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INTRODUCTION

Botulinum neurotoxin (BoNT) is a toxin produced by the gram-

positive anaerobic bacterium called clostridium botulinum. 
Upon injection into the muscle, BoNT is taken up by endocy-
tosis from the presynaptic nerve terminal at the neuromuscu-
lar junction and inhibits acetylcholine release by affecting fu-
sion proteins. As a result, the toxin causes flaccid paralysis by 
blocking acetylcholine secretion and leads to muscle relax-
ation, which starts at 5–7 days post-injection and lasts for 12–
16 weeks. This relaxation may be followed by longitudinal mus-
cle growth, with the effects potentially lasting up to 6 months.1

In recent decades, the treatment applications of BoNT in 
clinical medicine have increased, particularly in movement 
disorders, such as dystonia, tremors, and cerebral palsy, as well 
as autonomic dysfunctions, including excessive sweating and 
neurogenic bladder. It is also used for treating spasticities 
caused by conditions, such as multiple sclerosis, spinal trau-
ma, hereditary spastic paraplegia, and pain treatments, such 
as chronic migraine, that are resistant to medical treatment.
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There are several concerns when it comes to improving the 
outcomes of BoNT injections into the upper limb muscles, 
which include: 1) identifying the target muscles, 2) accurately 
locating the target muscles, and 3) determining the optimal 
dose. It is quite important to give injection in the right loca-
tion with minimal doses. The effectiveness of BoNT injection 
is dependent on the dose and location of the injection. To be 
most effective, the BoNT must be injected near the neural ar-
borized region, which is the area where there are many neuro-
muscular junctions. Studies have shown that intramuscular 
distribution-based injections are more effective in reducing the 
muscle volume compared to the control groups.2,3 However, 
identifying the exact location of small nerves is difficult when 
using the naked eye. A method called Sihler staining can be 
used to solve this problem, as it makes the muscle fibers trans-
parent and only stains the nerves.4 This study aimed to use Si-
hler staining to understand intramuscular nerve distribution 
in the adductor pollicis muscle.

MATERIALS AND METHODS

This study was conducted in compliance with the Act on Dis-
section and Preservation of Corpses of the Republic of Korea 
(Act number: 14885), and approval was granted by the Institu-
tional Cadaver Research Committee of the College of Medicine 
at the Catholic University of Korea (MC23EISE0022). This study 
was conducted in compliance with the principles set forth in the 
Declaration of Helsinki. Consent was received from the families 
of the deceased patients before beginning the dissections.

This study used the modified Sihler’s method to reveal the 
intramuscular nerve patterns in the adductor pollicis muscle 
using eight cadavers. The cadavers used were of Korean ori-
gin, with four males and four females, and had a mean age at 
death of 73.1 years. The 16 adductor pollicis muscles were an-
atomically aligned, dissected (Fig. 1), harvested (Fig. 2A and 
B), and stained (Fig. 2C and D) to detect intramuscular neural 

distribution. 
The adductor pollicis muscle was harvested from the 3rd 

metacarpal bone (0) to base of the 1st proximal phalanx (5/5). 
The arborization patterns in the muscles were elucidated (Fig. 
3) with respect to the vertical length of the muscle with five di-
visions. 

Modified Sihler’s staining
The modified Sihler’s staining technique was used to study 

Fig. 1. The adductor pollicis muscle was revealed with delicate dissec-
tions. The muscle was located deeply above the 2nd metacarpal bone.

Fig. 2. The harvested specimen of the adductor pollicis muscle was 
harvested from the midline of 3rd metacarpal bone (0) to base of the 1st 
proximal phalanx (5/5). The adductor pollicis muscle was harvested (A, 
deep and B, superficial) and stained (C, deep and D, superficial).

Fig. 3. The intramuscular neural distribution of the adductor pollicis 
muscles was observed. The enlarged panel demonstrates neural arbo-
rization of the adductor pollicis muscle. 
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the intramuscular neural arborization pattern of the adductor 
pollicis muscles. The muscle specimens were first fixed in 
non-neutralized formalin for a month. They were then soaked 
for three weeks in a solution comprised of 3% potassium hy-
droxide, to which a single drop of 30% hydrogen peroxide per 
liter was added, in order to make them transparent. They were 
then decalcified for a week in a solution composed of 10% 
glycerin and 7% glacial acetic acid. After that, the muscles 
were stained for three days in a solution of 10% Ehrlich’s he-
matoxylin and glycerin. The nerves were made visible by re-
soaking in the decalcification solution. Finally, the muscles 
were displayed by soaking them in increasing concentrations 
of glycerin solution (40%, 60%, 80%, and 100%).

RESULTS

Locations of nerve entry points 
Fifteen of the 16 specimens had a nerve entry point located 
between 0 to 1/5, while the one specimen had a nerve entry 
point between 1/5 to 2/5 of the muscle (Fig. 4).

Intramuscular arborization patterns 
Thirteen out of the 16 adductor pollicis muscles had the larg-
est arborization patterns, located on 1/5 to 3/5 of the muscle 
(Fig. 4). Three adductor pollicis muscle had the largest arbori-
zation patterns in the 2/5 to 3/5 part of the muscle. A schemat-
ic image of the injection point of the adductor pollicis muscle 
is shown in Fig. 5. Injection should be placed above the middle 
of the 2nd metacarpal bone.

DISCUSSION

The evaluation and management of patients presenting with 
spasticity are challenging due to the deep located nature of the 
adductor pollicis muscle. Adductor pollicis muscle is located 
in the hand and is responsible for adducting the thumb. The 
muscle has two heads, the oblique head and the transverse 
head, and is innervated by the deep branch of the ulnar nerve. 
The origin of the transverse head is the front portion of the 
third metacarpal, while the oblique head originates from the 
bases of the second and third metacarpals as well as the near-
by trapezoid and capitate bones. The insertion point is on the 
inside of the base of the thumb’s proximal phalanx and the ul-
nar sesamoid. The muscle lies beneath the long flexor tendons 
and lumbrical muscles in the thenar compartment, and over-
lies the metacarpal bones and interosseous muscles.5 

Adduction of the thumb is mainly produced by the adduc-
tor pollicis muscle, but it can also be assisted by the flexor pol-
licis brevis and opponens pollicis muscle. A compromised ad-
ductor pollicis can be tested using Froment’s sign, and its 
strength can be measured in neuromuscular monitoring by 

stimulating the ulnar nerve.6 Wall, et al.7 presented a therapeu-
tic option for the treatment of thumb-in-palm deformity in ce-
rebral palsied children using BoNT of the adductor pollicis 
muscle. The study assessed the early results of a clinical trial 
in five hemiparetic cerebral palsy children using a prospective 
non-trialist-biased study design based on an independent pan-
el assessment of pre- and post-intervention photographic and 
videotaped records of hand function and appearance, grip dy-
namometry, and goniometry. The results showed that all cas-
es improved in terms of both function and appearance, with 
statistical significance. Ever since the study by Wall, et al.7 first 
presented the effectiveness of BoNT injection at adductor pol-
licis, many articles have been published. 

Study by Autti Rämö, et al.8 discussed the lack of universal 
guidelines for the optimal dosing of BoNT in the upper ex-
tremity. The study suggested that clinical improvement did 
not directly correlate with the level of denervation, indicating 
that the doses should be calculated individually based on the 

Fig. 4. The adductor pollicis muscles had the largest arborization pat-
terns, located on 1/5 to 3/5 (blue shaded) of the muscle from the midline of 
3rd metacarpal bone (0) to the base of the 1st proximal phalanx (5/5). The 
nerve entry point was mostly located on 0 to 1/5 (red shaded) of the mus-
cle, an area which should be avoided to prevent nerve trunk damage. 

Fig. 5. The schematic image suggests that BoNT should be delivered in 
the level of second metacarpal bone with deep injection.
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treatment aims. The study adopted a semiquantitative clinical 
assessment scale, the upper limb physician’s rating scale, to 
assess the efficacy of BoNT treatment. They emphasized the 
importance of appropriate dosing, especially in the muscles 
involved in finger movements, to prevent impairments in grip 
strength and the development of swan neck deformity in chil-
dren with dystonic involvement.8 They assumed that the appro-
priate dosing of BoNT for the thumb muscles, including adduc-
tor pollicis. The study suggested that smaller doses are required 
for the muscles, and that it may be preferable to treat only one 
of these muscles if the thumb is involved in grasping. The rec-
ommended dosing paradigm is 5 U BoNT if the thumb active-
ly participates in grasping, 7.5 U BoNT if the thumb has some 
active abduction but tends to go into the palm in function, and 
10 U BoNT if the thumb is not involved in grasping and has no 
active abduction. Fehlings, et al.9 used the amount of BoNT 
based on the weight of the patient, with 1 Unit/kg. Fehlings, et 
al.9 emphasized that in their experience, there was no need to 

increase the dose beyond 10 U BoNT, which is far less than the 

upper limit suggested by Russman, et al.10

Children with cerebral palsy can experience more upper 
limb problems than lower limb problems, including higher 
rates of dystonia, weakness, sensory impairment, and selective 
motor control problems. These issues can decrease the effec-
tiveness of BoNT-therapy, and lead to limited and shorter-last-
ing results. The best candidates for BoNT therapy should be 
able to actively move their fingers and activate and strengthen 
their antagonist muscles to take advantage of the temporary 
BoNT induced muscle weakness. Good grip strength is also 
important, as BoNT injections may reduce the grip strength. It 
is also crucial to carefully analyze family-identified limitations, 
problems, and goals. It is recommended to use small-volume, 
high-concentration injections with ultrasound control. The dif-
fusion of BoNT is limited to a few centimeters from the injec-
tion site.11,12 Borodic, et al.,11 in their study, found that when 10 
U of the toxin was injected into the longissimus muscle of rab-
bits, the BoNT diffusion could spread up to 4.5 cm from the 
site of injection. Furthermore, it is crucial to acknowledge that 
upon the nerve’s penetration into the muscle, it gives rise to 
an extensive network of delicate branches that extend distally. 
It is worth emphasizing that the diffusion of the BoNT has the 
capacity to adequately encompass a broad area from the in-
jection site, especially within the region exhibiting the highest 
density of neural branching.

In the present study, we have also shown where the injection 
should be made within the muscle, as injecting BoNT into the 
wrong area can lead to the need for larger amounts of the toxin 
and decreased effectiveness due to the formation of antibod-
ies.13-15 To avoid these negative effects, it is crucial to inject small-
er amounts directly into the correct area. 

Currently, there is no agreed upon location for administer-
ing BoNT injections in the adductor pollicis muscle. Our study 
employed the Sihler staining technique, which can potentially 

overcome the limitations of traditional dissection methods. We 
have demonstrated that using this method on the adductor 
pollicis muscle allows for accurate and comprehensive under-
standing of the muscle's nerve distribution.
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