved,
as though the muscle were mobilizing as
many resources as possible to accomplish
the most in'l[mrt:ml efforts.  Ergometric
study revealed that dorsiflexion will have
recovered 66 per cent of its total potenti-
ality, as determined by comparison with
the healthy side. IHowever, as respects

duration, dorsiflexal activity is deficient by
52 per cent, and the activity of cach indi-
vidual motion by 72 per cent. This seems
to be due to a decrease in the angle of
dorsiflexion.

These results of the electric

Fic. 3. Good result of
a Carayon operation,®
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and ergometric tests were expected, and
are indeed confirmation of Fick’s findings.

Total evaluation of results. Seven re-
sults were excellent.  The amplitude of
dorsiflexion and plantar flexion of the foot
is equal to or greater than 40° (20° in each
direction from a right angle ). In one case
walking on the heels was possible.

Five results were good. The amplitude
of dorsiflexion and plantar Hexion was less
than 307, and, particularly in one case,
where the transplantation completed the

operation of Lambrinudi initially  per-
formed.
Two results were fair. The eftfect re-

sulted from tenodesis only, without active
dorsiflexion, the foot being maintained at
95 in leprosy patients.

Three results were poor. Dorsiflexion
required intense efforts, and the foot at rest
lay extended at an angle of 115° in uncoop-
erative leprosy patients who refused a re-
peat operation to shorten the dorsal ten-
dons and maintain the foot at an angle of
90°,

In one case the immediate result was
very good, but it was followed by fracture
of the neck of the astragalus. The strong
pull of the transferred tendons caused the
weakened bone to fracture. Subtalar and
midtarsal arthrodesis had to be carried out.

CRITICAL REVIEW OF THE
OPERATIVE PROCEDURE

Objection to the procedure could be
raised on the ground that it endangers the
anterior tibial neurovascular bundle. This
has not been an obstacle in any of our
cases; no such damage has occurred. Ac-
tually, if damage did occur, it would be
inconsequential, since it would involve a
paralyzed merve and an artery serving
chiefly an area above the zone of the opera-
tion. ‘

There are two disadvantages in the pro-
cedure. (1) Usually only the flexor hallucis
longus is very fleshy in the lower third of
the leg. However, in heavily muscled men
the tibialis posterior muscle and the Hexor
digitorum longus are often bulky. This re-
quires stripping of the lower muscular
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fibers, and an extensive excision ol the in-
terosseous membrane.

(2) The intrusion of two tendons and
their reactivating loop in the narrow an-
terior space of the leg does not permit
suture of the deep fascia of the leg. A
slight hernia of the tendons persists, which
is the “hallmark™ of the operation.

It is this which has led one of us (M.B.) to
modify to some extent, the initial procedure of
tendon transfer in eight cases, using an anterior
incision commencing in the lower third of the
leg and terminating at the level of insertion ol
the tibialis anterior muscle. The interosseous
membrane is not excised, but simply incised
for 4 em.. and the motor tendons are sutured
side-to-side to the paralvzed tendons, the
suture being carried several centimeters down-
ward to a level below the tibio-tarsal inter-
space. This procedure permits suture of the
aponeurosis of the leg and prevents a muscular
hernia.

The results were good in four cases and
fair in two; extension of the toes was possible,
but dorsiflexion of the foot was defective. In
two cases dorsiflexion could not take place, but
the foot rested at an angle of 90° (tenodesis
effect). In addition significant postoperative
edema was observed in six cases.

It appears, therefore, that the failure to re-
move the interosseous membrane permitted the
tendons to adhere to the interosseous mem-
brane, and that the closure of the deep fascia
h'cl.s ]-}(‘(\'“ ‘I““- Calise [}f Venous [.,'U“'Ipl’(‘.’.‘isi[]" th“t
resulted in postoperative edema.

Finally the side-to-side anastomosis cannot
be performed with a tension as great as in the
loop procedure.

Brand' regards the toes as protectors of
the metatarsal heads and questions if it is
good to remove the Hexor digitorum longus
and use it as a dorsiflexor. He suggests at-
taching the distal stump of the tendon side
by side to the flexor hallucis longus, so that
the contraction of that muscle will flex all
the toes. Actually, in our series no trophic
ulcerations developed at the level of the
metatarsal heads, but we shall certainly try
to activate the distal part of the flexor digi-
torum longus in the next suitable case.

The proposed operation offers many ad-
vantages:

¢ Personal communication.
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(a) Prevention of trophic disturbances.
by elimination of every operative maneuver
on the foot and above all on the tarsus. The
whole procedure is carried out above the
instep, remote from eventual trophic
changes.

(b) Simplicity of reactivation by the
loop procedure, as compared with the dif-
ficulties of transosseous fixation.

(¢) Avoidance of varus deviation of the
foot. This is the result both of suppression
of the tibialis posterior muscle, ie., the
muscle leading to varus, and reactivation
of the extensor digitorum longus, the mus-
cle effecting valgus.

(d) Restoration of a nearly normal status
of the foot permitting its active dorsiflexion,
as in the Watkins operation (*'), but with
greater extension of the toes, which will be
the first step in the motion of dorsiflexion.
This correction of the clawing of the toes,
which it brings about, is another advantage
over the operation of Lambrinudi and that
of Watkins. It would appear that numerous
authors who followed the Watkins pro-
cedure have now modified their technic.
Brand and Selvapandian (*), for example,
now combine the transplantation of the
tibialis posterior with a tenodesis of the
extensors of the toes in order to avoid their
dragging on the ground during walking.
In our opinion reactivation of the extensors
of the toes is a better procedure.

Clawson and Seddon ('), after utilizing
the transfer of the tibialis posterior to the
tarsus in the treatment of drop foot of non-
leprotic origin, seem to have inclined later
toward reactivation of the extensor of the
toes by this same muscle, the tibialis pos-
terior.

Andersen ('-#) proposed fixation of the
tendon of the tibialis posterior either to
the tendon of the tibialis anterior and to
the peroneus longus, transposed to the an-
terior surface, or to the extensor hallucis
longus and extensor digitorum longus, with
the aim precisely of treating clawing of the
toes, a deformity he found in 38 of his pa-
tients,

(e) A short period of immobilization (re-
duced to two weeks in place of six, with
respect to tendon-to-bone transfer, and in
place of three to four months with respect
to arthrodesis ).
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(f) Compliance with Sherb’s rule (*):
since all the dorsiflexors, ie., antagonists
of the transplanted muscles, are paralyzed,
the transplanted muscles will work well.

Since transfer of the tibialis posterior
tendon alone has given good results in the
hands of Watkins et al. (*'), Fritschi and
Brand ('"), Gunn and Molesworth (%),
Clawson and Seddon '), Asvazadurian
and Gambier (%), Lipscomb and San-
chez (™), and Darcy ('), transfer of the
two tendons should be even more satistac-
tory. The fracture of the neck of the talus
that occurred in one patient under the ac-
tion of the dorsiflexors is a proof of this
Only in the case of failure could we see
the need for arthrodesis, as recommended
by Brand (%), provided that the trophic
state of the foot allowed it. However, even
if the result of reactivation is functionally
only moderate and does not permit active
dorsiflexion, there remains the effect of the
tenodesis; once the pronating action of the
tibialis anterior and the supinating action
of both tibialis anterior and extensor hallucis
longus have been suppressed, arthrodesis
becomes unnecessary.

PREREQUISITES FOR
REACTIVATION OF THE
DORSIFLEXORS OF THE FOOT

It is essential that the muscles of the
posterior compartment of the leg have re-
tained their normal nerve supply, so that
the muscles to be transferred are active
and the remaining muscles are able to ex-
tend the foot.

It is equally necessary to ascertain pre-
operatively that the range of passive dorsi-
flexion is adequate. When this is limited.
in spite of pre-operative splinting and phys-
iotherapy, it is necessary to perform before-
hand, or at the same time as the operation,
a tendon lengthening of the Achilles ten-
don, eventually completed by posterior
capsulotomy.

Indications. At the present time, and in
view of the relatively small number of our
observations, we consider that there are
two groups of indications:
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Absolute indications.—All paralyses ol the
common peroncal nerve associated with
trophic disturbances of the foot (which is
often the case in leprosy and indicate ad-
ditional neurolysis of the plantar nerves
below the medial malleolus).

Optional  indications.—Traumatic para-
lyses of the trunk of the common peroneal
nerve and leprotic paralysis of the nerve
where there are no trophic disturbances of
the foot. Only after study of a larger num-
ber of observations drawn from other sur-
geons, will it be possible to conclude that
this procedure should be undertaken rou-
tinely in all paralyses of the common pero-
neal nerve where the muscles of the pos-
terior compartment of the leg remain un-
damaged.

SUMMARY

The results of reactivation of the dorsi-
flexors of the foot by two muscles from the
posterior compartment of the leg (the tibi-
alis anterior by the tibialis posterior; and
the extensor hallucis longus and the ex-
tensor digitorum longus by the fHexor digi-
torum longus), tend to demonstrate that
this operation is to be preferred to (1) the
operation of Lambrinudi, which often
meets with delayed healing of bone and
soft parts and septic complications, and
requires a long period of immobilization,
(2) transfer of the tibialis posterior mus-
cle to the tarsus, which often results in non-
union due to leprous dystrophy of the bone.

The reactivation of the dorsiflexors of
the foot by the tendons of the tibialis pos-
terior muscle and flexor digitorum longus
(26 cases) is performed in the leg, at some
distance from the site of trophic disturb-
ances, by a surgical technic that is at once
simple and lasting. The period of immobili-
zation is short (16 days), and complica-
tions are encountered very rarely.

RESUMEN

Los resultados de la reactivacion de los
dorsiflexores del pi¢ por dos musculos del com-
partimento posterior de la pierna (el tibialis
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anterior por el tibialis posterior; v el extensor
hallucis Tongus v el extensor digitorum longus
por el flexor digitorum longus) muestran que
esta operacion es superior a (1) la operacion
de Lambrinudi, la cual es frecuentemente
seguida de una falla de la curacion normal,
por complicaciones sépticas y por falta de
union de los huesos a causa de alteraciones
trophicas y requiere un largo periodo de in-
movilizacion vy (2) transplantes aislados del
tendén tibialis posterior al tarsus, los cualos
frecuentemente resultan en falta de union
como resultado de trastornos troficos en el
hueso.

La reactivacion de los dorsiflexores del pié
por los tendones del tibialis posteroir, v del
flexor digitorum longus (26 observaciones) es
realizada en la pierna, a alguna distancia del
sitio de las alteraciones troficas, por una
técnica quirdrgica que es la vez simple vy
duradera. La duracion del tiempo de inmovi-
lizacion es corto (16 dias), v raramente se
encuentran complicaciones.

RESUME

On a ¢tudié la réactivation des muscles
Aéchisseurs du dos du pied par deux muscles
de la loge postérieure de la jambe: le tibial
antérieur  (tibialis anterior) par le tibial
postérienr (tibialis posterior), et l'extenseur
du gros orteil (extensor hallucis longus) ainsi
que l'extensenr commun (extensor digitorum
longus), par le fléchisseur commun (Hexor digi-
torum longus). Les résultats semblent démon-
trer : (1) d’une part, que cette opération doit
étre preferée a l'opération de Lambrinudi, car
celle-ci est souvent suivie d'une cicatrisation
tardive de l'os et des parties molles, et de plus
entraine une longue période d'immobilisation;
(2) d’antre part aux tranplantations du muscle
tibial postérieur (tibialis posterior) au tarse,
qui entrainent souvent une absence de réunion
des fragments comme conséquence des
troubles trophiques au niveau de l'os.

Dans cette étude, qui porte sur 26 observa-
tions, la réactivation des muscles fléchisseurs
du dos du pied par les tendons du tibial
postérieur (tibialis posterior) et du fléchisseur
commun des orteils (Hexor digitorum longus)
est pratiquée au niveau de la jambe, a une
certaine distance des troubles trophiques. Pour
ce faire, on utilise une technique chirurgicale
qui est a la fois simple et donne lieu a des
résultats durables. La période d'immobilisation
est courte : 16 jours. Les complications sont
fort rares.
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