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Abstract
The aims of this study were to localize the body surface position and depth of nerve 
entry points, and the center of the intramuscular nerve-dense regions of the pec-
toralis major and pectoralis minor in order to provide guidance for blocking muscle 
spasticity. Formalin-fixed adult cadavers (66.3  ±  5.2  years) were used. The curved 
line on the skin from the acromion to the most inferior point of the jugular notch was 
defined as the horizontal reference line (H). The line from the most inferior point of 
the jugular notch to the xiphisternal joint was defined as the longitudinal reference 
line (L). The nerve entry points was anatomically exposed. Sihler's staining, barium 
sulfate labeling, and computed tomography were employed to determine the projec-
tion points (P) on the body surface. The intersection of the longitudinal line through 
the P point and the H line and the horizontal line through the P point and the L line 
were recorded as PH and PL, respectively. The projection of the nerve entry points or 
the center of the intramuscular nerve-dense regions were in the opposite direction 
across the transverse plane and were recorded as P'. The percentage positions of PH 
and PL on the H and L lines, as well as the nerve entry points and the center of the 
intramuscular nerve-dense regions depths, were determined using the Syngo system. 
The pectoralis major had two nerve entry points, while the pectoralis minor had only 
one. In addition, two intramuscular nerve-dense regions were found in the pectoralis 
major, while only one region was found in the pectoralis minor. The PH of the nerve 
entry points were located at 47.83%, 32.31%, and 34.31%, while the PH of the center 
of the intramuscular nerve-dense regions were at 41.95%, 55.88%, and 32.58% of line 
H, respectively. The PL of the nerve entry points were at −9.84%, 36.16%, and 2.44%, 
while the PL for each of three center of the intramuscular nerve-dense regions was at 
−3.87%, 25.29%, and −7.13% of line L, respectively. The depth for each of the nerve 
entry points was at 17.76%, 17.53%, and 25.51% of line P-P′’, respectively, and the 
depth of the center of the intramuscular nerve-dense regions was at 5.23%, 6.75%, 
and 13.73% of line P-P′, respectively. These percentage values are all means. The 
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1  |  INTRODUC TION

Muscle spasticity is often secondary to stroke, spinal cord injury, 
multiple sclerosis, head injury, and other central nervous system dis-
eases. For stroke alone, the incidence exceeds 120/100,000, which 
suggests that many patients have muscle spasticity (Cabral et al., 
2017; Lucchese et al., 2019). Once pectoralis major muscle and/or 
pectoralis minor muscle spasticity occur(s), patients will have shoul-
der joint adduction, rotation contracture, limited activity, and pain 
(Seruya & Johnson, 2016).

Neurotomy (Sindou et al., 2007), dry needling (Tang, Li, 
et al., 2018; Tang, Zhang, et al., 2018) tendon lengthening or release 
(Seruya & Johnson, 2016), extramuscular neurolysis, and intramus-
cular chemodenervation (Kaymak et al., 2019; Krylova & Khasanova, 
2017) are clinically feasible to treat spasticity of the pectoralis major 
and pectoralis minor muscles. The latter two methods are more com-
monly used and relatively effective. Extramuscular neurolysis refers 
to the injection of ethanol or phenol into the nerve trunk or nerve 
entry point (NEP), which causes axonal degeneration and thereby 
reduces the activity of local muscles and nerves (Han et al., 2017). 
Intramuscular chemodenervation refers to the injection of botuli-
num toxin A (BTX-A) to the motor endplate, which blocks the release 
of acetylcholine from the presynaptic membrane and thereby inhib-
its muscle excitation (Pirazzini & Rossetto, 2017). These two meth-
ods can be assisted by palpation, electromyography, ultrasound, or 
an electrical stimulator to localize the target (Ahmed et al., 2016; Yi 
et al., 2017; Zeuner et al., 2017); however, these methods cannot 
accurately localize the surface position and puncture depth of the 
blocking target and cannot avoid the pain and certain unpleasant 
complications caused by exploratory punctures. Therefore, localiz-
ing the target accurately is necessary.

Many reports exist regarding the innervation and variation 
of pectoralis major and pectoralis minor muscles (Beheiry, 2012; 
Corten et al., 2003; Haladaj et al., 2019; Hoffman & Elliot, 1987; 
Macchi et al., 2007; Shetty et al., 2014). However, few reports exist 
regarding the location of targets for extramuscular and intramuscu-
lar nerve block. The gross anatomical location of the extramuscular 
nerve block point of the pectoralis major muscle has been described 
in one study (Sefa Özel et al., 2011). However, the study only de-
scribed the medial and lateral relationship between the block point 
and the bony landmarks rather than the superior and inferior rela-
tionship and the puncture depth. The extramuscular nerve block 
point of the pectoralis minor muscle has not been located. For the 

localization of the intramuscular blocking points (i.e., motor end-
plate band) of the pectoralis major and pectoralis minor muscles, the 
staining of the motor endplate band may require fresh specimens, 
which has not been studied. Research has shown that the location of 
the intramuscular nerve-dense region (INDR) is consistent with the 
location of the motor endplate, which can be used as an alternative 
target for BTX-A (Amirali et al., 2007). The distribution pattern of 
the intramuscular nerves of the pectoralis major has been revealed 
by using Sihler's staining (Haladaj et al., 2019); however, its INDR has 
not been located.

Therefore, in this study, we aimed to expose the NEP by dissect-
ing and displaying the INDR by using Sihler's staining, labeling the 
NEP and the center of the INDR (CINDR) with barium sulfate, and 
conducting spiral computed tomography (CT) scanning and three-
dimensional reconstruction. With the help of bony landmarks, the 
body surface position and puncture depth of the NEP and CINDR 
can be accurately defined so as to provide guidance for the local-
ization of blocking targets for muscle spasticity and to improve the 
efficiency and efficacy of target blocking.

2  |  MATERIAL S AND METHODS

2.1  |  Specimens and ethics

Forty donated adult cadavers (26 men and 14 women, aged 30–75 
(66.3 ± 5.2) years) of individuals without a neuromuscular disease 
history or chest and upper limb joint deformation were fixed with 
formalin. The causes of death of these donors were cancer, heart dis-
ease, or accidents. None of the cadaver donors were from a vulner-
able population, and all donors or their next of kin provided signed 
written consent forms before being accepted for use in this project. 
The research protocol was preapproved by the Ethics Commission of 
Zunyi Medical University (Zunyi, China; approval no.: 2016-1-006).

2.2  |  Gross anatomy observation

With the cadaver supine, the skin and subcutaneous fat were cut 
in the layer close to the surface of the muscle by using the follow-
ing route: starting from the acromion and proceeding to the low-
est point of the jugular vein incision, and then continuing through 
the xiphoid tip, costal arch, posterior axillary line, upper part of 

definition of the surface position and depth of these nerve entry points and center 
of the intramuscular nerve-dense regions can improve the localization efficiency and 
efficacy of target blocking for pectoralis major and minor spasticity.

K E Y W O R D S
center of intramuscular nerve-dense region, nerve entry point, pectoralis major, pectoralis 
minor, target localization
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the posterior axillary fold, upper part of the medial border of the 
arm, middle part of the medial border of the arm, middle part of 
the lateral border of the arm, and returning to the acromion. After 
exposing the deltoid and the pectoralis major muscles, as well as 
removing the origin of the pectoralis major muscle close to the 
clavicle, the lateral pectoral nerve and its branches were carefully 
identified and retained. The pectoral major muscle was reflected 
medioinferiorly, and the pectoralis minor muscle was exposed. The 
medial pectoral nerve and its pectoralis major muscle branches 
were carefully separated. The course of the nerve, the number 
of nerve branches, the site of nerve entering the muscle, and 
whether an accompanying blood vessel existed were observed. If 
more than one nerve branch was observed, thus indicating multi-
ple NEPs, we defined the NEP of the thickest nerve branch as the 
target of study.

2.3  |  Reference line design

The curved line close to the skin connecting the acromion (i.e., point 
a) and the most inferior point of the jugular notch (i.e., point b) was 
designed as the horizontal reference line (i.e., the H line). The curved 
line connecting the most inferior point of the jugular notch with the 
xiphisternal joint (i.e., point c) was designed as the longitudinal refer-
ence line (i.e., the L line).

2.4  |  Spiral CT localization of the NEP

After the gross anatomical observation, the NEPs were labeled 
with barium sulfate mixed with glue and reset and sutured layer 
by layer. A barium sulfate-soaked silk thread was then sewn on the 
skin between the bony landmarks to represent the reference line. 
The sample was scanned with 16-row spiral CT (Siemens), and a 
three-dimensional image was reconstructed. The white spot (i.e., 
the NEP) labeled with barium sulfate was detected on the cross-
section image. Under the same indicator light and with the aid of 
spiral CT scanning and percutaneous needle puncture perpen-
dicular to the coronal plane, the projection point (i.e., the P point) 
of the NEP on the chest body surface was located (i.e., the body 
surface puncture point). The NEPs of the lateral pectoral nerve, 
the medial pectoral nerve innervating the pectoralis major, and 
the medial pectoral nerve innervating the pectoralis minor were 
named NEP1a, NEP1b, and NEP2, respectively, and their P points 
were named P1a, P1b, and P2, respectively. The intersection of the 
horizontal line through the P point and the L line was recorded 
as PL (i.e., P1a-L, P1b-L, and P2L), and the curve length between the 
most inferior point (point b) of the jugular notch and the PL point 
was recorded as L′ (i.e., L1a′, L1b′, and L2′). The intersection of the 
vertical line through point P and the H line was recorded as PH (i.e., 
P1a-H, P1b-H, and P2H). The length between the acromion (point a) 
and the PH point was H′ (i.e., H1a′, H1b′ and H2′), and was calculated 
as H'/H × 100% and as L'/L × 100%, respectively. It was determined 

as the percentage position of the NEP on the body surface. On the 
cross-section, the P point projecting to the back skin after passing 
through the NEP was defined as the P′ point, and the P-NEP and 
P-P′ were measured. The P-NEP/PP′ × 100% value was calculated, 
and the percentile puncture depth was determined. For NEP1b in 
this experiment, only the depth in male individuals was measured 
because of individual differences in the female breast.

2.5  |  Modified Sihler's staining to determine 
intramuscular nerve distribution

After localizing the NEP, the pectoralis major and pectoralis minor 
muscles of 20 cadavers were removed and underwent Sihler's stain-
ing procedure, based on our previous scheme (Luo et al., 2020; Tang, 
Li, et al., 2018; Tang, Zhang, et al., 2018; Wang et al., 2020; Yang 
et al., 2017). The samples were immersed in a solution of 3% potas-
sium hydroxide and 0.2% hydrogen peroxide for 4 weeks, decalcified 
in Sihler's I solution for 4 weeks, and stained in Sihler's II solution 
for 4 weeks. The samples were then decolorized in Sihler's I solu-
tion for 2–10 h and neutralized in 0.05% lithium carbonate for 2 h. 
The gradient glycerin (40%, 60%, 80%, and 100%) was transparent 
for 1 week. The branch distribution of intramuscular nerve was ob-
served on an X-ray reading box. The percentages of the INDR and 
CINDR in the muscle length (i.e., from the origin to the insertion) and 
in the muscle width (i.e., from the top to the bottom) were measured 
by using a Vernier caliper.

2.6  |  Spiral CT localization of the CINDR

Based on the percentage position of CINDRs on the muscles meas-
ured in the aforementioned Sihler's staining procedure, the pectora-
lis major and pectoralis minor muscles of the remaining 20 cadavers 
(men, 13; women, 7) were dissected and exposed. The corresponding 
position of the CINDRs was located on these muscles, the CINDRs 
were labeled with barium sulfate mixed with glue. They were then 
sutured in situ layer by layer to undergo spiral CT localization of the 
CINDRs. The localization method of the CINDR was the same as that 
for the NEP. After localization, these muscles were removed and 
stained with Sihler's staining to verify whether the distribution pat-
tern of the intramuscular nerves and the position of the CINDR were 
consistent with those of the previously stained muscle specimens.

2.7  |  Statistical processing

The experimental data were processed by SPSS18.0 software (IBM) 
and expressed as a percentage (x ± s, %), thereby eliminating the in-
fluence of individual differences. The left and right sides were com-
pared using the paired t test. The muscle samples of the men and 
the women were compared by using the t test. The test level was 
α = 0.05.
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3  |  RESULTS

3.1  |  Gross anatomy

The lateral pectoral nerve originated from the lateral cord of the 
brachial plexus and descended to the deep surface of the pecto-
ralis major muscle through the lateral side of the midpoint of the 
clavicle, and before entering the muscle. It is usually divided into 
three branches (90%, 72/80 sides). These branches were in prox-
imity with each other, and each branch had branches and tributar-
ies of the thoracoacromial vessels running into the muscle. The 
NEP of the middle branch was the target of this study (Figure 1a). 
The medial pectoral nerve from the medial cord of the brachial 
plexus was on the lateral side of the lateral pectoral nerve and 
usually divided into three branches (92.5%, 74/80  sides) before 
entering the muscle. Among these three branches, one branch 
passed through the center of the superolateral one-third of the 
pectoralis minor muscle and reached the deep surface of the mid-
dle part of the pectoralis major muscle, while another branch en-
tered the superior-middle part of the pectoralis minor muscle and 
the last branch, which was the smallest, passed through the infe-
rolateral border of the pectoralis minor muscle and reached the 
inferolateral border of the pectoralis major muscle (the branch was 
not localized) (Figure 1b). In one cadaver, the clavicle part of the 
pectoralis major muscle was fused with the deltoid muscle (2.5%, 
2/80 sides), and no deltopectoral groove and cephalic vein were 
found between the two muscles. The fourth intercostal nerve was 
involved in the innervation of the inferolateral pectoralis major 
muscle in 13.75% (11/80 sides) of the specimens.

3.2  |  Spiral CT localization of the NEP

Tables 1 and 2 show the percentage position of the PH point on line 
H, and the PL point on line L of the pectoralis major branch of the 
lateral pectoral nerve, the pectoralis major branch of the medial 
pectoral nerve (in men only), the pectoral minor branch of the me-
dial pectoral nerve, and the depth of NEP. The data were not signifi-
cantly different between the left and right sides or between the men 
and women (p > 0.05). In Figure 2, the CT location image is illustrated 
by the location of the NEP in the pectoralis minor branch of the me-
dial pectoral nerve.

3.3  |  Intramuscular nerve distribution

After the three primary branches of the lateral pectoral nerve en-
tered the pectoralis major muscle, two branches ran vertically with 
the muscle fibers in the clavicular part of the pectoralis major muscle 
and then gradually separated from each other from the deep side 
of the muscle to the superficial side. Along the way, a large num-
ber of small arborized branches were sent out, which were anasto-
mosed with each other and formed an intramuscular nerve-dense 
region (i.e., INDR1a). The other primary nerve branch ran to the 
center of the sternal part of the pectoralis major muscle. Many ar-
borized branches were sent out, which were anastomosed with the 
branches of medial pectoral nerve, to form another intramuscular 
nerve-dense region (i.e., INDR1b). After the medial pectoral nerve 
passed through the pectoralis minor muscle and entered the pec-
toralis major muscle, it ran superolaterally to inferomedially and its 

F I G U R E  1  Gross anatomy of the nerve entry points of the pectoralis major and pectoralis minor. (a) Gross anatomy of the nerve 
entry points of the lateral pectoral nerve: “1” is the reflected pectoralis major muscle, “2” is the nerve entry point of the medial branch 
of the lateral pectoral nerve and accompanying vessels, “3” is the nerve entry point of the middle branch of lateral pectoral nerve and 
accompanying vessels, “4” is the nerve entry point of the lateral branch of the lateral pectoral nerve and accompanying vessels, and “5” is the 
subclavius muscle. (b) Gross anatomy of the nerve entry points of the medial pectoral nerve: 1” is the reflected pectoralis minor muscle, “2” 
is the branch of the medial pectoral nerve passing through the pectoralis minor muscle to the pectoralis major muscle, “3” is the nerve entry 
point of the pectoralis minor muscle branch of the medial pectoral nerve, “4” is the reflected pectoralis major muscle, and “5” is the small 
branch of the medial pectoral nerve passing through the inferolateral border of the pectoralis minor muscle to the inferolateral border of the 
pectoralis major muscle

(a) (b)
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F I G U R E  2  Computed tomography localization of the medial pectoral nerve entry point (NEP2) innervating the pectoralis minor muscle. 
(a) The position of the NEP projection on the body surface and the design reference line. P1a and P1b represent the projection points of the 
lateral pectoral nerve and the medial pectoral nerve NEP on the body surface, respectively. P2 is the projection point of NEP2 on the body 
surface of the chest. (b) Measurement of the length of the L and L′ lines in the sagittal section. (c) Measurement of the length of the H and H′ 
lines on the cross-section through the H line. (d) Measurement of the depth of the NEP2 on the cross-section through P2

(a) (b)

(c) (d)

F I G U R E  3  Distribution pattern of the intramuscular nerves in the right pectoralis major and the position of the INDR (deep view). 
(a) Sihler's staining results: “1” is the lateral pectoral nerve and “2” is the medial pectoral nerve. The red boxes represent the INDRs and 
the red dots represent the CINDRs. Scale, cm. (b) Schematic drawing of (a) and the positions of the INDRs and CINDRs in the muscle. 
INDR, intramuscular nerve-dense region; CINDR, center of the intramuscular nerve-dense region

(a) (b)
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arborized branches were distributed to the sternal and costal part of 
the pectoralis major muscle. The small branches of the medial pec-
toral nerve, which entered the muscle from the inferolateral border 
of the pectoralis major, were distributed in the costal part of the 
pectoralis major. Figure 3 and Table 3 present the area of the two 
nerve-dense regions in the muscle and the position of the CINDR 
in the muscle.

After the medial pectoral nerve entered the pectoralis minor 
muscle, it usually divided into the medial and lateral primary 
branches, each of which was further divided into three to four sec-
ondary branches at 28.36% of the muscle length. The lateral sec-
ondary branch and its arborized branches mostly ran to the lateral 
border of the muscle, and some branches ran to the origin end of 
the muscle. The secondary branches of the medial side fanned out 
the tertiary and the following branches, which ran between the 
muscle bundles. The branches were concentrated at the 28.36%–
46.45% level of the muscle length. Together with the branches of the 

primary branches of the medial side, these branches formed a dense 
region (i.e., INDR2) with more “U-shaped” anastomoses. The size of 
the region and the position of the CINDR in the muscle are shown 
in Figure 4 and Table 3. After the specimens that had undergone 
spiral CT localization of CINDR were stained with Sihler's staining, 
we noticed that the intramuscular nerve distribution pattern and the 
CINDR location were consistent with those of the previous speci-
mens stained with Sihler's staining.

3.4  |  The location of the CINDR based on CT

Tables 4 and 5 show the surface percentage position of the PH and 
PL point of the two CINDRs of the pectoralis major muscle and one 
CINDR of the pectoralis minor muscle projecting on the H and L lines 
and the percentage depth of the CINDR. In Figure 5, the CT localiza-
tion image of the CINDR is represented by the CINDR localization of 
the second INDR in the pectoralis major muscle. The data between 
the left side and right sides or between the men and women were 
not statistically difference (p > 0.05).

4  |  DISCUSSION

In this study, we aimed to accurately localize the body surface posi-
tion and depth of the NEPs and the CINDRs of the pectoralis major 
and pectoralis minor by using Sihler's staining, barium sulfate labe-
ling, and CT scanning. By using these techniques, we were able to 

TA B L E  3  The area of INDRs and location of CINDRs on muscle 
length and width (x ± s, %, n = 20)

INDR Area (cm2)
CINDR on muscle 
length (%)

CINDR on 
muscle width (%)

INDR1a 10.42 ± 0.28 60.33 ± 0.71 18.84 ± 0.52

INDR1b 6.15 ± 0.36 55.63 ± 0.75 56.96 ± 0.86

INDR2 9.02 ± 0.37 34.07 ± 0.59 45.05 ± 0.69

Abbreviations: CINDR, center of intramuscular nerve dense region; 
INDR, intramuscular nerve dense region.

F I G U R E  4  Distribution pattern of the intramuscular nerves in the right pectoralis minor and the position of the INDR (deep view). 
(a) Sihler′s staining. Scale, cm. The red box indicates the INDR and the red dot indicates the CINDR. (b) Schematic drawing of (a) and the 
positions of the INDR and CINDR in the muscle. INDR, intramuscular nerve-dense region; CINDR, center of the intramuscular nerve-dense 
region

(a) (b)
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detect more readily the positions of the NEP and CINDR in these 
muscles. Injecting phenol or ethanol into the intramuscular nerve 
trunk to block muscle spasticity will cause non-spastic muscle in-
volvement and paresthesia. The NEPs are located closer to motor 
end-plate and blocking them requires shorter axonal regenera-
tive time. Thus, blocking the NEPs is conducive to the recovery of 
muscle function (Yang et al., 2017). The intramuscular injection of 
BTX-A to the motor endplate or to the INDR to block muscle spas-
ticity has become increasingly popular (Tang, Li, et al., 2018; Tang, 
Zhang, et al., 2018; Yang et al., 2017). Injecting BTX-A to block the 
spasticity of the pectoralis major muscle is the most commonly used 
method to treat hemiplegic shoulder pain (Holmes & Connell, 2019). 
For the pectoralis minor muscle, BTX-A injection can also treat 
outlet syndrome (Rahman et al., 2019). However, the surface loca-
tion and puncture depth of NEP and CINDR have not been defined. 
Therefore, accurately locating the anatomical details of the NEP and 
CINDR of pectoralis major and pectoralis minor is necessary.

Previous studies have investigated the location of the nerve 
trunk to block the spasticity of pectoralis major muscle. Sefa Özel 
et al. (2011) used the long axis of the clavicle as the horizontal ref-
erence line and the median line of the sternum as the longitudinal 

reference line. They found that the best blocking target for the 
lateral pectoral nerve was at the intersection of the vertical line 
through the junction of the medial and middle one-third of the clav-
icle and the horizontal line through the most inferior point of the 
jugular notch. Our study found that no lateral pectoral nerves origi-
nating from the brachial plexus descended from the deep side of the 
junction of the medial and the middle one-third of the clavicle, but 
instead descended from the deep side lateral to the midpoint of the 
clavicle. Behringer et al. (2014) used electrical stimulation to locate 
the motor points of the pectoralis major and pectoralis minor mus-
cles. The y-axis reference line was from the most inferior point of the 
jugular notch to the xiphisternal joint, and the horizontal line of the 
most inferior point of the jugular notch was the x-axis reference line. 
The motor points were located respectively at 42.86% and 71.56% 
of the x-axis and at 17.05% and 14.39% of the y-axis (Behringer et al., 
2014). A limitation of these useful studies is that they did not involve 
the depth of puncture.

Based on current research, the following factors are worth men-
tioning: (1) blood vessels are near the NEP of the pectoralis major 
and pectoralis minor (thus, when injecting drugs, the syringe piston 
should be pulled back to prevent the drugs from entering the blood 

F I G U R E  5  Computed tomography localization of CINDR1b in the pectoralis major muscle. (a) The position of CINDR1b on the body 
surface (P1b) and the designed reference line. (b) The length of the L and L′ lines measured on the sagittal section. (c) The length of the 
H and H′ lines measured on the cross-section. (d) The depth of CINDR1b, measured on the cross-section
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vessels by mistake) and (2) the NEP of the pectoralis major branch 
of the medial pectoral nerve is below the level of the third rib, which 
is lower than the upper limit of the breast (i.e., the second rib), indi-
vidual differences in breast size is large, and the thoracic wall depth 
differs between men and women. Therefore, in female patients 
with pectoralis major spasticity, the CINDR block is recommended 
as the first choice. If an NEP block is needed, the NEP of lateral 
pectoral nerve can be blocked (3). In this study, variations in the 
atrophied clavicle part of the pectoralis major muscle, as described 
by Haladaj et al. (2019), were not observed, but the fusion of the 
clavicle part of the pectoralis major muscle and the deltoid muscle, 
as described by Haladaj, was observed. The fourth intercostal nerve 
(13.75%) was involved in the innervation of the lower lateral pecto-
ralis major muscle, which was consistent with Beheiry's description 
(Beheiry, 2012).

A BTX-A injection to block muscle spasticity is a dose-dependent 
chemical denervation. Once BTX-A is injected into the muscle, it will 
immediately spread within a few centimeters near the needle tip. If 
the position of the BTX-A injection point deviates from the motor 
endplate by 5 mm, this deviation will directly reduce the antispas-
modic effect by 50% (Borodic et al., 1994). Within a certain range, 
appropriately increasing the drug dose can improve the treatment 
effect. However, the long-term use of a large dose will cause local 
muscle fibrosis and excessive muscle relaxation. Repeated injec-
tions can cause pain in patients and reduce or eliminate the effect 
of BTX-A (Parratte et al., 2002). Therefore, an appropriate amount 
of BTX-A should be accurately injected into the target site. Some 
studies have shown that a BTX-A injection of 1 unit can infiltrate 
1.5–3.0 cm, whereas an injection of 2.5–5 units can diffuse 4.5 cm 
(Borodic et al., 1994; Holmes & Connell, 2019; Tang, Li, et al., 2018; 
Tang, Zhang, et al., 2018). At present, the clinical application doses 
of BTX-A for the pectoralis major and pectoralis minor are 100–500 
units and 30–40 units, respectively (Kong et al., 2007; Marco et al., 
2007). Based on the calculation of the INDR in this study, only 9–18 
units were needed for the pectoralis major and 5–10 units were 
needed for the pectoralis minor. This result suggests that if the tar-
get location is accurate, the required dose of BTX-A will be greatly 
reduced, which is conducive to saving costs and reducing adverse 
effects.

In general, a geometric relationship between the NEP and 
CINDR and bony landmarks was established, and their body sur-
face position and puncture depth were obtained by using barium 
sulfate labeling of the NEP and CINDR, spiral CT scanning, and 
three-dimensional reconstruction. Thus, morphological guidance 
was provided for the clinical treatment of spasticity of these two 
muscles and may improve the efficiency and efficacy of the target 
block. We suggest that the combination of an electrical stimulator 
and ultrasound can reduce the number of exploratory punctures 
and avoid puncturing the chest. However, some limitations exist in 
the present study such as the relatively small number of samples 
and the location of the NEP could not be fully used in female pa-
tients, which need further study. The real efficacy remains to be 
clinically verified.
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