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Abstract: Botulinum toxin (BoNT) can relieve muscle spasticity by blocking axon terminals acetylcholine release 
at the motor endplate (MEP) and is the safest and most effective agent for the treatment of muscle spasticity in 
children with cerebral palsy. In order to achieve maximum effect with minimum effective dose of BoNT, one needs 
to choose an injection site as near to the MEP zone as possible. This requires a detailed understanding about the 
nerve terminal distributions within the muscles targeted for BoNT injection. This study focuses on BoNT treatment 
in children with muscle spasms caused by cerebral palsy. Considering the differences between children and adults 
in anatomy, we used child cadavers and measured both the nerve entry points and nerve terminal sense zones 
in three deep muscles of the anterior forearm: flexor digitorum profundus (FDP), flexor pollicis longus (FPL), and 
pronator quadratus (PQ). We measured the nerve entry points by using the forearm midline as a reference and 
demonstrated intramuscular nerve terminal dense zones by using a modified Sihler’s nerve staining technique. The 
locations of the nerve entry points and that of the nerve terminal dense zones in the muscles were compared. We 
found that all nerve entry points are away from the corresponding intramuscular nerve terminal dense zones. Simply 
selecting nerve entry points as the sites for BoNT injection may not be an optimal choice for best effects in blocking 
muscle spasm. We propose that the location of the nerve terminal dense zones in each individual muscle should 
be used as the optimal target sites for BoNT injection when treating muscle spasms in children with cerebral palsy.

Keywords: Anterior forearm muscles, intramuscular nerve, botulinum toxin injection, cerebral palsy, muscle 
spasms

Introduction 

Cerebral palsy is a non-progressive clinical syn-
drome of multiple movement dysfunctions 
caused by damage to the immature brain motor 
areas [1]. Its incidence in live births is 2.1/‰ 
[2]. Muscular spasticity can be caused by cere-
bral palsy and it affects daily living tremendous-
ly. Anti-spasm therapy is an important factor 
during rehabilitation of cerebral palsy. Clinically, 
a variety of regimens have been used to relieve 
muscle spasticity in children with cerebral palsy 
and to improve the motor function of their 
extremities. Botulinum toxin (BoNT) can relieve 
muscle spasticity by blocking acetylcholine 
release from the axon terminals at the motor 
endplate (MEP) [3, 4] and is the safest and 

most effective agent for the treatment of mus-
cle spasticity in children [5, 6].

Forearm muscle spasticity in children with cere-
bral palsy can cause hand deformity and seri-
ously affect motor function of the upper extrem-
ity. Intramuscular injection of BoNT in the ante-
rior compartment of the forearm can reduce 
spasticity and improve the basic functional 
movements [7-9]. The anti-muscle spasm effect 
of BoNT is dose-dependent and BoNT is very 
expensive [10]. Therefore, it is beneficial to 
patients by using the minimum effective dose 
at an injection site as near to the MEP zone as 
possible [11-14]. Thus, determining the accu-
rate location of the MEP zones in forearm mus-
cles is a prerequisite for a better outcome of 
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BoNT injection. However, the anatomical loca-
tions of the MEP zone in most spastic muscles, 
including the forearm muscles, remain unknown 
[15]. 

The MEP zone is a junction site that connects 
the motor neuron terminals with skeletal mus-
cle fibers. Sihler’s nerve stain is a whole-mount 
nerve staining technique that is used to visual-
ize intramuscular nerve distribution [16]. This 
method allows a clear three dimensional visual-
ization of the distribution pattern of terminal 
nerve branches in skeletal muscles [17]. 
Sihler’s stain can be used to locate the dense 
zone (i.e., MEP zone) of intramuscular nerve ter-
minals and is the most important breakthrough 
in recent years to identify the target sites for 
BoNT injection [13, 14, 18, 19]. In a study utiliz-
ing Sihler’s nerve staining technique on the 
intramuscular nerve distribution patterns of 
deep muscles in the anterior compartment of 
the forearm [19-21], Peker et al. observed the 
intramuscular nerve distribution pattern of flex-
or pollicis longus (FPL) but did not provide 
detailed information about how to determine 
the BoNT injection site on the body surface 
[21]. Won et al. utilized this technique in combi-
nation with body surface landmarks to locate 
the dense zone of intramuscular nerve termi-
nals in flexor digitorum profundus (FDP) [19]. 
However, their studies were conducted in adult 
cadavers. Sihler’s stain has not been used to 
locate the dense zone of intramuscular nerve 
terminals of anterior forearm deep muscles in 
children. 

In this study, a modified Sihler’s intramuscular 
nerve staining technique was used to investi-
gate the intramuscular nerve distribution pat-
tern of deep muscles in the anterior forearm of 
child cadavers. The location of the dense zones 
of intramuscular nerve terminals in reference 
to body surface bony landmarks is determined. 
This study provides a guideline for selecting the 
BoNT injection site in children with muscle 
spasticity caused by cerebral palsy. 

Materials and methods 

Localization of nerve entry points of the deep 
muscles of the anterior forearm

This study was approved by Zunyi Medical 
University, Human Subject Study Committee. 
Twenty two formalin-fixed child cadavers (10 

males and 12 females; age 2-5 years; mean 
age: 3.7 years) were used in this study. No evi-
dence of injuries or neuromuscular diseases 
were noticed in any forearms. All cadavers were 
placed in the supine position with arms abdu- 
cted and forearms supinated. After removing 
the skin and superficial fascia, the specimens 
were dissected to expose the FDP, FPL or pro-
nator quadratus (PQ) and the nerves going into 
them. On the epimysium, the sites where the 
anterior interosseous nerve and ulnar nerve 
branches enter the muscles were identified as 
the nerve entry points. The forearm midline 
was defined as a line drawing connecting the 
midpoint of the intercondylar line (the line con-
necting the medial epicondyle and lateral epi-
condyle of the humerus) and the midpoint of 
the interstyloid line (the line connecting the  
styloid process of the radius and that of the 
ulna). A vernier caliper was used to measure 
the forearm midline length. This line was mea-
sured in each sample and used as a reference 
for the locations of nerve entry points and for 
the muscle bellies in FDP, FPL and PQ. The lat-
ter were determined by measuring the distanc-
es between the muscle bellies and the forearm 
midline and then expressed as a percentage of 
the length of the forearm midline. 

Intramuscular nerve distribution patterns and 
localization of nerve terminal-dense zone of 
the FDP, FPL and PQ

The FDP, FPL or PQ was excised en bloc and 
marked; fascia and adipose tissue on the mus-
cular surface were removed, extra-muscular 
nerve trunks were preserved. The modified 
Sihler’s intramuscular nerve staining method 
was used to process these muscles, including 
depigmentation, decalcification, staining, des- 
taining, neutralization and clearing, until the 
stained muscle samples became transparent 
and intramuscular nerves became visible with 
blue and purple color. The whole process took 
4 months. Upon completion, the specimens 
were returned to their original anatomical loca-
tions of the same cadaver and the distributions 
of intramuscular nerve branches were mea-
sured and documented. The length of the mus-
cle belly, as well as the distance between intra-
muscular nerve terminal-dense areas and each 
end of the muscle belly were individually mea-
sured using a vernier caliper. The locations of 
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Results 

Localization of nerve entry points of the FDP, 
FPL and PQ

The FDP has two nerve entry points: 1) The 
ulnar nerve runs between the flexor carpi ulna-
ris and the FDP and gives off 1 or 2 branches 
entering the muscle from the anterior surface 
on the ulnar side; 2) The median nerve passes 
through the pronator teres, enters the deep 
surface of the flexor digitorum superficialis and 
gives off the anterior interosseous nerve, which 
in turn gives off 3 or 5 branches entering the 
FDP from the anterior surface of the muscle 
belly at the proximal end on the radial side. The 
anterior interosseous nerve also gives off 2 or 
3 branches, which enter the FPL from the medi-
al (ulnar) aspect at proximal end. The final 
branch of the anterior interosseous nerve trav-
els between the FDP and the FPL and enters 
the PQ at the middle point along the upper-
edge. The locations of these nerve entry points 
are summarized in Table 1. 

The length of the forearm midline is 12.28±1.61 
cm. The proximal ends and distal ends of FDP, 
FPL, and PQ are at 6.57-91.59%, 32.76-100% 
and 73.81-100%, respectively, in reference to 
the forearm midline measured from the inter-
condylar line.  

Intramuscular nerve distribution patterns and 
localization of nerve terminal-dense zones in 
the FDP

The FDP receives double innervation from the 
ulnar nerve and the anterior interosseous 
nerve. The anterior interosseous nerve gives 
off 3 or 5 main branches, which enter the FDP 
on the radial aspect from the superficial sur-
face of its proximal belly. After entering the 
muscle, these branches run along the second 
and third digital tendons, from the superficial 
layer to the deep layer and from proximal to dis-
tal. In addition, the branch that innervates the 
third muscle belly may supply the lower muscle 
belly of the ring finger. The ulnar nerve gives off 
1 or 2 main branches, which enter the FDP on 
the ulnar aspect from the superficial surface of 
its proximal belly. After entering the muscle, 
these branches supply the fourth and fifth digi-
tal muscle bellies from the proximal end to the 
distal end; in some cases, they may supply the 
proximal end of the third muscle belly. A large 

Table 1. The percentage of the distances from 
the nerve entry points to the intercondylar line 
relative to the length of the forearm midline
Nerve Entry Points MIN (%) MAX (%) Percentage (%)
FDP (AIONB) 21.05 38.8 30.55±5.14
FDP (UNB) 12.16 24.03 18.19±2.94
FPL 28.60 45.72 36.40±4.78
PQ 70.62 82.34 74.91±3.29
N=44 Forearm; AIONB, anterior interosseous nerve branches; 
UNB, ulnar nerve branches; MIN, minimum value; MAX, 
maximum value. 

Figure 1. Intramuscular nerve distribution in the 
FDP (right, deep side), the red dotted box represents 
the dense zone, and arrows indicate nerve termi-
nal branches (AIONB, anterior interosseous nerve 
branches; UNB, ulnar nerve branches).

intramuscular nerve terminal-dense areas were 
recorded as a percentage of the length of the 
muscle belly. After the specimens were photo-
graphed and diagrammed, the locations of 
intramuscular nerve terminal-dense zones 
were recorded as a percentage of the length of 
the forearm midline. The lengths of each 
stained muscle belly were normalized to the 
lengths of its original length measured before 
processing for staining.  

All of the experimental data were analyzed 
using SPSS17.0 statistical software. The α level 
was set at 0.05. The Wilcoxon signed-rank test 
was used to assess differences between both 
sides.
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Y-shaped nerve pattern at the proximal end and 
many small Y-shaped nerve patterns at the dis-
tal end were observed between the branch of 
the anterior interosseous nerve that supplies 
the third digital muscle belly and the branch of 
the ulnar nerve that supplies the fourth digital 
muscle belly (Figure 1). 

The distribution range of intramuscular nerve 
branches in the FDP is at 9.02% to 87.06% of 
the length of the forearm midline. The dense 
intramuscular nerve terminals present a tree-

The FPL is supplied by branches of the anterior 
interosseous nerve. The anterior interosseous 
nerve gives off 3 first-generation branches, 
which enter the FPL from the ulnar aspect of its 
proximal end and are distributed in a 3-dimen-
sional manner. There are 2 main forms of intra-
muscular nerve distribution patterns: 1) One of 
the first-generation nerve branches, relatively 
smaller in diameter, mainly supplies the proxi-
mal 1/3 of the muscle, and the other two, rela-
tively thicker in diameter, descend along the 
superficial or deep surface of the muscle belly 

Table 2. The percentage of the distances from the nerve terminal-dense zones to the proximal end of 
muscle belly (N1) and the nerve terminal-dense zones to the intercondylar line relative to the length of 
the forearm midline (N2), (mean ± SD)

Muscle Nerve terminal-dense zones
N1 N2

MIN (%) MAX (%) Percentage (%) MIN (%) MAX (%) Percentage (%)
FDP Upper radial aspect 25.82 34.12 29.85±2.62 36.94 43.99 40.36±2.23

Upper ulnar aspect 12.27 27.68 21.37±4.43 25.41 38.41 33.14±3.77
Lower middle muscle belly 48.25 63.81 57.74±4.40 56.00 69.23 63.54±3.66

FPL Middle muscle belly 35.79 55.66 44.73±5.57 56.83 70.19 62.84±3.74
PQ Middle ulnar aspect 26.86 62.24 45.17±11.48 81.65 90.84 84.24±3.01
N=44 Forearm; MIN, minimum value; MAX, maximum value.

Figure 2. Intramuscular nerve pattern in FDP (right, deep side). A: Drawing 
demonstrating the FDP is supplied by the AIONB and UNB. B: The dashed 
line represents the percentage of the dense zone of intramuscular nerves of 
the FDP relative to the forearm length. The black dots represent the percent-
age of the nerve entry point of the FDP relative to the forearm length (AIONB, 
anterior interosseous nerve branches; UNB, ulnar nerve branches; UN, ulnar 
nerve; MN, median nerve).

like shape. There appear to 
have three dense intramuscu-
lar nerve terminal zones. The 
first zone is located at the 
upper and radial aspect of the 
FDP and is formed by the dis-
tribution of the anterior inter-
osseous nerve at the upper 
part of the second and third 
digital muscle bellies. The 
second zone is located at the 
upper and ulnar aspect of the 
FDP and is formed by the dis-
tribution of the ulnar nerve at 
the upper part of the fourth 
and fifth digital muscle bel-
lies. The third zone is located 
at the upper-lower belly of the 
FDP and is formed by the dis-
tribution of the anterior inter-
osseous nerve and ulnar 
nerve at the third and fourth 
digital muscle bellies (Table 2 
and Figure 2).

Intramuscular nerve distribu-
tion patterns and localiza-
tion of nerve terminal-dense 
zones in the FPL
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located in the deep surface of the ulnar aspect 
of this muscle. The PQ is supplied by the final 
branch of the anterior interosseous nerve 
which enters this muscle from its upper edge 
and supplies the deep surface of the ulnar 
aspect of this muscle. Two main branches arise 
from the anterior interosseous nerve before or 
when it enters the muscle to supply the proxi-
mal or distal part of the muscle in a tree-
branch-like distribution. One main branch sup-
plies the proximal part and travels diagonally 
from the ulnar aspect to the radial aspect on 
the deep surface giving off 3 or 5 secondary 
branches that supply the superficial and deep 
muscular fibers of the proximal ulnar aspect 
and 2 or 4 branches that supply the superficial 
muscular fibers of the proximal radial aspect. 
The other main branch descends at the deep 
surface of the ulnar aspect to the distal part 
and gives off 1 to 3 secondary branches that 
supply the superficial and deep muscular fibers 
of the distal ulnar aspect. Then, this branch 
continues to pass through the deep muscular 
fibers diagonally from the ulnar to the radial 
aspect and gives off 3 to 5 branches that sup-

Figure 3. Intramuscular nerve distribution in the FPL 
(right, superficial side), the red dotted square rep-
resents the nerve terminal-dense zone, and arrows 
indicate nerve terminal branches (AIONB, anterior 
interosseous nerve branches).

Figure 4. Intramuscular nerve pattern in the FPL 
(right, superficial side). A: Drawing demonstrating 
the FPL is supplied by the AIONB. B: The red dashed 
line represents the percentage of the dense zone of 
intramuscular nerves of the FPL relative to the fore-
arm length; the dots represent the percentage of the 
nerve entry point of the FPL relative to the forearm 
length (AIONB, anterior interosseous nerve branch-
es; MN, median nerve).

on either side of the tendon and supply the dis-
tal 2/3 of the muscle. 2) The size of the three 
first-generation branches are similar. Two of 
them descend along the superficial or deep 
surface of the muscle belly on either side of the 
tendon and supply the proximal 2/3 of the mus-
cle; the other branch descends along the deep 
surface of the muscle belly on the tendon con-
tralateral edge and supplies the distal 1/3 of 
the muscle. Many minor branches arise from 
the three first-generation branches, travel 
toward tendons of the muscle and supply the 
superficial or deep surface of muscle belly on 
both sides of the tendons (Figure 3). The distri-
bution range of intramuscular nerve branches 
in the FPL is at 15.59% to 74.81% of the length 
of the forearm midline. Its dense zone of intra-
muscular nerve terminals is located at the mid-
dle of the muscle belly (Table 2 and Figure 4).   

Intramuscular nerve distribution patterns and 
localization of nerve terminal-dense zones in 
the PQ

The PQ includes a superficial layer of muscle 
and a deep layer of muscle. The deep layer is 
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ply the superficial muscular fibers of the distal 
radial aspect. The 2 main branches that supply 
the superficial muscular fibers have communi-
cation sites at the middle of the radial aspect. 
Thus, the intramuscular nerve branches distrib-
ute as circular shape on the radial side. The 
dense zone of intramuscular nerve terminals is 

Instead of using the MEP zone, some research-
ers have considered the “movement points” 
(motor nerve entry points) of the forearm mus-
cles [11, 22, 23] as the BoNT injection site for 
children due to the shortage of fresh human 
specimens that can be used to determine the 
MEP zone [24]. However, the movement points 

Figure 5. Intramuscular nerve distribution in the PQ (right, deep side), the red 
dotted square represents the nerve terminal-dense zone, and arrows indi-
cate nerve terminal branches (AIONB, anterior interosseous nerve branches).

Figure 6. Intramuscular nerve pattern in the PQ (right, deep side). A: Draw-
ing demonstrating the PQ is supplied by the AIONB. B: The red dashed line 
represents the percentage of the dense zone of intramuscular nerves of the 
PQ relative to the forearm length; the dots represent the percentage of the 
nerve entry point of the PQ relative to the forearm length (AIONB, anterior 
interosseous nerve branches; MN, median nerve).

located at the center of the 
circle in the middle ulnar 
aspect of this muscle (Figure 
5). The detailed location is 
listed in Table 2 and shown in 
Figure 6. 

Discussion 

Forearm muscle spasticity in 
children with cerebral palsy 
can result in extremity defor-
mations such as forearm pro-
nation and wrist or finger flex-
ion, which affect upper ex- 
tremity function [19]. BoNT 
injection into anterior com-
partment muscles of the fore-
arm can release spasticity 
and improve upper extremity 
function [7-9]. However, it has 
always been a challenge to 
select the appropriate BoNT 
injection site for the target 
muscle. In recent years, 
although the application of 
electromyograms, electrical 
stimulation, and ultrasound-
guided positioning techniques 
were used to determine an 
injection site, fine tuning of 
injection techniques are still 
needed. Kinnett conducted a 
retrospective study on BoNT 
injection in children and 
addressed the limitations of 
the current localization tech-
niques in accurately determin-
ing the injection site on the 
involved muscle because chil-
dren have smaller muscles 
and belong to a special, un- 
cooperative patient group. 
Therefore, a detailed forearm 
muscle anatomy is needed to 
help determining the safest 
and most effective injection 
site of BoNT in children [4]. 
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are not the actual MEP zones [13-15]. In this 
study, both the movement points (nerve entry 
points) and the dense zones (i.e., MEP zones)  
of intramuscular nerve terminals were investi-
gated. Our results have shown that the location 
of the MEP zone in each muscle is not consis-
tent with the location of the corresponding 
movement point. The movement point is not 
the MEP zone because there is a certain dis-
tance between them. The movement point and 
the MEP zone in the FPL are at 36.40% and 
62.84% respectively of the length of the fore-
arm, and the distance between them is the lon-
gest recorded in this study. The movement 
point and the MEP zone in the PQ are at 74.91% 
and 84.24% respectively of the length of the 
forearm, and the distance between them is the 
shortest. This result indicates that the distance 
between the movement point and the MEP 
zone varies between muscles. In muscles with 
a shorter distance between the movement 
point and the MEP zone, BoNT injection into the 
movement point may have a certain blocking 
effect because of the diffusion of the medica-
tion [4]. This explains why BoNT injection into 
the movement point may also have a therapeu-
tic effect. However, this observation does not 
support the idea that the movement point is 
the best target site for BoNT injection because 
the BoNT dose must be higher to allow effec-
tive diffusion to the MEP zone in the muscles 
with a longer distance between the injection 
site and the MEP zone. The increased dose will 
cause unwanted side effects and increased 
financial burden on patients. The nerve entry 
points on the FDP in this study and previous 
studies are compared in Table 3 [11, 19, 23, 
25]. Our results are consistent with the study by 
Bhadra but not with other studies done on adult 
human cadavers. Considering the similarly pro-
portioned distributions of body landmarks 
between children and adults, the inconsistency 
between the studies may be due to different 
measuring methods or individual techniques.

rately locate the MEP zones [26], rather, only 
provide anatomical data that help to locate 
BoNT injection sites close to MEP zones. 
Sihler’s intramuscular nerve staining technique 
clearly demonstrated the distribution pattern 
of the intramuscular nerve terminals in 3 
dimensions and then can determine the MEP 
location without damaging muscle fibers. This 
technique has been confirmed in studies by 
Amirali et al. [15]. Using a microdissection tech-
nique, Lepage et al. measured the distances 
from the nerve terminal-dense zones (starting 
from the proximal ends and distal ends respec-
tively) in FDP, FPL and PQ to the medial epicon-
dyle of the humerus [11]. We used the same 
measuring method but our results show that 
the ranges of these distances are narrower 
compared with Lepage’s results, indicating that 
the MEP locations determined by microdissec-
tion are somewhat different from that obtain- 
ed by Sihler’s nerve staining technique. The 
possible reasons may be that the smaller intra-
muscular nerve terminals visualized by our 
staining method cannot be visualized in micro- 
dissection. 

The FDP includes 3 intramuscular nerve termi-
nal dense zones but 4 muscle bellies. This 
means one of the muscle bellies has to have 
dual nerve innervations. When carrying out 
BoNT injection in this muscle, selective block-
age of certain muscle bellies can prevent the 
weakening of the entire muscular strength for 
finger flexion. Won et al. also utilized the Sihler’s 
nerve staining technique and body surface 
landmarks to locate the intramuscular nerve 
terminal dense zones in FDP from adult human 
cadavers [19]. They reported that 62.5% com-
munication sites between the median nerve 
and ulnar nerve in FDP were located at the dis-
tal muscle belly and were 61.6% of the length 
of the forearm midline away from the intercon-
dylar line of the humerus [20]. In our study, the 
nerve terminal dense zones in the middle-lower 

Table 3. Mean positions of the nerve entry points of FDP 
from the intercondylar line
Nerve entry point Ulnar nerve Anterior interosseous nerve  
Bhadra et al. [25] 15±5% 30±6%
Hwang K et al. [23] 26.5% 1/3 (33.3%) and 2/5 (40%)
Lepage D et al. [11] 27.3-31.2% 37.7%-54.1%
Won SY et al. [19] 28.9% 38.0%
This study 18.19±2.94% 30.55±5.14%

To find the optimal BoNT injection 
sites, some researchers, using micro-
dissection, found that the dense zones 
of the MEP were distributed between 
the proximal and distal ends of intra-
muscular nerve terminals [11, 22]. 
However, there were certain limita-
tions to these studies because it was 
almost impossible to visualize the neu-
romuscular junction in dissection. 
Therefore, these results cannot accu-
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muscle belly are 63.54% of the length of the 
forearm midline from the intercondylar line of 
the humerus. The dense zone locations were 
very similar between the two studies. These 
results indicate that a better anti-spasm effect 
can be achieved if BoNT is injected at the nerve 
terminal dense zones in the middle-lower mus-
cle belly of FDP when treating episodes of spas-
ticity in children with cereal palsy.  

For FPL, our study found that the intramuscular 
nerve dense zones were located in the middle 
muscle belly. This result is consistent with 
Peker’s findings [21], indicating the middle 
muscle belly in the FPL is the target site of 
BoNT injection. However, Peker et al. did not 
provide detailed information about surface 
landmarks for BoNT injection. 

The intramuscular nerve terminal dense zones 
in PQ have not been reported in previous stud-
ies. Our results show that the nerve terminal 
dense zones in PQ are located on the ulnar 
aspect of its middle part. This distribution may 
be related to its 2 layered structure (superficial 
and deep layers). Because the deep layer mus-
cle fibers are mainly located at the deep sur-
face of the ulnar aspect, the BoNT injection at 
the middle ulnar aspect can achieve better 
effect in PQ. 

In summary, when BoNT injection is used to 
relieve spasticity of FDP, FPL or PQ in children 
with cereal palsy, the optimal target sites for 
injection are at the lower-middle part of the 
FDP, the middle part of the FPL and the middle 
ulnar aspect of the PQ. This should help to 
achieve the best BoNT efficacy, to prevent side 
effects, and to reduce the financial burden of 
patients.
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