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Abstract: This study aimed to identify the location and depth of the center of intramuscular nerves dense regions 
(CINDRs) in anterior brachial muscles. Twelve adult cadavers were used. One side anterior brachial muscles were 
isolated and subjected to Sihler’s staining to show intramuscular nerve dense regions. Then the data was used to 
localize CINDRs in situ on the same muscles of the contralateral side. The localization method involved dissection 
and exposure of CINDRs, barium sulfate labeling, body surface reference line design, spiral computed tomogra-
phy scan, three-dimensional image reconstruction, and Syngo system measurements. The number of CINDRs in 
coracobrachialis, biceps brachii and brachialis muscle were 3, 2 and 2, respectively. The body surface coordinates 
for the three CINDRs in coracobrachialis muscle were at 24.22%, 18.89% and 8.15% on the horizontal reference 
line and 21.37%, 31.78% and 30.07% on the longitudinal reference line. For biceps brachii muscle, they were at 
49.68% and 40.28% on the horizontal reference line and 56.60% and 67.63% on the longitudinal reference line. 
For brachialis muscle, they were at 48.34% and 52.45% on the horizontal reference line and 71.30% and 81.62% 
on the longitudinal reference line. On cross-sectional planes, the depths of these CINDRs were at 22.81%, 26.76% 
and 27.99% (coracobrachialis); 14.79% and 17.45% (biceps); 34.03% and 30.26% (brachialis) of section diameters 
through CINDRs. These results may help to guide the injection of botulinum toxin A for the treatment of spasticity in 
the anterior brachial muscles and improve treatment efficacy and efficiency.

Keywords: Anterior brachial muscles, muscle spasticity, intramuscular nerve dense regions, spiral computed to-
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Introduction

The anterior brachial muscle group includes 
coracobrachialis, biceps brachii and brachialis 
muscles, which are all innervated by the mus-
culocutaneous nerve. These three muscles 
may develop spasticity in diseases associated 
with neuronal injury such as stroke, multiple 
sclerosis, spinal cord injury, cerebral palsy, and 
brain trauma [1-3]. Musculocutaneous neuroto-
my [4, 5], musculocutaneous neurolysis [6-8], 
and motor point block [9] are commonly used 
methods for the treatment of the spasticity of 
these muscles. Recently, injection of botulinum 
toxin A (BTX-A) to motor endplates to inhibit the 
release of presynaptic acetylcholine has be- 
come an increasingly popular method in treat-
ing the spasticity of the anterior brachial mus-

cles [10-12]. Therefore, accurate localization of 
the motor endplate regions becomes a prereq-
uisite for successful BTX-A injection therapy.

However, the motor endplate staining requires 
fresh human tissue which is difficult to obtain. 
As a result, many human muscular motor end-
plate bands have not been localized accurately, 
such as coracobrachialis and brachialis mus-
cles. Studies have found that the location of the 
intramuscular nerve dense region (IDNR) com-
pletely co-localize with the motor endplate. For 
example, the location of the biceps brachii mus-
cle’s IDNR, which shapes as an inverted “V”, is 
consistently co-localized with the motor end-
plate band [13]. Therefore, some investigators 
began to locate the intramuscular nerve dense 
regionin place for the motor endplate band [14-
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16]. However, take the brachialis muscle as an 
example, although there is a study of the type 
of intramuscular nerve branches through 
Sihler’s staining method [17], the location of 
the intramuscular nerve dense region has not 
been studies. There was a study about intra-
muscular nerve branches and their locations 
through microanatomy dissection, but it did not 
show intramuscular nerve terminal branches’ 
dense region as shown with the Sihler’s stain-
ing [18]. For the coracobrachialis muscle, none 
of the above have been done.

Although there are descriptions about the supe-
rioinferior relationship between the nerve 
branches and the body bony landmarks of the 
biceps and brachialis, the mediolateral rela-
tionship and the puncture depth are still not 
revealed. The skin surface location of the punc-
ture point is not yet defined, making it difficult 
for clinical application. It is also worth mention-
ing that the intramuscular nerve dense region 
is a region, not a point. Therefore, inaccurate 
localization does not help to achieve a satisfac-
tory result in BTX-A therapy for muscle spastic-
ity. It has become necessary to obtain more 
accurate anatomical information of the INDRs.

This study adopted a modified Sihler’s staining 
method to reveal the IDNRs and the centers of 
INDRs (CINDRs) on isolated muscles and apply 
this knowledge to the comparable contralateral 
muscles in situ through barium sulfate labeling, 
spiral CT scanning, and three-dimensional 
image reconstruction. We then mapped out the 
CINDRs of the in situ anterior brachial muscles 
in relationship to bony landmarks and the depth 
underneath the skin. We hope that this work 
can provide application guidance for the BTX-A 
injection and to improve the efficacy and effi-
ciency of muscle spasticity treatment.

Materials and methods

Specimen and ethics

A total of 12 adult cadavers (7 men, 5 women) 
were collected. There were no history of neuro-
muscular disease, nor chest and upper limb 
deformity. The bodies were fixed with formalde-
hyde and the anatomical position was main-
tained. This experiment was carried out under 
the consent of our school ethics committee.

Gross anatomy and measurement

Cadavers were placed insupine position. A lon-
gitudinal skin incision was made from the acro-
mion to 1 cm posterior to the lateral epicondyle 
of humerus. A transverse skin incision was 
made from the acromion to 1 cm above the 
jugular notch. A third skin incision was done 5 
cm below the connecting line from medial epi-
condyle to lateral epicondyle of humerus. After 
reflecting the skin and subcutaneous fat, we 
incised the attachment of pectoralis major to 
the humerus and reflect it medially. The attach-
ments of all three anterior brachial muscles 
were dissected and exposed. These muscles 
were carefully separated from the bone surface 
and completely removed from one side (6 left 
and 6 right, of all 12 cadavers). Muscles were 
measured with a vernier caliper for their length 
(from the nearest origin to the farthest inser-
tion) and width (from medial to lateral).

Reference line design

In order to map out the positions of the CINDRs 
in each muscle on a two-dimensional plane, 
i.e., superioinferior and mediolateral, we estab-
lished a coordinate system by using the bony 
landmarks in the upper limb. The acromion (A), 
lateral epicondyle of humerus (B), medial epi-
condyle of humerus (C), and the lowest point of 
jugular notch (D) were used to design reference 
lines. The connecting line, which is slightly 
curved on skin surface, between point A and B 
is defined as the longitudinal reference line (L). 
Two body surface horizontal reference lines (H) 
were designed as H1 connecting A to D and H2 
connecting B to C, both of which were slightly 
curved on skin surface. H1 was used for coraco-
brachialis muscle and H2 for brachialis and 
biceps brachii muscles (Figure 1A). 

Sihler’s staining method showed intramuscu-
lar nerve dense regions

Fat and fascia were trimmed off from the mus-
cle specimens harvested for Sihler’s staining 
process. Briefly, specimens were soaked in a 
solution containing 3% hydroxide and 0.2% per-
oxide for 4 weeks; decalcified 4 weeks in 
Sihler’s I solution (1 portion glacial acetic acid, 
2 portions of glycerin, and 12 portions of 1% 
chloral hydrate); stained in Sihler’s II solution (1 
Ehrlich dyeing liquid, 2 copies of glycerin, 12 
copies of 1% chloral hydrate) for 4 weeks; 
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decolorized in Sihler’s I solution 3~20 h; neu-
tralized in 0.05% lithium carbonate solution for 
2 hours; and soaked in steps in gradient glycer-
ine (40%, 60%, 80%, 100%) for 1 week to 
obtain transparency. The intramuscular distri-
bution of nerve branches was carefully obse- 
rved under X-ray and the distribution patterns 
were hand drawn. The length and width of 
INDRs in each muscle were measured with a 
vernier caliper and calculated for its area of dis-
tribution. The position of CINDRs in each mus-
cle were located as a percentile to the muscle 
length and width.

threads were sewn to skin surface representing 
the body surface reference lines of H and L. 
Specimens were then scanned with the 16-row 
spiral computed tomography (Siemens, Ger- 
many). Three-dimensional image reconstruc-
tion was done based on the CT scan data. The 
barium sulfate labeled spots that first appeared 
in a distal-to-proximal cross section plane was 
defined as a CINDR. Using the same indicator 
lamp, with the aid of spiral CT scanning, a nee-
dle was inserted through skin perpendicular to 
the coronal plane toward the CINDR. The nee-
dle insertion point was defined as projection 

Figure 1. CT imaging of the CINDR localization of the anterior brachial muscles 
of the left arm. A. 3D reconstruction image from spiral CT showing body surface 
projection positions of CINDRs and reference lines. P1a, P1b and P1c were the 
body surface projection points for CINDRs of coracobrachialis, P2a and P2b of the 
short head and the long head of biceps brachii, P3a and P3b of brachialis. AB=L, 
A-P1a-L=L1a’, A-P3b-L=L3b’; AD=H1, BC=H2, A-P1a-H=H1a’, B-P3b-H=H3b’. B. The length 
of L and L3b’ were measured on the coronal section through AB line (brachialis 
muscle as an example); C. The length of H2 and H3b’ were measured on the 
cross section through H2 line; D. The depth of CINDR3b was measured on the 
cross section through P3b.

Spiral CT localization of 
CINDR 

According to our previous 
published CINDR localiza-
tion method [16], anterior 
arm group muscles were 
carefully dissected and 
exposed on the contralat-
eral side, i.e., the contralat-
eral side of where muscles 
were removed for Sihler 
staining. Muscles were left 
in situ and measured for 
length, width and thickness 
using a vernier caliper. The 
Sihler’s staining results 
obtained from the muscles 
removed previously on the 
contralateral limb were 
used as a reference to find 
the corresponding posi-
tions of the CINDRs of the 
muscles in situ. Barium sul-
fate (Shandong Jiashuo 
Radiation Protection Eng- 
ineering Co. Ltd., China) 
mixed with 801 glue 
(Shanghai Micro Spectrum 
Chemical Technology Se- 
rvices Co., China) were 
injected into the location  
of measured CINDRs and 
the dissection was then 
sutured back to normal 
anatomical position. A nee-
dle was inserted at each 
body surface bony land-
marks and the needles 
were connected with silk 
threads soaked with bari-
um sulfate. These silk 
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point (P) of CINDR and was considered as the 
body surface puncture point for the specific 
CINDR. According to Sihler’s staining results, 
there were 3 CINDRs in coracobrachialis, 2 in 
biceps brachii and 2 in brachialis muscles 
respectively. The CINDRs in coracobrachialis 
were named as CINDR1a, CINDR1b and CINDR1c, 
the P points were P1a, P1b, P1c. Similarly, the 
CINDRs in biceps brachii were named as 
CINDR2a and CINDR2b and the P points as P2a 
and P2b. The CINDRs in brachialis were CINDR3a 
and CINDR3b with the P points as P3a and P3b. 
Following repeated CT scanning, three-dimen-
sional image reconstruction was carried out 
and a curve measuring tool was used under the 
Syngo system (Siemens, Germany). The total 
lengths of L and H were measured along the 
coronal and cross-skin surfaces, respectively. 

tion of the CINDRs on body surface. In the 
cross-sectional images, from P point, through 
CINDR, projecting to the skin surface of the 
opposite side created a skin surface point des-
ignated as P’. Lines P-CINDR and PP’ were mea-
sured using a linear tool (Figure 1D). P-CINDR/
PP’ × 100% was calculated in order to deter-
mine the percentage puncture depth. After the 
above in situ localization procedure, the 12 
sets of in situ anterior brachial muscles were 
removed and subjected to Sihler’s staining to 
verify the intramuscular nerves distribution 
pattern and position of CINDR and to compare 
with those on the contralateral sides.

Statistical processing

The experimental results were expressed as a 
percentage of total length of muscles or on ref-
erence lines to eliminate the differences of 
body weight and height between individuals. 
The comparison between two sides was calcu-
lated with paired t test, and the level of signifi-
cance was 0.05.

Results

Localization of INDRs and CINDRs on isolated 
muscles

The coracobrachialis branch of musculocuta-
neous nerve entered the muscle from deep sur-

Figure 2. The intramuscular nerves distribution pattern and the position of 
CINDRs in the right coracobrachialis muscle. A. Sihler’s staining showed the 
distribution of intramuscular nerve. B. A schematic drawing showing the intra-
muscular position of INDRs and CINDRs. The red boxes are INDRs, and the red 
dots represent CINDRs.

Table 1. The percentage location of CINDR on 
muscle length and width

CINDR Location of CINDR
on muscle length (%)

Location of CINDR
on muscle width (%)

CINDR1a 21.46±0.56 34.84±0.46
CINDR2b 39.26±1.15 28.81±0.25
CINDR3c 38.58±0.78 81.35±0.75
CINDR2a 40.67±0.35 29.07±0.33
CINDR2b 55.93±0.84 70.12±0.74
CINDR3a 33.78±0.44 68.63±0.39
CINDR3b 45.27±0.76 21.96±0.34

The intersection point of 
the horizontal line and line 
L through P was designated 
as PL, the length between 
the point A and PL was des-
ignated as L’. For coraco-
brachialis, the intersection 
point of the vertical line and 
line AD (H1) through P was 
designated as P1H, A-P1H= 
H1’. For the biceps brachii 
and brachialis, the inter-
section point of the straight 
line parallel to the axis of 
the arm and line BC (H2) 
through P was designated 
as P2H or P3H, the length 
between point B and PH 
was designated as H2’ or 
H3’ (Figure 1A-C). The H’/H 
× 100% and L’/L × 100% 
were calculated to deter-
mine the percentage posi-
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face at 24.45% of muscle length and traveled 
to the center of the muscle and then, often 
divided into 5 primary nerve branches. Three 
primary branches traveled inferomedially, pro-
jected abundant arborized branches, anasto-
mosed with each other into a network, and dis-
tributed to the muscle fibers on the medial half 
of the muscle. There were two intramuscular 
nerve dense regions (INDR1a, INDR1b) at 
17.39%~25.54% and 29.89%~48.64% level of 
muscle length respectively covering two areas 
about (6.54±0.22) and (13.15±0.47) cm2. The 
other two primary branches traveled inferolat-
erally to the lateral half of the muscle. One of 
them divided into 2 secondary branches reach-
ing the proximal 10.32% and the distal 77.71% 
level of muscle length respectively. There was 1 
nerve dense region (INDR1c) at 33.69% to 
42.93% of muscle length and it covers an area 
of (4.15±0.37) cm2. The other primary branch 
traveled more distal reaching 84.78% of mus-
cle length. The positions of above three INDRs 
were shown in Figure 2 and Table 1.

The musculocutaneous nerve extended two 
branches to biceps brachii from deep surface 
at 25.84% of the muscle length into the short 
head and the long head patterned like an 
inverted V shape. Four primary branches come 
off from the short head branch at 29.66% of 
the muscle length. One of them on the medial 

of muscle length. There was one intramuscular 
nerve dense region (INDR2b) formed with an 
area of (21.83±0.53) cm2. The INDR2a was 
located higher than INDR2b. The location of 
these CINDRs were shown in Figure 3 and 
Table 1.

The nerve branch for brachialis entered the 
muscle at medial 18.24% of muscle length. It 
divided into to two primary branches at 27.02% 
muscle length. The lateral primary branch sent 
three secondary branches going laterally and 
sending many arborized branches, which 
formed an intramuscular nerve dense region 
(INDR3a) at 19.59%~47.29% muscle length 
occupying an area of (18.48±0.39) cm2. The 
medial primary branchal so sent three second-
ary branches at 32.43% muscle length with the 
middle one traveled the furthest to 87.83% of 
muscle length. These nerve branches formed 
an intramuscular nerve dense region (INDR3b) 
with an area of (6.48±0.27) cm2. INDR3a was 
located higher than INDR3b and their coordi-
nates on muscle length and width are shown in 
Figure 4 and Table 1.

Spiral CT localization of the anterior brachial 
muscle CINDRs

The projection positions of body surface and 
depths of CINDR1a, CINDR2b and CINDR3c in cor-

Figure 3. The intramuscular nerve distribution pattern and the position of CIN-
DRs in the right biceps brachii muscle. A. Sihler’s staining showing the distri-
bution of intramuscular nerve branches. B. A schematic drawing showing the 
intramuscular position of INDRs and CINDRs. The red boxes are INDRs, and the 
red dots represent CINDRs.

of muscle turned superome-
dially and reached 10.16% 
level of muscle length and 
innervated the muscle fi- 
bers of short head upper 
part. The other three prima-
ry branches traveled infero-
medially, with one thicker 
branch projected abundant 
arborized branches along 
the way anastomosing with 
the other two primary 
branches and forming an 
oblique intramuscular nerve 
dense region (INDR2a) at 
29.66%~52.54% of muscle 
length occupying an area of 
(21.73±0.48) cm2. The long 
head branch divided into 
three primary branches at 
43.64% of muscle length 
running inferolaterally giv-
ing off many arborized bra- 
nches. It reached 68.22% 
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acobrachialis, CINDR2a and CINDR2b in biceps 
brachii, and CINDR3a and CINDR3b in brachialis 
muscles on body surface were shown in Figure 
1 and Table 2. Here, we used CINDR3b of bra-
chialis as a representative demonstration 
(Figure 1A-D). The positions of the CINDRs 
between the left and the right were compared 
and there was no statistical significance, 
P=0.09.

Discussion

Muscle spasticity is one of the common clinical 
manifestations as results of many central ner-
vous system injuries. Muscle spasticity often 
occur in upper limb flexor and lower limb exten-

Previous studies have shown that the motor 
endplate of biceps brachiiis an inverted “V” in 
shape and is located together with the intra-
muscular nerve dense region. The medial part 
of this motor endplate band is located at 7 cm 
above the olecranon, the lateral part at 8 cm 
above the olecranon, and the central part at 11 
cm above the olecranon [13]. However, in this 
study the measurements about the distances 
between the position of the motor endplate 
band and the bony landmarks were expressed 
as absolute value, which is not necessarily 
accurate when applying to individuals with dif-
ferent height and body weight. Also, the 
3-dimensional relationship between the end-
plate band and the bony landmarks was not 

Table 2. The location of PH and PL on Line H and L and the depth of 
CINDRs on PP’

CINDR Location of PH on H (%)
H’/H (%)

Location of PL on L (%)
L’/L (%)

Depth of CINDR (%)
P-CINDR/PP’ (%)

CINDR1a 24.22±1.49 21.37±2.48 22.81±1.59
CINDR1b 18.89±1.49 31.78±2.32 26.76±1.32
CINDR1c 8.15±1.14 30.07±1.12 27.99±2.04
CINDR2a 49.68±2.03 56.60±3.35 14.79±1.35
CINDR2b 40.28±2.58 67.63±3.29 17.45±1.28
CINDR3a 48.34±3.25 71.30±3.06 34.03±1.10

CINDR3b
52.45±3.47 81.62±4.70 30.26±3.14

Figure 4. Intramuscular nerve distribution pattern and positions of CINDRs in 
the right brachialis muscle. A. Sihler’s staining showing the distribution of intra-
muscular nerve branches. B. A schematic drawing showing the intramuscular 
positions of INDRs and CINDRs. The red boxes are INDRs, and the red dots 
represent CINDRs.

sor, defined as “Wernicke-
Mann” posture [12]. The 
elbow joint flexors are at a 
high risk of muscle spastic-
ity, in which patients usually 
show elbow flexion with dif-
ficulties in stretching the 
arm, in dressing themselv- 
es, and in reaching objects 
[2]. Therefore, relieving the 
muscle spasticity and in- 
creasing the mobility of the 
elbow joint are the focuses 
of rehabilitation medicine. 
However, when using botuli-
num toxin A injection to 
treat muscle spasticity, the 
accuracy for blocking tar-
gets is still an issue al- 
though the procedure can 
be assisted with palpation, 
electromyography, electri-
cal stimulation, and ultra-
sound. There are various 
limitations associated with 
these assisting methods 
and as a result, inaccurate 
blocking injection creates 
unavoidable exploratory sk- 
in punctures bringing pain 
and unnecessary complica-
tions to patients. Therefore, 
it is necessary to obtain 
more detailed information 
about the anatomical local-
ization of the injection tar-
gets, i.e., INDRs and CIN- 
DRs.
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revealed, instead, only muscle origins and 
insertions were described. It is difficult for clini-
cians to exactly locate the injection target from 
the body surface based on this data. Moon et al 
located the position of the motor point in the 
biceps by using standard electrophysiology 
approach from body surface but he did not 
reveal the puncture depth. Another study 
revealed the intramuscular nerve branch dense 
regions of the biceps and brachialis via micro-
anatomy and established their three-dimen-
sional relationship but did not indicate body 
surface puncture location [18]. All of these 
studies measured distances between the 
blocking target and the bony landmarks in a 
straight line whereas the body surface is actu-
ally curved. Therefore, results from these 
research data may not guide actual operation 
accurately. The results of our study are differ-
ent from those of the above studies because 
we took into consideration of body surface cur-
vature in our measurement.

Our results suggest that when clinicians need 
to locate the CINDRs of the coracobrachiali, 
they should measure the curved distance 
between the acromion and the lowest point of 
jugular notch using a tape measure placed 
close to skin. Then, at the corresponding per-
centage position draw a vertical line downward. 
Another body surface curved line should be 
drawn from the acromion to the lateral epicon-
dyle of humerus. A horizontal line at the corre-
sponding position can be also produced. The 
intersection of the vertical and horizontal lines 
on body surface is the skin puncture point (P). 
Using a pelvis measuring instrument, starting 
from P point through the coronal plane to the 
opposite side, the PP’ line can be measured. 
Calculated corresponding percentage will allow 
one to obtain the puncture depth. Similar meth-
ods can be used to localize the CINDRs of 
biceps brachii and brachialis muscles.

The target of BTX-A treatment is the motor end-
plate and therefore, its treatment efficacy 
depends on the distance between the needle 
tip and the endplate. Because the BTX-A injec-
tion is a dose-dependent nerve blocking pro-
cess, the reagent diffuses immediately within a 
few centimeters near the tip of the needle once 
injected into the muscle [19]. Therefore, our 
experiment was aimed at CINDR as the target 
location with a hope that the drug would diffuse 
and infiltrate the surrounding nerve branches. 

However, there are 2~3 INDRs in these muscles 
and they are not located close to each other. 
This indicates that multiple point injections 
may produce better effects. If BTX-A injection 
site deviates 5 mm from the motor endplate, 
the antispasmodic effect will be reduced by 
50% [20]. Although increasing BTX-A dosage 
within a certain range may improve the thera-
peutic effect, regional muscle fibrosis and 
excessive muscle relaxation may happen when 
long-term and high doses are used. In addition, 
repeated BTX-A injections bring pain to patients 
and can also lead to ineffective or invalid BTX-A 
treatment [21]. Therefore, appropriate amount 
of BTX-A should be injected into the effective 
part of the target muscle (INDR). Studies have 
shown that 1 unit BTX-A can infiltrated 1.5~3 
cm2 tissue area, 2.5~5 units are dispersed to 
4.5 cm2 [16, 19]. In the cases of coracobrachia-
lis, biceps brachii, and brachialis muscle spas-
ticity, the required BTX-A dose are (40±5.0), 
(111.7±48.0) and (4.1±23.2) 5 units respec-
tively [22, 23]. However, based on the calcula-
tions of INDR areas in our results, dosages 
needed for BTX-A injected into the CINDR are 
14 to 28 units for coracobrachialis, 24 to 48 
units for biceps brachii, and 14 to 28 units for 
brachialis muscles. This will largely reduce the 
injection dose, therefore the cost for the medi-
cine, and greatly increase the effects of 
treatment.

In summary, this study showed that intramus-
cular INDRs of the anterior brachial muscles 
can be revealed through modified Sihler’s stain-
ing method. They can be also localized in situ 
via barium sulfate marking, spiral CT scanning, 
and 3-D image reconstruction. Body surface 
bony landmarks help to design reference lines, 
which can be conveniently used to localize the 
CINDRs on body surface as well as to measure 
the puncture depth. The curved skin surface 
reference lines and the percentage calcula-
tions on these lines help to increase measure-
ment accuracy and feasibility. It can provide 
scientific guidance to improve the efficiency 
and efficacy in treating the anterior brachial 
muscle spasticity. Nevertheless, we still recom-
mend that auxiliary methods such as combined 
electrical stimulator, ultrasound, or electromy-
ography are used in clinical application in order 
to further reduce the pain caused by explorato-
ry punctures. After all, the efficacy of these 
results still needs to be confirmed by clinical 
application.
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