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Abstract Recent progress has been made in selective
functional treatment of hypertonia of spastic origin by
local injection of botulinum toxin into the muscles
responsible for equinus foot dynamic deformation. The
technical aspect of the intervention requires a strategy
adapted to the individual patient. Good practice is
founded on precise knowledge of the intramuscular
nerve distribution of end plate zones, since the target
organ of the toxin is the motor end plate. Knowledge
about the location of motor end plates, which differs
according to the structure of the muscle in question,
remains rather poor. Through macroscopic and ste-
reoscopic microscopic dissection of the nerve courses
in the triceps surae muscular group in 40 legs, we have
ascertained in more detail the distribution of motor
end plates, which appear to be more numerous in
certain zones of the muscle bellies. These zones were
measured morphometrically and divided into segments
which are expressed in percentages of a standard leg
length. We maintain that these zones are the injection
sites most likely to guarantee the best treatment
efficacy.

Innervation intramusculaire du triceps sural. Bases
anatomiques du traitement du pied équin spastique par
la toxine botulique

Résumé Le traitement sélectif fonctionnel de ’hyperto-
nie d’origine spastique, par infiltrations locales de toxine
botulique dans les muscles responsables de lattitude
vicieuse du pied en équin, constitue une avancée récente.
L’aspect technique du geste intervient en aval de I'indi-
cation et de la stratégie adaptées pour un patient donné.
Une bonne pratique repose sur une connaissance précise
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de Tinnervation intramusculaire terminale, puisque
I’organe cible de la toxine est représenté par la plaque
neuromusculaire. Or cette localisation des plaques mo-
trices dépend de la structure du muscle considéré et reste
encore actuellement trés mal connue. La dissection
macroscopique, puis semi-microscopique, des trajets
nerveux au sein de ’ensemble musculaire du triceps sural
de 40 membres inférieurs nous a permis de déterminer la
distribution “‘approchée” des terminaisons, qui appa-
raissent comme plus nombreuses dans certaines zones
des corps musculaires. Ces zones ont été délimitées en
segments qui, rapportés a une longueur moyenne de
jambe et exprimés en pourcentage de cette longueur,
constituent pour nous les sites d’injection susceptibles de
garantir la meilleure efficacité.

Keywords Spasticity - Dynamic equinus foot -
Botulinum toxin - Gastrocnemius muscle - Soleus
muscle - Tibial nerve - Intramuscular nerve distribution

Introduction

Botulinum toxin is one of the most powerful toxins
known. It blocks the presynaptic release of acetylcholine
at the neuromuscular junction, causing weakness or
paralysis of the injected muscles. The neuromuscular
blockade it produces is irreversible, but recovery occurs
over about 3 months by resprouting of the axons and
formation of new acetylcholine receptors.

The clinical use of local injections of type A botuli-
num toxin is relatively recent, the concept of using mi-
nute dosages of this chemical agent in individual muscles
having been developed by Scott in 1980 [9] to treat infant
strabismus. For several years it has been a well-estab-
lished form of symptomatic treatment in patients with
hemifacial spasm, cervical or cranial dystonias and re-
lated disorders, but its therapeutic scope has continued
to widen. As well as being used for other diseases as-
sociated with inappropriate muscular contractions or
spasms, its use is now also proposed in treatment of limb
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Fig. 1. On the length L of the leg measured from the top of the
medial malleolus up to the proximal margin of the medial tibial
condyle. DL, distal limit; PL, proximal limit of the area TN, where
the terminal nerve ramifications were densest

spasticity, following the demonstration that it safely
reduces muscle tone and increases range of motion in
these patients without causing significant side effects.
Paralysis after toxin exposure is dose-dependent and we
believe, as do others [12], that the toxin should be in-
jected as close as possible to the end plate zones, because
they are the target area of the molecule.

Therefore, the aim of this study was to specify where
the motor nerves penetrate and arborize inside the gas-
trocnemius and soleus, whose hypertonic state is re-
sponsible for the equinus deformation of the spastic
foot. In this way we hope to be able to minimize doses
and to achieve the highest rate of selective muscular
weakness, reducing the immediate risk of local diffusion,
or systemic diffusion which could cause temporary
generalized weakness; and later attenuating the risk of
antibody formation which could lead to inefficiency of
the toxin over repeated injections. The use of small
dosages would at the same time decrease the cost of this
rather expensive product.

Fig. 2. Schematic drawing of the intramuscular nerve distribution
inside the gastrocnemius. a, medial head; b, lateral head. Proximal
and distal boundaries of the area where the terminal nerve
ramifications are the densest are indicated in percentages of the
mean length of the leg. The ratios 3/4 and 4/5 give the injection
level considered optimal for the medial and lateral heads
respectively

Material and methods

On a total of 40 legs from embalmed adult human cadavers, dis-
section, firstly macroscopic and secondly under a stereoscopic mi-
croscope, was performed on nerves supplying gastrocnemius
(n=136) and soleus (n=37). The nerves were dissected from prox-
imal to distal, noting their number and origin until they penetrated
into the muscle belly. Next we traced the intramuscular course of
the main branches, and the patterns of their terminal arborizations
were drawn until it was no longer possible to follow them. For each
muscle, the layout of these terminal ramifications was determined
first. Measurements were made along the length of the leg from the
medial malleolus up to the proximal margin of the medial tibial
condyle. Distances were expressed with reference to the top of the
medial malleolus (Fig. 1) and were delimited as: the distance DL
from the medial malleolus up to where the most distal terminal
nerves were observed, and the distance PL from the medial mal-
leolus up to the proximal ramifications. These assessments were
then translated into percentages in relation to the length of the leg,

Table 1. Layout along the leg

of terminal nerve arborizations Medial head of

Lateral head of Soleus posterior Soleus anterior nerve

(PL, proximal limit; DL, distal gastrocnemius gastrocnemius nerve

limit of the area where the N o o o

terminal ramifications were the cm /o cm %o cm %o cm %

denses?). (%gif)leg length was — pp 30.1 85.9 30.8 87.7 26.8 76.5 229 64.8
-1 om 0 DL 23.0 65.3 24.9 71.0 19.5 55.6 18.3 52.3




and finally the mean values were calculated. Comparing these
values with the mean length of the leg, we achieved proximal and
distal ratios corresponding to the maximum and minimum height
of the muscle belly where the terminal nerve ramifications were the
densest.

Results
Gastrocnemius muscle

From the tibial n. in the popliteal fossa, there were
always two supply nerves, one for each head, arising
either separately or as a common trunk. Each main
supply nerve was firstly extramuscular, where it was

Fig. 3. Posterior view of an
isolated left soleus after the
gastrocnemius has been re-
moved, leaving the lower part
of the medial head (7). The
intramuscular course of the
posterior nerve (2) has been
exposed, which divides into two
branches here: lateral (3) and
medial (4). Each one gives off
several terminal arborizations
(arrowheads)
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joined by a vascular pedicle, then entered the axial
border of the head and divided into two or three bran-
ches, exceptionally four, since this distribution was ob-
served only twice in 36 cases; it supplied the lateral head.
Table 1 summarizes these findings and Fig. 2 shows the
terminal arborizations.

Soleus muscle

In spite of the great morphological variations in the
architecture of this muscle, we always found a double
nerve supply: one posterior and one anterior branch.
The posterior nerve supply arose from the tibial n. in
the popliteal fossa, often in conjunction with the nerve
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to the lateral head of the gastrocnemius (26/37). It di-
vided into two or three branches, before or when
reaching the tendinous arch of the soleus. Each branch
most often ran vertically, supplying the two medial and
lateral parts of the muscle by giving off six to eight ar-
borizations (Fig. 3).

The anterior nerve (Fig.4) supply was always
found, though often small, arising from the tibial n.
immediately below the fibrous arch of the soleus, ei-
ther independently or as part of a common trunk with
other nerves to the deep muscles of the leg, which are
the tibialis posterior, the flexor digitorum longus and
the flexor hallucis longus. It entered the deep surface
of the upper part of the muscle after a short course,
and either rapidly ended in several branches distribu-
ting the anterior part, or divided into two branches

Fig. 4. Total attachment of the
soleus showing the anterior
view and the deep muscle layer
of the leg which is turned over
(arrows): 1, tibialis posterior; 2,
flexor hallucis longus. Dissec-
tion of the anterior nerve of the
soleus (3) which arises from the
tibial nerve (4) in a common
trunk with the tibialis posterior
muscle nerve (5). Terminal in-
tramuscular ramifications of the
anterior nerve of the soleus
(arrowheads)

that gave off arborizations to each half of the deep
bipenniform part of the muscle. Table 1 emphasizes
the data concerning the proximal and distal
terminal arborizations. The delimited areas in Fig. 5
indicate the posterior and anterior supply nerves
respectively.

Discussion

Selective functional treatment of focal limb dystonias by
local injection of botulinum toxin is an important recent
therapeutic advance. Injection efficiency depends on
precise knowledge of intramuscular nerve supply, as the
end plate zones are the target area of the toxin. The
extramuscular courses of nerves are described in most
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Fig. 5A, B. Schematic drawing of the intramuscular nerve distri-
bution inside the soleus. A Posterior nerve. B Anterior nerve.
Proximal and distal boundaries of the area where the terminal
nerve ramifications are the densest are indicated as percentages of
the mean length of the leg. The ratio 3/5 gives the injection level
considered optimal

anatomy textbooks; however, only a few studies of in-
tramuscular nerve supply have been done and they re-
main incomplete. The atlas by Brash [2] presents an
interesting synthesis of the “‘neuro-vascular hila of limb
muscles” without going further into the muscle bellies.

As a general rule, it is accepted that the motor end
plates are equidistant from the poles of their respective
muscle fibers [8]. They are grouped together into “‘ter-
minal supply bands” [4] whose topography depends di-
rectly on the muscle structure, which is itself conditioned
by how the muscle fibers are organized. Thus, there are:
(1) semi-penniform muscles with short or long parallel
fibers in which the topography of the motor end plate
distribution zone is a straight line; (2) muscles with
converging fibers, called penniform, and (3) muscles
architecturally complex in which the motor end plate
distribution zone is a sinuous line. Giving three exam-
ples of differently structured muscles, Aquilonius et al.
[1] have illustrated the variability of the motor end plate
zones from one muscle to another.

For the gastrocnemius, English and Letbetter [5]
studied the structure of the lateral head and demon-
strated that, despite extensive variations in muscle ar-
chitecture, it is always compartmentalized around a
nerve branch. This partitioning was emphasized in man
by Wolf and Kim [13] as well, but only for the medial
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head of the gastrocnemius, and by Segal et al. [10];
nevertheless, these articles give more data and put for-
ward more morphofunctional hypotheses than they give
topographical information about intramuscular nerve
supply.

For the soleus, the two reference studies are those by
Schultz et al. [7] and, especially, Sekiya [11]. The first
group described the intramuscular distribution of the
posterior nerve, most often in three branches which give
off numerous ramifications. They emphasize the fre-
quent variations but give no details about how the ma-
jority of the end plates are distributed along the length
of the leg. Nevertheless, as we observed also, they found
that the anterior part nerve supply tends to extend dis-
tally. Sekiya described the double muscle nerve supply,
posterior and anterior, with their interpenetrations. He
emphasized the uniqueness of the nerve supply in man
and primates, because of the existence of a bipenniform
portion in the anterior of the muscle belly due to upright
stance.

Thus, the objective of this study was to map out the
intramuscular motor end plate zones of the gastroc-
nemius and the soleus, while recognizing that because of
individual variations the precise description of the nerve
supply is secondary to more general observations aimed
at improving clinical practice. In the same way, only a
general location has been determined, which does not
permit an estimation of the density of the motor end
plates in the area concerned, as their total number varies
considerably according to the muscle: 430 in the medial
head of the gastrocnemius, 250 in the soleus, according
to Christensen [3], for a muscle belly which is much
larger but functionally different. Our dissections, as fine
as possible, have therefore allowed us to determine, for
each muscle usually targeted in the treatment of spastic
drop foot, the proximal and distal limits of the territories
where the most nerve endings are observed. Taking into
account the fact that the more composite the muscle, the
more heterogeneous its supply, and that from a practical
point of view we have tried to limit the number of needle
insertion points for obvious reasons of patient comfort,
we believe we are able to suggest optimal injection sites.
These points are approximately located as follows
(Figs. 2, 5):

® 3/4 of the way up the leg for the medial head of the
gastrocnemius (PL 85.9%, DL 65.3%, mean of the
delimited segment 75.6%) (Fig. 2);

® 4/5 of the way up the leg for the lateral head of the
gastrocnemius (PL 87.7%, DL 71%, mean 79.4%)
(Fig. 2);

e 3/5 for the soleus in two sites, lateral and medial, and
at several postero-anterior levels (posterior nerve: PL
75.6%, DL 55.6%, mean 66.1% (Fig. 5SA); anterior
nerve: PL 64.8%, DL 52.3%, mean 58.6% (Fig. 5B)).

We believe these injection sites to be the zones most
likely to guarantee maximum efficiency, taking into ac-
count that we can expect intramuscular diffusion of the
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toxin, which is theoretically possible over an area 5 cm
in diameter around the needle were it not for the pres-
ence of the numerous fibrous compartments that char-
acterize the superficial muscle layer of the calf.

While the hypertonic state of gastrocnemius and so-
leus is the cause of the equinovarus foot deformation,
the spasticity also very frequently concerns the deep
muscles of the calf: the tibialis posterior which, by
adding its inversion factor, is responsible for the varus
position; the flexor digitorum longus and the flexor
hallucis longus, which are responsible for the permanent
deformation or the dynamic onset of plantarflexion of
the toes. Standardized injection of these deep layer
muscles must be done taking into account the specific
approach determined by their accessibility as well as
their intramuscular nerve supply. We are already doing
this, using a technique based on identical studies to those
described above, which will be the subject of a future
report.
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