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SUMMARY: This study aims to examine the intramuscular nerve distribution pattern of the sternocleidomastoid muscle (SCM)
in children and to identify the center of the intramuscular nerve-dense region (CINDR), offering morphological guidanaérfonBot
neurotoxin type A (BoNT-A) injections in the treatment of pediatric muscular torticollis. A total of 24 Chinese pediatraricadav
specimens were analyzed. The intramuscular nerve distribution of the SCM was visualized using a modified Sihler’s staiireg tech
Spiral computed tomography was employed to determine the surface puncture location and depth of the CINDR. A percuttudinak longi
reference line was defined from the lowest point of the jugular notch of sternum to the chin tip of the mandible, andse tefieserce
line was established from the lowest point of the jugular notch of sternum to the acromion. A band-shaped, intramusaldaseerve-
region was identified in the middle portion of the SCM, oriented obliquely from superoposterior to inferoanterior. The @jE&Edpr
at (38.29t 1.39)% along the transverse reference line and at (&816%6)% along the longitudinal reference line. The puncture depth
of the CINDR was measured as 10£18.68 mm. Defining the surface location and depth of the CINDR in the pediatric SCM aids in
precise target localization and enhances the efficacy of BONT-A injections for treating pediatric muscular torticollis.

KEY WORDS: Pediatric muscular torticollis; Sternocleidomastoid muscle; Innervation; Botulinum neurotoxin type A;
Neuromuscular blockade.

INTRODUCTION

The etiology of pediatric torticollis is multifactorial therapy, surgical intervention, and the injection of Botulinum
and encompasses several types: (1) congenital musculaurotoxin type A (BoNT-A) (Jiangt al, 2018; Kaplaret
torticollis, caused by intrauterine compression, malpositioa)., 2018). BoNT-A injection has been widely adopted in
birth trauma, or congenital developmental abnormalities; (2)inical practice due to its non-invasiveness, reversibility, and
congenital osseous torticollis, resulting from cervical vertebraigh patient compliance (Sargesttal, 2019).
malformations; (3) postural/habitual torticollis; (4) ocular
torticollis, which compensates for diplopia; (5) infectious or Injection of BONT-A into the sternocleidomastoid
inflammatory torticollis, due to deep cervical tissue infectiomuscle (SCM) inhibits the release of acetylcholine at the
or inflammation; (6) neurogenic torticollis, associated witlpresynaptic membrane, inducing chemical denervation of the
cerebral palsy or intracranial tumors; and (7) traumatisCM and resulting in muscle relaxation. Furthermore, by
torticollis of the neck (EI Mandouwat al., 2021). Despite their suppressing fibroblast differentiation and proliferation, BoNT-
differences, these conditions share common features, suctAasan reverse the fibrotic progression of the SCM, thereby
head tilt and restricted cervical mobility. Among themalleviating craniofacial deviation caused by abnormal muscle
muscular torticollis accounts for more than 50 % of pediatricaction (Joseplet al, 2023; Mitchellet al, 2023). Current
torticollis cases (Garikipati & Gibb, 2013). Current clinicalSCM-targeting strategies for BoNT-A injection include
management strategies include orthotic correction, massagiministering 30 units of BONT-A at 3—4 points along the
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longitudinal axis of the SCM or performing a single-poinincision was made from the lowest point of the jugular notch
injection into the muscle beneath the external jugular veiof sternum, extending laterally along the inferior margin of
These methods, whether using high-dose single-point or multire clavicle to the acromion. The skin, subcutaneous tissue,
point injections, fail to precisely target effective intramusculaand platysma were reflected laterally as a single layer, ensuring
regions, which may lead to complications such as musatéose contact with the surface of the SCM. The SCM was
fibrosis, antibody formation, and inconsistent therapeutiully exposed to assess its gross morphology, fiber orientation,
outcomes. origin and insertion points, nerve supply, and sites of
intramuscular nerve entry, while also noting whether blood
The site of action of BONT-A is the neuromusculavessels accompanied the nerve entry points. To clarify the
junction, specifically within the motor endplate zone (Lehousuperior-inferior and medial-lateral relationships between the
et al, 2020). The therapeutic efficacy of BONT-A is closelyBoNT-A injection targets within the SCM and bony
related to the proximity of the injection site to the mototandmarks, a longitudinal reference line (L-line) was designed
endplates; a deviation of 5 mm from the motor endplate cas the curve connecting the lowest point of the jugular notch
reduce the therapeutic effect by approximately 50 %dfyu of sternum (point a) to the chin tip of the mandible (point b).
al., 2023). However, staining of human motor endplate zon&$e horizontal reference line (H-line) was defined as the curve
is limited by the need for fresh specimens collected within 3donnecting point a, to the acromion (point c).
postmortem.Previous studies have indicated that the
intramuscular nerve dense region (INDR) corresponds to tBetermination of the Center of Intramuscular Nerve-
location of the motor endplate zone, and that the center of thense Region Using Modified Sihler’'s StainingThe
intramuscular nerve dense region (CINDR) can serve as#ateral SCMs were carefully dissected from 12 formalin-
surrogate target for BONT-A injection (Warmg al, 2024). fixed cadaveric specimens. A modified Sihler’s staining
This study aims to visualize the INDR in the pediatriprotocol was used to visualize the intramuscular nerve
sternocleidomastoid muscle using a modified Sihler’s stainirdjstribution (Zhowet al, 2023), consisting of six sequential
method and subsequently employ spiral computed tomograpstgps: depigmentation, decalcification, staining, destaining,
CT scanning to determine the surface puncture percentageuytralization, and clearing. Once the intramuscular nerve
position, and depth of the CINDR, providing morphologicabranches and dense regions were clearly visualized, images
guidance to optimize target localization and improve theere captured using an X-ray viewing box and archived. In
therapeutic efficacy of BONT-A injections in pediatric musculaAdobe Photoshop 2020 (Adobe Systems Inc., USA), the

torticollis. INDR was outlined following the principle of “less rather
than more.” After selecting the INDR boundary, the
MATERIAL AND METHOD geometric center was determined using the Control+T

function and defined as the CINDR. Using a calibrated scale,
Specimens and EthicsA total of 24 Chinese pediatric the percentage positions of the INDR and CINDR along the
cadaveric specimens (12 males, 12 females), aged 3—-16 yeanscle's longitudinal and transverse axes were measured,
(meant SD: 8.13+% 3.47 years), with no history of and the area of the INDR was also quantified.
neuromuscular disorders or head and neck malformations,
were collected. Of these, 12 specimens (equal humbersSgfiral Computed Tomography (CT) Localization of the
males and females) were fixed in formalin for Sihler’'CINDR. The 12 fresh-frozen cadaveric specimens were
staining, while the remaining 12 were preserved by freeziigawed, and the SCM was dissected and fully exposed. Based
to avoid tissue distortion caused by formalin fixationpn the percentage positions of the CINDR along the muscle’s
allowing for target localization. Informed consent for thdength and width obtained from Sihler's staining, a mixture
use of the specimens was obtained from their legal guardiasfsmedical barium sulfate powder (Shandong Jiashuo
and immedite family members. The study was conducted iRadiation Protection Engineering Co., China) and 801
strict accordance with the Declaration of Helsinki (1964) anglue(Wenzhou 801 Glue Co., China) was prepared and
its subsequent amendments and was approved by the Etlingscted into the SCM to mark the CINDR. Subsequently, a
Committee of Zunyi Medical University (#2022-1-008).  puncture needle was inserted into the CINDR along the

simulated injection trajectory, and the tissue layers were
Gross Anatomical Observation and Reference Line sutured sequentially. At surface landmarks a (the lowest point
Design. The cadavers were positioned supine. A midlinef the jugular notch of sternum), b (chip tip), and ¢
incision was made from the menton extending inferiorly tacromion), needles were inserted, and barium-soaked
the manubrium of the sternum, followed by a transverdhreads were sutured between points a—b and b—c to represent
incision extending laterally along the inferior margin of thehe longitudinal reference line (L-line) and horizontal
mandible to the mastoid process. An additional transverseference line (H-line), respectively. Spiral computed
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tomography (64-slice, Siemens, Germany) was performa@atividual reference lines s, %) to eliminate the influence
for scanning and three-dimensional reconstruction. Scanniafjinter-individual variability. As the data conformed to a
parameters were set as follows: 120 kV, 1mm slice thicknessrmal distribution, comparisons between the left and right
collimation 64x 0.75 mm, and pitch 1:1. The surfacesides were performed using paired t-tests, while comparisons
projection of the CINDR was defined as point P. Within thbetween male and female specimens were performed using
Syngo system (Siemens, Germany), the curve measuremenependent-samples t-tesi3.< 0.05 was considered
tool was used to measure the total lengths of the two referestatistically significant.
lines along the skin surface (H for the total length of the
horizontal reference line and L for the total length of thRESULTS
longitudinal reference line). A perpendicular line was drawn
from point P to intersect the H-line, with the intersectioGross Anatomical ObservationsThe SCM exhibited a long,
defined as point PH. A horizontal line parallel to the H-linstrap-like morphology. Its origins were located at the anterior
passing through point P intersected the L-line at point Pkurface of the manubrium (sternal head) and the medial one-
The distance from point a tg, Was recorded as H’, and thethird of the clavicle (clavicular head). The muscle fibers
distance from point a to, Pwvas recorded as L". The ascended and converged at the middle portion of the muscle,
percentage positions of point P along the surface weireserting onto the lateral surface of the mastoid process and
calculated as H'/k 100 % and L'/1x 100 %. The depth of the lateral one-third of the occipital bone. The mid-belly of
perpendicular puncture from point P to the CINDR wathe SCM was further subdivided into the sternal head portion,
measured using the straight-line measurement tool. superficial clavicular head portion, and deep clavicular head
portion. The accessory nerve entered the muscle on its deep
Statistical Analysis. Data analysis was conducted usingurface at approximately the upper one-third to one-fourth of
SPSS version 29.0 software (IBM Corporation, Armonk, NYhe muscle’s length. Among the 24 sides examined, 17 sides
USA). All measurements were expressed as a percentagsludwed nerve entry posterior to the clavicular head, while 7
sides exhibited nerve entry through the clavicular
g - A head. The superficial surface of the SCM was
covered by skin, cervical fascia, and the platysma
muscle, and lay adjacent to the great auricular
nerve and transverse cervical nerve. Its deep
surface was in close proximity to major
neurovascular structures, including the internal
jugular vein, common carotid artery, and the
vagus nerve. Medially, the SCM was bordered
by the sternohyoid and sternothyroid muscles,
whereas laterally, it, along with the trapezius
muscle, formed the posterior triangle of the neck.

Sihler's Staining of the Sternocleidomastoid
Muscle.After entering the upper-middle portion
of the muscle at its deep surface, the accessory
nerve coursed obliquely from superoposterior to
inferoanterior. Branches arising from the lower
part of the main nerve trunk were more numerous
than those originating from the upper part. Small
nerve branches surrounding the main trunk
anastomosed with each other in the mid-belly
region of the muscle, spanning (3897.62)%

to (56.95+ 2.03)% along the muscle’s
Io[égitudinal axis, forming a band-shaped INDR

o= | O

Fig. 1. Sihler’s Staining of Intramuscular Nerves in the Sternocleidomastoid Musc

A: Sihler’s staining demonstrating the intramuscular nerve distribution pattern.. Thé . .

red box indicates the location of the INDR, the red dot represents the CINDR ﬁ&oanterlor (Fig.1). The area of the INDR was
the red arrow points to the nerve entry site. B: Detailed view of the intramusddigt 9= 0.13) cn. The center of the CINDR was
nerve distribution within the red box in panel A. C: Schematic illustration of BoNacated at (45.7% 2.03) % along the muscle’s
A injection into the CINDR of SCM, with the red dot indicating the CINDR.  length and (53.8& 1.61)% along the muscle’s
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Fig. 2. Spiral CT Localization of the Intramuscular Nerve Dense Region Center (CINDR) in the Male Sternocleidomastoid Muscle: A
Three-dimensional spiral CT reconstruction showing the surface projection of the CINDR and the constructed referencéhiéines. a =
lowest point of the jugular notch of sternum, b = chin tip of the mandible, ¢ = the acromion, P = the projection of therGiOfdy
surface. PH denotes the intersection of the perpendicular line from P with the H-line, and PL denotes the intersecéguenitice far

line from P with the L-line. ca = total length of H-line, a—PH = H', ab = total length of L-line, a—PL = L". B: Measuretherénfths

of H-line and H' on the transverse section. C: Measurement of the lengths of L-line and L' on the sagittal section. D:évieabtirem

depth of the CINDR on the coronal section.

width. Comparisons between left and right sides, as well &% skin at the P point was 10.181.68 mm. Statistical
between male and female specimens, showed no statisticalfyalysis revealed no significant differences between the left
significant differencesR > 0.05). and right sides or between sexBs>(0.05) (Fig. 3).

Spiral CT Localization of the CINDR in SCM. The surface DISCUSSION

projection of the CINDR (point P) of SCM was located

inferior to the mandible, near the inferior angle. Th&ecessity and Significance of Target Localization for
corresponding percentage positions of this point along tB®NT-A Injection in Pediatric Muscular Torticollis. This
horizontal reference line (H-line) and longitudinal referencstudy is crucial because pediatric neck muscles are small,
line (L-line) are shown in Figure 2. Measurements showddyered, and located near vital neurovascular structures,
that the projection point of the CINDR onto the transversmaking traditional blind injections prone to complications.
reference line (PH point) was located at 382R39 % of The pathological heterogeneity of the disease and the lack
its total length, while the projection point onto theof precise standards for different lesion types in current
longitudinal reference line (PL point) was at 686246 % clinical methods result in variable therapeutic outcomes.
of its total length. The perpendicular puncture depth froherefore, further anatomical investigation is urgently needed
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forms (Maneeniret al, 2023), the specimens
in this study were all of the double-headed type
after dissection. This discrepancy may be due
to the small sample size. The great auricular
nerve runs along the superficial surface of the
superomedial portion of the SCM, while the
transverse cervical nerve courses along the
superficial surface of the mid-portion of the
muscle. The external jugular vein courses
superficially across the inferomedial portion of
the SCM, running obliquely downward from the
angle of the mandible toward the middle of the
clavicle. Additionally, some muscular branches
of the superior thyroid artery or occipital artery
are distributed on the muscle surface. These
neurovascular structures are at risk of injury
during BoNT-A injections.

Based on anatomical findings, the
superficial surface of the SCM contains the great
auricular nerve, transverse cervical nerve, and
the external jugular vein, among other
neurovascular structures, which must be
carefully avoided during BoNT-A injection. In
traditional treatment protocols for pediatric

Fig.3. Percentage Positions and Puncture Depths of the CINDR of SCM Relaffigscular torticollis, 3—4 injection points along
to Reference Lines: A: Comparison of the CINDR body surface percentdhe long axis of the SCM are commonly selected.
positions and perpendicular puncture depths between the left and right side$i®uvever, this approach carries a relatively high
Comparison of the CINDR percentage positions and puncture depths betwésk of nerve or vascular injury. Moreover,
male and female specimens. nB = 0.05 2 Sihler’s staining of the INDR indicates that the
muscle tissue beneath the external jugular vein
to achieve technical advancements. Clinically, accurate target localizatiomtains very sparse terminal nerve branches,
can greatly enhance therapeutic efficacy by delivering the drug directlyatad injections at this site would markedly reduce
the contracted muscle fibers, while minimizing the risk of adverse effetiterapeutic efficacy. Therefore, accurately
such as dysphagia, which can result from drug diffusion, thereby enablitgntifying the optimal intramuscular BoNT-A
individualized treatment. Academically, this research contributes to a deepgection target within the SCM and its
understanding of disease mechanisms and supports the developmeanhatomical relationships has significant clinical
standardized, reproducible treatment protocols, advancing the field towgmitlance value.
precision medicine. From a socioeconomic perspective, improving the
success rate of a single treatment session reduces the need for rep€dtaienges of Intramuscular BoNT-A
interventions or surgery, prevents secondary craniofacial deformitiéggection in the SCM. Intramuscular injection
improves the long-term quality of life and prognosis for affected childreof BONT-A into the SCM has become a widely
and reduces overall healthcare costs. Consequently, this study marks a créitmapted treatment for pediatric muscular
step in improving the treatment of pediatric torticollis while ensuring bothrticollis due to its proven efficacy, minimal
safety and therapeutic effectiveness. invasiveness, and high patient compliance (Qiu
et al, 2020). Currently, clinical techniques for
Anatomy of the Sternocleidomastoid Muscle and Selection of BONT-A SCM BoONT-A injection are primarily
Injection Sites. The SCM originates from the sternum and clavicle, withategorized into single-point and multiple-point
the clavicular head arising from the medial one-third of the clavicle and @ggproaches. For example, 30 units of BoNT-A
sternal head from the superior part of the manubrium. The two muscle bundiey be divided among 3-4 injection points
ascend and converge in the middle portion of the neck to form a singleng the long axis of the SCM, or a single
muscle mass, inserting onto the mastoid process. Although previous stuidiestion may be administered within the SCM
have reported anatomical variations, such as three-headed or multi-hebeegath the external jugular vein. In clinical
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practice, single-point injections present challenges in precisencentrations in the modified Sihler’s staining protocol, a
dose control, while multiple-point injections, althoughgreater number of tertiary and quaternary nerve branches were
allowing for better dose distribution, increase the number ofearly visualized, and spiral CT scanning enabled precise
punctures and the associated discomfort for the patient. Currkrtalization of the CINDR. Despite clearly demonstrating the
injection techniques are largely designed to avoid injury tdistribution pattern of the INDR, the present study did not
adjacent anatomical structures. Anatomical studies highlightovide a three-dimensional representation of the anatomical
that numerous neurovascular branches course along tetationship between superficial and deep intramuscular nerve
superficial surface of the SCM, particularly the muscléranches.
branches originating from the thyroid and occipital arteries,
with considerable inter-individual variation in their trajectoriesLocalization Study of the CINDR. Staining of human motor
Consequently, commonly used injection sites carry a risk ehdplate bands requires fresh specimens within 3 h
damaging critical nerves or vessels, potentially resulting jmostmortemwhich is difficult to obtain and limits the practical
sensory disturbances or bleeding within the injection area, afesibility of motor endplate localization. Given that the INDR
may not represent the optimal choice. Although ultrasoundeincides with the location of the motor endplate band, several
guided injection provides real-time imaging that clearltudies have proposed the CINDR as a surrogate target for
delineates the SCM contours and larger superfici@oNT-Ainjection (Huet al, 2022 Wangt al., 2022 Hiet al,
neurovascular structures, thereby minimizing the risk @023). Recently, our team conducted experiments on the rabbit
vascular or neural injury (Alheet al, 2024), this technique masseter muscle, demonstrating that BONT-A injection at the
cannot identify or localize the INDR. CINDR resulted in superior therapeutic outcomes compared
to injections at conventional sites (Chenal., 2025).
Studies on Intramuscular Nerve Distribution in the SCM.  Therefore, precise localization of the CINDR in the pediatric
Previous microscopic anatomical studies have shown that tBEM in this study is expected to improve targeting accuracy
nerve innervating the SCM enters the muscle approximatednd enhance the therapeutic efficacy of BONT-A injections in
5.22 1.8 cm below the mastoid process (Silagtall, 2022). the management of pediatric muscular torticollis.
After entry, the main trunk courses obliquely downward, and
its intramuscular trajectory can be classified into three types: In summary, although previous studies have
Type A (non-penetrating), accounting for 45.9 %, in whiclinvestigated the intramuscular nerve distribution of the adult
the main trunk does not traverse the muscle; Type B (partiaBCM (Gulcanet al, 2024), the CINDR was not specifically
penetrating), comprising 50.8 %, where the trunk penetratiesalized. Even when adult CINDR data are available, they
the medial surface of the SCM and subsequently re-emergasnot serve as a substitute for pediatric localization results
medially before projecting toward the trapezius; and Type Que to growth-related variations in body size. Therefore, the
(fully penetrating), accounting for 3.3 %, in which the mairmprecise localization of CINDR in pediatric SCM, including
trunk traverses completely from the medial to the laterdls surface percentage position and puncture depth via spiral
surface of the SCM, posing a risk of being misidentified a8T in this study, offers valuable clinical guidance. Nonetheless,
the great auricular nerve or transverse cervical nerve duritigs study has some limitations, including the absence of racial
clinical procedures, potentially resulting in nerve injurysubgroup analysis, a relatively small sample size, and the lack
Although previous methods have roughly delineated thaf validation in clinical practice.
intramuscular course of the nerves, they have inherent
limitations. During dissection, small nerve branches arl@ ONCLUSIONS
frequently disrupted and segments of muscle tissue are
removed, making it difficult to accurately reflect the The CINDR of the Sternocleidomastoid Muscle can
relationship between nerve branch distribution and musdie served as an Ideal injection site for BONT-A in pediatric
structure. Other studies using Sihler’s staining haveuscular torticollis. This approach enhances the targeting
demonstrated that the SCM’s INDR is located between tlaecuracy and efficacy of BONT-A injections.
hyoid bone and cricoid cartilage, corresponding to
approximately 30-60 % of the muscle length, which is largelkCKNOWLEDGMENTS . The authors would like to
consistent with the INDR range identified in the present studycknowledge Xufeng Tian for her excellent technical
(Gllcanet al, 2024). However, the number of fine nerveassistance in spiral CT scanning. The authors sincerely thank
branches visualized in those studies was considerably lovtbose who donated their bodies to science so that this
than in the present experiment, rendering it impossible smatomical research could be performed. Results from such
determine the precise location of the INDR through direcesearch can potentially increase mankind's knowledge and
visualinspection, and no localization study of the INDR walnprove patient care. Therefore, these donors and their
conducted. In this study, by optimizing the reagenfamilies deserve our utmost gratitude.
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