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SUMMARY:  This study aimed to define the precise body surface puncture points and depths for the central region of
highest muscle spindle abundance (CRHMSA) in posterior forearm muscles to guide botulinum toxin injections. In a study using 24
cadavers, we employed Sihler's staining for intramuscular nerves, histological quantification for muscle spindles, and computed
tomography scanning for CRHMSA localization. Reference lines included the horizontal (H-line, between the humeral epicondyles)
and longitudinal (L-line, from the lateral epicondyle to the radial styloid). The PP' line, representing puncture depth, was defined as
the distance between the CRHMSA's anterior (P) and posterior (P') skin projections. The CRHMSA was located in the middle of the
nerve-dense region (INDR) for the extensor carpi radialis longus, extensor carpi radialis brevis, extensor digitorum, extensor digiti
minimi, abductor pollicis longus, extensor indicis, and supinator, and in the upper portion of the INDR for the extensor carpi ulnaris,
extensor pollicis brevis, and extensor pollicis longus. The H-line coordinates were 14.67 %, 19.61 %, 10.66 %, 37.56 %, 25.75 %,
48.48 %, 39.51 %, 45.86 %, 33.40 %, and 50.80 %, respectively. L-line coordinates were 3.45 %, 39.50 %, 21.61 %, 44.20 %, 53.88
%, 86.39 %, 25.74 %, 37.67 %, 77.51 %, and 69.46 %, respectively. Puncture depths were 9.67 %, 6.52 %, 13.62 %, 10.35 %, 30.48
%, 14.99 %, 22.45 %, 12.65 %, 16.21 %, and 28.44 % of the PP' line, respectively. These findings provide anatomical guidance to
enhance the accuracy of botulinum toxin injections for spasticity treatment.

KEY WORDS: Muscles of the compartment of forearm; Intramuscular nerve; Muscle spindle abundance; Botulinum
toxin; Target localization.

INTRODUCTION

With the advancement of medicine, the survival rate
of patients with central nervous system diseases such as
stroke, traumatic brain injury, and spinal cord injury has
significantly improved. However, there are about 65 % to
80 % of these patients experience secondary muscle spasms
(Mahrous et al., 2024; Therkildsen et al., 2024). The
symptoms of forearm posterior muscle spasm manifest as
muscle stiffness and pain, occasionally accompanied by
involuntary movement, which seriously affects daily life
(Schnitzler et al., 2022). In addition, lateral epicondylitis is
commonly associated with elbow pain and often affects the
extensor carpi ulnaris, extensor digiti minimi, extensor
pollicis longus, and extensor carpi brevis (Galván Ruiz et

al., 2019; Poenaru et al., 2024). Diseases such as Parkinson's
disease and multiple sclerosis can also cause upper limb
tremors, leading to functional impairments in drinking,
eating, writing, and create social anxiety (Motavasseli et
al., 2024).

Botulinum toxin (BoNT) has become an effective
treatment for muscle spasms, muscle tone disorders, and
related pain by blocking the release of acetylcholine at the
motor endplate (Yu et al., 2023; Facciorusso et al., 2024).
However, due to difficulties in obtaining fresh specimens,
the localization research of the motor endplate band of the
forearm posterior group muscles is not yet sufficient.
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Previous studies have shown that the intramuscular nerve-
dense region (INDR), is located in the same position as the
motor endplate and can serve as an alternative target for
BoNT injection (Wang et al., 2022; Ji et al., 2025).
Considering the large range of INDR, conventional multi-
point high-dose injections into the INDR can easily cause
side effects (Slawek et al., 2005; Kroumpouzos et al., 2021).
Muscle spindles, functioning as allometric stretch receptors,
play a crucial role in a-g loop regulation (Li et al., 2021).
However, the distribution of muscle spindles is uneven, with
higher abundance within the INDR (Hesse et al., 2001;
Phadke et al., 2013; Zhou et al., 2024). Therefore, accurately
locating the center of the region of the highest muscle spindle
abundance (CRHMSA) in INDR is expected to achieve
efficient blockade of the intrafusal muscle fibers by BoNT,
along with reducing its impact on the extrafusal muscle fibers
and improving the quality of rehabilitation.

The aim of this study is to anatomically locate the
surface projection and the depth of CRHMSA in the posterior
forearm muscle group in order to provide clinical guidance
for BoNT injection therapy.

MATERIAL AND METHOD

Specimen and ethical approval. Overall, 24 adult cadavers
[aged 35–75 (mean, 57.7 ± 11.5) years] were included in
this study (12 male and 12 female). The donors had no history
of neuromuscular diseases or upper limb deformities. The
causes of death of these donors were cancer, heart disease,
and accidents. The informed consent of all body donors was
obtained from the body subjects/and or their legal guardians/
next of kin. This study was conducted in accordance with
the Helsinki Declaration of 1964 and its subsequent
amendments. Specimen collection and related experiments
were approved by the Ethics Committee of Zunyi Medical
University (Approval Number: #2022–1–008, January 4th,
2022). For Sihler's staining, 12 specimens (from six male
and six female individuals) were fixed with formalin. To
avoid tissue deformation by formalin fixation and better
characterize the native state, the remaining 12 fresh cadavers
preserved by freezing (6 male and 6 female) were used for
optimal target localization.

Gross anatomical observation and reference line design.
With the cadaver lying supine, a longitudinal incision was
made between the medial epicondyle of the humerus and
the ulnar styloid process, and two horizontal incisions were
made at 5 cm above the line between the medial and lateral
epicondyles of the humerus, and at the line connecting the
radial and ulnar styloid processes. The skin and subcutaneous
fat were turned laterally as a layer, and the radial nerve and
its branches innervating the posterior forearm muscles were

separated and exposed to observe their location, quantity,
and the presence or absence of vascular accompaniments
at the nerve entry points. To facilitate the description of the
spatial relationship between botulinum toxin (BoNT) block
target and bony landmarks, two body surface reference lines
were designed: the curved percutaneously line connecting
the lateral epicondyle of the humerus (point a) and the
medial epicondyle of the humerus (point b) was designated
as the horizontal reference line H; the line connecting the
lateral epicondyle of the humerus and the styloid process
of the radius (point c) was designated as the longitudinal
reference line L.

Modified Sihler 's staining to determine the
intramuscular nerve-dense region. The posterior forearm
muscle samples of 12 corpses fixed with formalin were
collected and stained with modified Sihler's staining. The
process was as follows: Depigmentation: placed in the
leaching solution (3 % potassium hydroxide and 0.2 %
hydrogen peroxide) for 3-4 weeks; Decalcification:
transferred to Sihler's I solution (glacial acetic acid, glycerol
and 1 % chloral hydrate volume ratio of 1:2:12) for 3-4
weeks; Staining: immersed in Sihler's II solution (Ehrlich
hematoxylin, glycerol and 1 % chloral hydrate volume ratio
of 1:2:12) for 4 weeks; Decolouration and neutralization:
decolouration in Sihler's I solution for 2-20 hours, followed
by neutralization in 0.05 % lithium carbonate solution for 2
hours; Transparency: transparent for 1 week in a gradient of
alcohol at a concentration of 40 % to 100 %. After staining,
the muscles were placed on the X-ray reading box according
to the anatomical position to observe the distribution pattern
of intramuscular nerves. The specific location of the
intramuscular nerve dense area (INDR) in the muscle belly
was measured using a vernier caliper.

H&E staining and muscle spindle abundance calculation.
Twelve fresh-frozen corpse samples were thawed, and the
posterior forearm muscles were dissected and isolated.
According to the results of Sihler's staining, each sample’s
corresponding INDR was divided into upper, middle and
lower equal segments along the longitudinal axis. After
weighing the tissues of each part, dehydration, paraffin
embedding, continuous sequential cross-section (5 µm-thick
slices) and H&E staining were performed in steps. The actual
number of muscle spindles was counted under the
microscope (Note: the muscle spindles appearing in the same
position in the sequential section were counted only once).
The predicted number of muscle spindles was calculated
according to the formula published in the reference (predicted
number of muscle spindles Spn = 20.5m

n
0.49, where m

n
 is

muscle weight) (Banks, 2006). Muscle spindle abundance
is expressed by dividing the actual number by the predicted
number. By comparing the abundance of muscle spindles in
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the upper, middle and lower parts of INDR, the region with the
highest muscle spindle abundance was determined, which was the
target area of spasmodic muscle nerve block.

Spiral CT localization of CRHMSA. The thawed fresh muscles,
each matched the size of the muscles removed for muscle spindle
staining, were put in place of the vacancies left. Medical barium
sulfate powder mixed with 801 glue was injected into these muscles
to label the location of CRHMSA. Then the muscles were sutured
back layer by layer in situ. The 128-slice spiral CT (scanning
parameters: 120 kV, slice thickness 1 mm, collimation 64×0.5 mm,
pitch 1:1) was used for scanning and three-dimensional
reconstruction. The CRHMSA of the extensor carpi radialis longus,
extensor carpi radialis brevis, extensor digitorum, extensor digiti
minimi, extensor carpi ulnaris, abductor pollicis longus, extensor
pollicis brevis, extensor pollicis longus, extensor indicis and
supinator were numbered as CRHMSA1 through CRHMSA

10
. The

projection point of each CRHMSA on the body surface was defined
as the puncture point (point P), and recorded as P

1
 to P

10
.

In the Syngo system (Siemens, Germany), the total length
of the H and L lines were measured on the cross-sectional and
coronal planes close to the skin using a curve measurement tool.
The intersection points with H and L lines are defined as P

H
 (P

1H
-

P
10H

) and P
L
 (P

1L
-P

10L
). The lengths from point a to P

H
 and P

L
 were

measured and recorded as H' (H
1
' -H

10
') and L' (L

1
' -L

10
'). By

calculating H'/H×100 % and L'/L×100 %, the percentage position
of point P in the body surface coordinate system was determined.
On the cross section, the line between point P and deep CRHMSA
was projected to the skin in reverse direction, which was recorded
as point P' (P

1
' -P

10
'). The depth from point P to CRHMSA (P-

CRHMSA) and the length from point P to point P' (PP') were
measured. The percentage depth of CRHMSA was determined by
calculating P-CRHMSA/PP'×100 %.

Statistical analysis. To eliminate individual variations, all
measurement data was converted into their own percentage (x + ±
S, %). SPSS 21.0 software (IBM, USA) was used for statistical
analysis: paired t-test was used for comparison between the left
and right sides; the independent sample t-test was used for
comparison between men and women; and one-way ANOVA was
used for comparison of muscle spindle abundance among the upper,
middle and lower parts of INDR. The test level is set to α = 0.05.

RESULTS

Gross anatomy and Sihler's staining findings. The radial nerve
is divided into superficial and deep terminal branches above the
lateral epicondyle of humerus. The deep branch descends on the
deep surface of the extensor carpi radialis brevis, and sends out
several muscle branches before passing through the supinator. After
the supinator muscle, the deep branch sends out remaining muscle
branches (Fig. 1).

Fig. 1. Gross anatomy of the posterior forearm muscles
innervation. 1 = extensor carpi radialis longus, 2 = extensor
carpi radialis longus nerve entry point, 3 = extensor carpi
radialis brevis, 4 = extensor carpi radialis brevis nerve entry
point, 5 = extensor digitorum, 6 = extensor digitorum nerve
entry point, 7 = extensor digiti minimi, 8 = extensor digiti
minimi nerve entry point, 9 = extensor carpi ulnaris, 10 =
extensor carpi ulnaris nerve entry point, 11 = abductor
pollicis longus, 12 = abductor pollicis longus nerve entry
point, 13 = extensor pollicis brevis, 14 = extensor pollicis
brevis nerve entry point, 15 = extensor pollicis longus, 16 =
extensor pollicis longus nerve entry point, 17 =extensor
indicis, 18 = extensor indicis nerve entry point, 19 =
supinator, 20 = supinator nerve entry point.
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The nerve branch to the extensor carpi radialis
longus is separated from the radial nerve trunk above the
lateral epicondyle of the humerus and enters the muscle in
the upper part on medial side of the muscle (Fig. 1). After
the nerve entered the muscle, it was divided into two
primary nerve branches, and then the branch-like branches
formed a nerve intensive area (INDR

1
) with an area of about

(3.47±0.67) cm2 at the level of (36.19±0.88) % to
(52.90±0.64) % of the muscle belly length (Fig. 2).

The nerve branch to the extensor carpi radialis brevis
is issued from the deep branch of the radial nerve below
the lateral epicondyle of the humerus, and enters the muscle
deep in the center of the upper muscle belly (Fig. 1). After
entering the muscle, it is often divided into two primary
nerve branches. The dendritic branches form a nerve dense
region (INDR

2
) with an area of about (4.25±0.29) cm2 at

the level of (30.56±0.35) % to (52.41±0.33) % of the muscle
belly length (Fig. 2).

The nerve branch of the extensor digitorum muscle
is issued from the deep branch of the radial nerve through
the supinator muscle and enters the muscle in the middle
of the superficial surface of the muscle (Fig. 1). After
entering the muscle, it is often divided into three primary
nerve branches. The dendritic branches form an area of
(2.24±0.18) cm2 nerve dense area (INDR

3
) at the level of

(20.54±0.30)  % to (39.60±0.32)  % of the length of the
muscle belly (Fig. 3).

The nerve branch of the extensor digitorum minimi
is issued from the deep branch of the radial nerve through
the supinator muscle and enters the muscle at the upper
part of the muscle belly (Fig. 1). After the nerve enters the
muscle, the branches at all levels form a nerve dense area
(INDR

4
) with an area of about (0.46±0.08) cm2 at the level

of (39.37±0.26) % to (52.43±0.25) % of the muscle belly
length (Fig. 3).

Fig. 2. Sihler's staining of extensor carpi radialis longus and extensor carpi
radialis brevis. A and B: Sihler's staining of extensor carpi radialis longus
and extensor carpi radialis brevis. Scale bar, cm. The red box represents INDR.
The red dot represents the CRHMSAs. C: Schematic diagram of A and B.

The nerve branch of the
extensor carpi ulnaris is issued after
the deep branch of the radial nerve
passes through the supinator muscle,
and enters the muscle at the 1/3 deep
surface of the proximal muscle belly
(Fig. 1). After entering the muscle, it
is divided into two branches, which are
on the ulnar and radial sides of the
muscle respectively to the distal end
of the muscle. Their dendritic branches
form a nerve-dense area (INDR5) with
an area of about (4.14±0.22) cm2 at the
level of (22.22±0.63) % to
(40.16±0.55) % of the nerve dense
region (INDR

5
) (Fig. 3).

The abductor pollicis longus
nerve branch is a branch of the
posterior interosseous nerve, which
enters the muscle on the surface of the
initial part of the muscle (Fig. 1). Three
primary branches appear after the
nerve enters the muscle and all sent
out many dendritic branches in the
middle of the muscle belly
communicating with each other,
forming a nerve intensive area
(INDR

6
) with an area of about

(5.73±0.47) cm2 at the level
of(25.18±0.30) % to (44.90±0.27) %
of the muscle belly length (Fig. 4).

The nerve branch to the
extensor pollicis brevis is originates
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from the posterior interosseous nerve and enters the muscle
on the surface of the proximal 1/3 of the muscle belly (Fig.
1). The branches of the nerve, after entering the muscle,
are denser in the upper part of the muscle, forming a nerve
dense area (INDR

7
) with an area of about (0.64±0.05) cm2

at the level of (17.54±0.62) % to (42.36±0.48)  % of the
muscle belly length (Fig. 4).

After the nerve branch to the extensor pollicis longus
is separated from the posterior interosseous nerve, it enters
the muscle on the surface of the proximal 1/3 of the muscle
belly (Fig. 1). After entering the muscle, the nerve first
issues 3-5 primary branches, and then dendritic branches,
forming a nerve-intensive area (INDR

8
) with an area of

about (1.13±0.11) cm2 at the level of (46.67±0.71) % to
(64.56±0.77) % of the muscle belly length (Fig. 4).

The extensor indicis branch comes from the posterior
interosseous nerve and enters the muscle on the surface of
the muscle origin (Fig. 1). The two primary branches sent
out after the nerve entered the muscle, and the nerve
branches in the muscle belly are dense and communicated
with each other. At the level of (32.12±0.53) % to

(75.84±0.55) % of the muscle belly length, a
nerve intensive area (INDR

9
) with an area of

about (1.87±0.13) cm2 is formed (Fig. 4).

The nerve branch of the supinator comes
off from the deep branch of the radial nerve
and enters the muscle on the surface of the
muscle origin (Fig. 1). Four primary nerve
branches are formed after the nerve enters the
muscle. The branches mainly form a nerve-
dense area (INDR

10
) with an area of about

(4.79±0.22) cm2 at the level of (26.15±0.45)
% to (62.05±0.28)  % of the muscle belly length
(Fig. 5).

Comparison of muscle spindle abundance.
In the cross section of H&E staining, the
muscle spindle capsule and the intrafusal fibers
were red and the nucleus was blue (Fig. 6).
The abundance of muscle spindles in the upper,
middle and lower INDR of each muscle is
different, as shown in Table I. The order of
muscle spindle abundance of each muscle’s
INDR is: INDR

10
, INDR

3
, INDR

5
, INDR

9
,

INDR
2
, INDR

8
, INDR

4
, INDR

7
, INDR

1
,

INDR
6
 (Table I). The abundance of muscle

spindles in the middle 1/3 of INDR
1
, INDR

2
,

INDR
3
, INDR

4
, INDR

6
, INDR

9
 and INDR

10
 is

the highest. The abundance of muscle spindles
in the upper 1/3 of INDR

5
, INDR

7
 and INDR

8

Fig. 3. Sihler's staining of extensor digitorum, extensor digiti minimi and extensor
carpi ulnaris. A-C: Sihler's staining of extensor digitorum, extensor digiti minimi
and extensor carpi ulnaris. Scale bar, cm. The red box represents INDR. The red
dot represents the CRHMSAs. D: Schematic diagram of A-C.

is the highest. There was no significant difference between
the upper, middle and lower parts of INDR

4
, INDR

8
 and

INDR
9
 (P>0.05), and there was significant difference

between the upper, middle and lower parts of INDR in other
muscles (P>0.05). There is no significant difference
between the left and right sides and between men and
women (P>0.05) (Table II).

In the INDR of each muscle, the percentage of the
center of the region of the highest muscle spindle abundance
in the abdominal length was CRHMSA

1
, (44.54±0.67) %;

CRHMSA
2
, (41.48±0.30) %; CRHMSA

3
, (30.07±0.18) %;

CRHMSA
4
, (45.90± 0.23) %; CRHMSA

5
, (25.21±0.61) %;

CRHMSA
6
, (28.47±0.25) %; CRHMSA

7
, (21.68±0.58) %;

CRHMSA
8
, (55.62±0.70) %; CRHMSA

9
, (53.98±0.39) %;

CRHMSA
10

, (44.10±0.18) %.

Spiral CT localization of CRHMSA. The body surface
projection points (P

1
 and P

2
) of CRHMSA

1
 and CRHMSA

2

are located in the anterior forearm (Fig.7A1); the body
surface projection points of CRHMSA

3
, CRHMSA

4
,

CRHMSA
5
, CRHMSA

6
, CRHMSA

7
, CRHMSA

8
,

CRHMSA
9
 and CRHMSA

10
 (P

3
, P

4
, P

5
, P

6
, P

7
, P

8
, P

9
 and P

10
)
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Fig. 4. Sihler's staining of abductor pollicis longus, extensor pollicis brevis, extensor pollicis longus
and extensor indicis. A-D: Sihler's staining of abductor pollicis longus, extensor pollicis brevis,
extensor pollicis longus and extensor indicis. Scale bar, cm. The red box represents INDR. The red
dot represents the CRHMSAs. E: Schematic diagram of A-D.

Fig. 5. Sihler's staining of supinator muscle. A: Sihler's staining of the supinator muscle. Scale bar,
cm. The red box represents INDR. The red dot represents the CRHMSAs. B: Schematic diagram
(rear view). C: Schematic diagram (front view). Each muscle branch has no blood vessels
accompanying into the muscle.

are located in the posterior forearm (Fig.7A2). The position
of PH and PL of each CRHMSA in the posterior forearm
muscles on the H and L lines and the depth of CRHMSA are
shown in Table III. The data shows no significant difference

between men and women and between left and right sides
(P>0.05). (Tables IV and V) This article uses the spiral CT
positioning image of the extensor pollicis brevis as an
example (Fig.7).
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Note: INDR1 through INDR10 correspond to the intramuscular nerve-dense region within the following muscles: the extensor carpi radialis longus,
extensor carpi radialis brevis, extensor digitorum, extensor digiti minimi, extensor carpi ulnaris, abductor pollicis longus, extensor pollicis brevis, extensor
pollicis longus, extensor indicis and supinator.                                    : Comparisons with the middle part of INDR1, middle part of INDR2, middle part of
INDR3, middle part of INDR4, upper part of INDR5, middle part of INDR6, upper part of INDR7, upper part of INDR8, middle part of INDR9, and
middle part of INDR10, respectively, P< 0.05.

Table I. Comparison of muscle spindle abundance between the upper, middle and lower parts of each INDR (n= 12, mean ± SD).

Fig. 6. H&E staining of muscle spindles. Scale, 200 µm.

DISCUSSION

Research significance and necessity. BoNT injection is a
common method for the treatment of spastic limbs after stroke,
lateral epicondylitis and dystonia (Galván Ruiz et al., 2019;
Dressler et al., 2021; Schnitzler et al., 2022; Motavasseli et al.,
2024; Poenaru et al., 2024). However, injection with improper
dose and position may lead to a decrease of muscle strength or
atrophy of the non-targeted muscles. Although previous studies
have anatomically located the nerve branches in the posterior
forearm muscles (Jariwala et al., 2014; Hackl et al., 2015), the
site of BoNT action was not involved. In this study, based on the
relationship between intramuscular nerve and muscle spindle
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Fig. 7. Spiral CT localisation image of the CHRMSA of the extensor pollicis brevis muscle. A: Spiral CT localization image showing
the position of each CHRMSA of the anterior forearm muscles on the body surface and the designed reference line. (A1) anterior
forearm, (A2) posterior forearm. a=lateral epicondyle of the humerus; b=medial epicondyle of the humerus; c=radius styloid process.
P8=the body surface projection point of the CHRMSA of the extensor pollicis brevis muscle. P8H=the intersection of the vertical line
through P8 and the H line. P8L=the intersection of the horizontal line through P8 and the L line. a-P8H=H8', a-P8L= L8'. B: Measurement
of the length of the L and L8' lines on the coronal section. C: Measurement of the lengths of the H and H8' lines on the cross section.
D: Measurement of the depth of CHRMSA8 on the cross section.
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CRHMSAs
PH on line H(%)

H'/H (%)
PL on line L(%)

L'/L (%)
Depth of CRHMSA(%)

P-CRHMSA/PP'(%)
CRHMSA1 14.67±1.06 3.45±0.65 9.67±0.50
CRHMSA2 19.61±0.86 39.50±0.61 6.52±0.48
CRHMSA3 10.66±0.82 21.61±0.46 13.62±0.46
CRHMSA4 37.56±0.76 44.20±0.74 10.35±0.47
CRHMSA5 45.86±0.59 37.67±0.65 12.65±0.41
CRHMSA6 25.75 ±0.71 53.88±1.10 30.48±0.34
CRHMSA7 33.40±0.96 77.51±1.40 16.21±0.49
CRHMSA8 50.80±0.64 69.46±0.86 28.44±0.36
CRHMSA9 48.48±0.95 86.39±0.55 14.99±0.47
CRHMSA10 39.51±0.73 25.74±0.56 22.45±0.58
Note: INDR1 through INDR10 correspond to the intramuscular nerve-dense region within the following muscles:
the extensor carpi radialis longus, extensor carpi radialis brevis, extensor digitorum, extensor digiti minimi,
extensor carpi ulnaris, abductor pollicis longus, extensor pollicis brevis, extensor pollicis longus, extensor indicis
and supinator.

Table II. Comparison of spindle abundance of each part of the INDR between left and right sides and between males and females
(mean±SD).

Table III. P
L
 and P

H
 positions on the L and H lines and the depth of CRHMSA (mean±SD).

XIANG, L.; WU, X.; LIU, J.; LUO, D.; TAO, L.; ZHANG, M. X. & YANG, S.  Localization of the center region of highest muscle spindle abundance in posterior forearm muscles for botulinum
toxin injection. Int. J. Morphol., 44(2):562-573, 2026.



571

Ta
bl

e 
V.

 C
om

pa
ris

on
 o

f t
he

 P
 a

nd
 P

 p
os

iti
on

s 
on

 th
e 

H
 a

nd
 L

 li
ne

s 
an

d 
th

e 
de

pt
h 

of
 C

R
H

M
S

A
s 

be
tw

ee
n 

m
al

es
 a

nd
 fe

m
al

es
 (

m
ea

n
±S

D
).

Ta
bl

e 
IV

. C
om

pa
ris

on
 o

f t
he

 P
 a

nd
 P

 p
os

iti
on

s 
on

 th
e 

H
 a

nd
 L

 li
ne

s 
an

d 
th

e 
de

pt
h 

of
 C

R
H

M
S

A
s 

be
tw

ee
n 

th
e 

le
ft 

an
d 

rig
ht

 s
id

es
(m

e
an

±S
D

).

distribution, the center of the
region of the highest muscle
spindle abundance area in
INDR was set as the best
blocking target to achieve the
surface percentage location and
depth determination of
CRHMSA. This localization
strategy is expected to reduce
the quantity of BoNT usage and
the frequency of BoNT
treatments. As a result, the risk
of motor function damage is
reduced, which is an important
clinical value for patients (such
as artists and programmers) who
rely on fine muscle functions of
the hand (Farinha Caroço et al.,
2024).

Characteristics of innervation.
The sources of nerve branch
innervation of the posterior
forearm muscle are diverse: the
extensor carpi radialis longus
branch is constantly located
above the lateral epicondyles of
the humerus; the starting point
of the extensor carpi radialis
brevis branch varied greatly; the
supinator branch may originate
from the radial nerve trunk or
deep branch. After the radial
nerve penetrates the supinator
muscle, it sends out muscle
branches such as extensor
digitorum and extensor carpi
ulnaris in subsequently (Genet
et al., 2012). Muscles with
similar functions are often
innervated by a common trunk,
such as extensor digitorum and
extensor digiti minimi, abductor
pollicis longus and extensor
pollicis brevis. Clarifying the
rules of nerve entry points and
branches can help guide the
selection of BoNT targets and
the functional reconstruction
surgery after peripheral nerve
injury.
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Intramuscular nerve distribution pattern.  Previous
studies have shown that the nerve distribution pattern of
posterior forearm muscle is closely related to muscle
morphology: in flat or trapezoidal muscles, such as the
supinator, nerve trunk runs perpendicular to the muscle
fibers; in spindle muscles, nerve branch runs in parallel to
muscle fiber; in multitendinosus muscles, such as extensor
digitorum, the nerve branch runs longitudinally and sends
out recurrent branches (Lim et al., 2004; Chen et al., 2010).
The purpose of this study is to clarify the location of INDR
by Sihler's staining, which can not only improve the
understanding of upper limb innervation, but also provide
anatomical bases for the standardization of EMG detection
sites, the design of bionic manipulator, and the treatment of
muscle spasm by BoNT injection.

Distribution characteristics of muscle spindles. As a
proprioceptor, the muscle spindle and its distribution is
related to muscle function. The abundance of muscle
spindles is higher in deep muscles than that in shallow
muscles, and higher in small muscles than that in large
muscles (Wang et al., 2024). This study found that the high
density of muscle spindles in the deeply located supinator
muscle may be related to the need for fine motor regulation.
In addition, this study also confirmed the phenomenon of
muscle spindle uneven distribution, which is consistent with
the theory of Banks (2006). From the results, we see that
the highest abundance of muscle spindles are located in the
upper part of INDR in the extensor carpi ulnaris and abductor
pollicis longus, while the extensor carpi radialis longus and
extensor digitorum are located in the middle. Since this study
focused on the local INDR, the abundance of muscle
spindles was generally higher than that of Banks' whole
muscle data.

The best blocking target selection. The lesion associated
with upper motor neurons leads to the de-inhibition of a-g
neurons, the increase of muscle spindle sensitivity, and the
aggravation of spasm. BoNT injection needs to maximize
the blockade of intrafusal muscle fibers and minimize the
impact on extrafusal muscle fibers (Phadke et al., 2013). By
positioning CRHMSA, this study provides an anatomical
basis for the formulation of individualized injection plans,
which is helpful to improve the efficacy and quality of
rehabilitation.

Advantages and limitations. In this study, Sihler's staining,
H&E staining, and spiral CT three-dimensional
reconstruction technology were used to achieve accurate
positioning of CRHMSA, which effectively improved the
feasibility of clinical procedures. However, due to the limited
sample size, it is still necessary to verify the universality of
the method in a wider population in consideration of possible

impacts from racial and regional differences. In clinical
practice, for deep muscle positioning, it is recommended to
combine with ultrasound or electrical stimulation guidance
to improve accuracy. In addition, it is necessary to further
explore the relationship between the distribution of muscle
spindles and the severity of spasm, in order to promote the
development of individualized rehabilitation strategies.
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RESUMEN: Este estudio tuvo como objetivo definir
los puntos y profundidades precisos de punción en la superficie
corporal para la región central de mayor abundancia de husos
musculares (CRHMSA) en los músculos del compartimiento
posterior del antebrazo, con el fin de guiar las inyecciones de
toxina botulínica. En un estudio con 24 cadáveres, se empleó la
tinción de Sihler para los nervios intramusculares, la
cuantificación histológica de los husos musculares y la
tomografía computarizada para la localización de la CRHMSA.
Las líneas de referencia incluyeron la horizontal (línea H, entre
los epicóndilos humerales) y la longitudinal (línea L, desde el
epicóndilo lateral hasta proceso estiloides del radio). La línea
PP', que representa la profundidad de punción, se definió como
la distancia entre las proyecciones cutáneas anterior (P) y
posterior (P') del CRHMSA. El CRHMSA se ubicó en el medio
de la región densa de nervios (INDR) para los músculos extensor
radial largo del carpo, extensor radial corto del carpo, extensor
de los dedos, extensor del dedo mínimo, abductor largo del
pulgar, extensor del índice y supinador, y en la porción superior
de la INDR para los músculos extensor ulnar del carpo, extensor
corto del pulgar y extensor largo del pulgar. Las coordenadas de
la línea H fueron 14,67 %, 19,61 %, 10,66 %, 37,56 %, 25,75
%, 48,48 %, 39,51 %, 45,86 %, 33,40 % y 50,80 %,
respectivamente. Las coordenadas de la línea L fueron 3,45 %,
39,50 %, 21,61 %, 44,20 %, 53,88 %, 86,39 %, 25,74 %, 37,67
%, 77,51 % y 69,46 %, respectivamente. Las profundidades de
punción fueron 9,67 %, 6,52 %, 13,62 %, 10,35 %, 30,48 %,
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14,99 %, 22,45 %, 12,65 %, 16,21 % y 28,44 % de la línea PP',
respectivamente. Estos hallazgos proporcionan una guía
anatómica para mejorar la precisión de las inyecciones de toxina
botulínica para el tratamiento de la espasticidad.

PALABRAS CLAVE: Músculos del compartimiento
posterior del antebrazo; Nervio intramuscular; Abundancia
de husos musculares; Toxina botulínica; Localización del
objetivo.
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