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Abstract 

 

Accessory nerve distribution for aesthetic botulinum toxin 

injections into the upper trapezius muscle 

 

Ji Soo Lee 

 

Department of Orofacial Pain and Oral Medicine / Dentistry 

The Graduate School, Yonsei University 

 

(Directed by Professor Seong Taek Kim, D.D.S., M.S.D., Ph.D.) 

 

 

The descending part of the trapezius muscle is clinically associated with neck pain and 

aesthetic applications. The innervation of the trapezius muscle is not well described in the 

medical literature for clinicians. The aim of study was to analyze the perforating branch pattern 

of the accessory nerve in the descending part of the trapezius muscle with the aim of describing 

the most efficient and reproducible botulinum toxin (BoNT) injection sites for aesthetic 

treatment of shoulder contouring.  

Twenty-six specimens (five male and eight female) from embalmed Korean cadavers were 

used in this study. The trapezius muscle was dissected scrupulously and then reflected to enable 

examination of the locations of the perforating points.  
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The dense arborization of the perforating accessory nerve branches was confined mostly to 

section b (66.7%, 54/81) and section c (33.3%, 27/81) above a line divided into four sections 

between the 7th spinous process of the vertebra prominens and the acromion.  

Therefore, we recommended injecting into six points separated by 2 cm in sections b and c 

of the upper trapezius muscle to optimize the outcome of BoNT injection.  
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I. INTRODUCTION 

 

Botulinum toxin (BoNT) is a purified exotoxin of clostridium that inhibits neuromuscular 

transmission by blocking the release of acetylcholine, and therefore inhibits muscle 

contraction (Blitzer A and Sulica L, 2001, Kiris E et al., 2014, Yin S et al., 2001). BoNT has 

been used as a treatment modality for various neuromuscular disorders, including focal 

dystonia, and spasticity, and it is also widely used for aesthetic purposes. BoNT was first 

shown to reduce the appearance of facial lines more than 20 years ago (Blitzer A et al., 1993, 

Carruthers JD and Carruthers JA, 1992), and there is increasing interest in its use for shoulder 

contouring.  

The descending part of the trapezius muscle is clinically associated with neck pain and 

aesthetic applications (Nagrale AV et al., 2010, Turo D et al., 2013). Achieving optimal results 
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requires the most effective point of needle insertion to be determined—it is more effective to 

inject BoNT within the area where the stimulating nerve innervates the target muscle. It can be 

produced results about optimal dosage of BoNT injection. However, the innervation of the 

trapezius muscle is not well described in the medical literature for clinicians.  

This study analyzed the perforating branch pattern of the accessory nerve in the descending 

part of the trapezius muscle with the aim of describing the most efficient and reproducible 

BoNT injection sites for aesthetic treatment of shoulder contouring. 
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II. MATERIALS AND METHODS 

  

Twenty-six specimens from embalmed Korean cadavers (five males and eight females; mean 

age, 76 years; age range, 70–81 years) were used in this study. After removing the skin and 

subcutaneous tissues from the trapezius muscle, a detailed dissection was performed on all 

specimens while taking extreme care not to damage the fibers of the accessory nerve. The 

trapezius muscle was dissected scrupulously and then reflected to enable examination of the 

locations of the perforating points. After dissection, the nerve branches were immobilized with 

pins (Figure 1) above a line between the 7th spinous process of the vertebra prominens (C) and 

the acromion (A).  

 

 

Fig.1. Photograph of the dissection of perforating points of the accessory nerve. White pins, 

perforating branches of the accessory nerve in the upper trapezius muscle 
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The distribution of the accessory nerve was measured relative to the line between the 7th 

spinous process of the vertebra prominens and the acromion using digital calipers (Mitutoyo, 

Kawasaki, Japan). Data were analyzed with Microsoft Excel 2007 software (Redmond, WA).  

A modified version of Sihler’s staining technique was applied to the trapezius muscles in 

two specimens to reveal the nerve arborization patterns. This staining procedure takes 

approximately 4 months to complete and was performed according to the following protocol: 

fixation, maceration and depigmentation, decalcification, staining, destaining, neutralization, 

and clearing. No distinction was made between right- and left-side specimens.  
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III. RESULTS 

 

The mean distance from the 7th spinous process of the vertebra prominens (C in Figure 2) to 

the acromion (A in the Figure 2) was 171.5 mm (range 139 to 199 mm). The mean distance 

from C and A was 157.1mm (range 139 to 170 mm) in female and 180mm (range 169 to 199 

mm) in male. The line between C and A was divided into four equally sized sections 

(designated a–d in Figure 2) to identify the distribution of the accessory nerve. 

 

 

Fig.2. Illustration of the reference points and lines used to describe the distribution of the  

accessory nerve. C, 7th spinous process of the vertebra prominens; A, acromion; a–d, 

the line between C and A was divided into four equally sized sections; Yellow lines, 

schematization of perforating of the accessory nerve in the upper trapezius muscle 
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In total, 81 perforating points were measured in the upper trapezius muscle (superior to the 

line between C and A). These perforating points generally ran around the main trunk of the 

accessory nerve. The main trunk was mostly located lateral to b and medial to c, with 

consistency between the findings of our dissection and Sihler’s staining (Figure 3).  

 

 

Fig.3. Left, Photograph of Sihler’s staining of the accessory nerve; Right, Illustration of the 

dense arborization of the perforating accessory nerve branches.  Blue areas, 

distribution of perforating points  

 

The number of perforating branches in the upper trapezius was distributed as follows: 2 or 

fewer (6 specimens, 23.1%), 3 or 4 (17 specimens, 65.4%), and 5 or more (3 specimens, 

11.5%). The dense arborization of the perforating accessory nerve branches was confined 

mostly to section b (66.7%, 54/81) and section c (33.3%, 27/81; Figure 3). The measured 

locations of the accessory nerve perforating branches are summarized in Table 1. 
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Table 1. Measured locations of the accessory nerve perforating points 

X, line between spinous process of the vertebra prominens and the acromion;  

Y, line perpendicular to x-axis at the point of the spinous process of the vertebra prominens 

 

Perforating 
point 

Location, mm 

Mean SD Minimum Maximum 

X 79.8 11.7 46.5 101.8 

Y 13.5 10 0 47.2 
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IV. DISCUSSION 
 

The trapezius muscle is the largest of the scapulothoracic muscles, extending from the 

external occipital protuberance down to the lower thoracic vertebrae. The trapezius muscle is 

generally innervated by peripheral motor nerve branches originating from both the spinal 

accessory nerve(SAN) and the cervical plexus (Svenberg Lind C et al., 2015). There have been 

considerable variations in the reported nerve innervation of the trapezius muscle. Along with 

the accessory nerve, the cervical nerves either run independently to the trapezius muscle or 

form a plexus with the accessory nerve before entering this muscle (Tubbs RS et al., 2011). 

Kim et al. reported that the accessory nerve provides the most important and consistent motor 

input to the trapezius muscle, and that the C2–C4 nerves also provide motor  input to the 

trapezius muscle (Kim JH et al., 2014). Kierner and Carenfelt studied that these 

communicating branches are purely proprioceptive (Kierner AC et al., 2002). In contrast, 

Gavid et al. reported that motor input to the trapezius from C2, C3 and C4 are rare (Gavid M et 

al., 2016). The results about nerve distribution of trapezius tend to vary widely between authors. 

There is no doubt that the accessory nerve supplies the most important motor input to the 

trapezius muscle. Despite the increasing popularity of BoNT aesthetic treatment of trapezius, 

the simplified and reproducible BoNT injection sites has not been reported related to motor 

nerve innervation. Our study is the first to provide precise anatomical information focused on 

the location of motor nerve—which is a perforating branch of the accessory nerve in the upper 

trapezius—based on meticulous dissection. 

Shiozaki et al. observed that one to four branches of the accessory nerve innervate the 

anterior margin of the trapezius muscle, these branches are main branch number (Shiozaki K et 

al., 2007). The presence of one or two branches was the most common, with an incidence of 
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80%. Kierner et al. described that none of the branches merged with the SAN medial to the 

anterior border of the trapezius muscle (Kierner AC et al., 2000). In most cases, a tiny 

additional branch could be seen arising from the SAN about 2 cm medial to the trapezius 

muscles. Furthermore, all the perforating branches identified in the present study were only 

associated with the upper trapezius for BoNT injections. The distribution of the perforating 

branches in the upper trapezius was as follows: 2 or less (6 specimens, 23.1%), 3 or 4 (17 

specimens, 65.4%), and 5 or more (3 specimens, 11.5%). While this represents useful 

information for injecting into specific target areas of the upper trapezius muscle. 

BoNT is one of the neurotoxin proteins (A, B, C1, C2, D, E, F, and G) produced by 

Clostridium botulinum, which is an anaerobe that causes food poisoning. Clostridium 

botulinum was first extracted in 1897 by Van Ermengen from a dead body and salted pork, and 

BoNT was separated and refined in 1946 by Edward J. Schantz. In 1949, Burgen et al. reported 

that BoNT suppressed muscle contraction by depressing acetylcholine secretion at cholinergic 

nerve terminals (Burgen AS et al., 1949, Jankovic J and Brin MF, 1997). BoNT exerts its 

activity by inducing muscle weakness via inhibiting the transmission of alpha-motor neurons in 

the neuromuscular junction, which has prompted the use of BoNT for treating muscular 

hyperactivity and dystonia (Priori A et al., 1995).  

The BoNT diffusion potency has been studied by several authors. Studies in experimental 

animals found that injecting 5–10 U of BoNT resulted in biologic activity at 4.5 cm from the 

injection site within the targeted muscle (Borodic GE et al., 1994) that the muscle fascia did 

not act as a barrier to diffusion of the toxin (Shaari CM et al., 1991), and that doses of 10 U 

had biologic effects that spread across the fascial planes to adjacent, non-injected muscles 

for 2.5–4.5 cm from the injection site (Borodic GE et al., 1994, Borodic GE et al., 1990). A 

neurotoxin that spreads in a predictable manner would be preferable for aesthetic 
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applications for clinicians. Cliona et al. reported that the upper trapezius muscle is 4.9–5.0 

mm thick (O’Sullivan C et al., 2009), and BoNT generally diffuses up to 2–4 cm from the 

injection site (Ramirez-Castaneda J et al., 2013). The application of more BoNT results in a 

larger diffusion diameter (Costa A et al., 2012). In the present study, the arborization of the 

perforating accessory nerve branches was densest in section b (66.7%) and section c (33.3%). 

Our reference line length (C—A) was about 17cm and a minimum of 14cm and a maximum 

of 20cm. When the baseline is divided into 4 equal parts, it is seen as about 4cm per area 

(a—d).   

The first clinical observations of the possible beneficial effects of BoNT on headache were 

made when the toxin was applied to patients for cosmetic reasons. The analgesic effects of 

BoNT-A were first reported in 1985 from a pilot study of BoNT-A treatment for cervical 

dystonia, which is characterized by abnormal and involuntary neck and shoulder muscle 

contractions that often result in significant and disabling musculoskeletal pain (Tsui JK et al., 

1985). BoNT-A injections for chronic migraine have now evolved into a standardized 

technique involving at least 31 injection sites across the head and neck regions (Blumenfeld A 

et al., 2010). These regions are the corrugator, procerus, frontalis, temporalis, occipitalis, 

cervical paraspinal, and trapezius muscle. 

In clinical applications, the injection site for the trapezius muscle is confined to the upper 

portion connecting the neck (C7, spinous process of the vertebra prominens) and shoulders 

(acromion). Injections are made into the most protruding area of the muscle for trapezius 

reduction in aesthetic treatments, because it is not standardization of injection technique 

(conventional methods). Also, the optimum dosage of BoNT has not been reported, but the 

applied BoNT dosages range from 30 to 70 U (average 50 U) (Seo KK, 2016). Higher doses of 

BoNT can induce some minor side effects such as muscle weakness, heaviness, and cervical 
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dystonia, and so it is necessary to inject appropriate doses in precise sites in order to maximize 

efficacy and minimize side effects.  
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V. CONCLUSION  

 

The detailed anatomical information reported here improves the understanding of the 

location of perforating branches of the accessory nerve in the upper trapezius muscle, and 

provides fundamentally important knowledge for clinicians conducting BoNT injections for 

trapezius muscle. 

Considering nerve distribution and diffusion region, we recommended injecting into six 

points separated by 2 cm in sections b and c of the upper trapezius muscle to optimize the 

outcome of BoNT injection (Figure 4). It is significant that it is easier to apply to anyone than 

to apply unstructured techniques.  

 

 

Fig. 4. Illustration of the most efficient and reproducible BoNT injection sites based on our 

results. Black dots, injection sites; Yellow circles, predicted diffusion areas 
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ABSTRACT (in Korean) 

 

승모근 상부에 미용 목적의 보툴리눔 독소 주사 시 

고려해야 할 부신경의 분포  

 

<지도교수 김 성 택> 

연세대학교 대학원 치의학과 

이 지 수 

 

 

 

승모근의 상부는 임상적으로 경부 통증과 심미적인 면과 관련이 있다. 승모근의 

신경분포는 임상가들을 위한 의학 문헌에 잘 나와있지 않다. 이 연구의 목적은 

어깨선을 예쁘게 하는 치료에 있어서 승모근의 상부를 지나가는 부신경 가지의 

관통점을 가장 효율적으로 묘사하여 재현가능한 보툴리눔 독소의 주사 부위를 

찾고자 하는 것이다.  

한국인 사체 13구(남성 5구, 여성 8구)가 연구에 사용되었다. 부신경의 

관통점을 찾기 위해서 승모근을 세심하게 절개하고 반전하였다.  

경추 7번째 극돌기에서 견봉까지의 선을 네 등분(a-d) 하여 측정하였는데, 이 



18 

부위를 관통하는 부신경은 거의 b부위(66.7%, 54/81)와 c부위(33.3%, 27/81)에 

집되어 있었다.  

결론적으로 이 연구에서는 보툴리눔 톡신을 주사하여 최적의 결과를 얻기 위해 

승모근의 b와 c 부위 내에서 2 Cm 떨어지게 여섯 부위에 주사하기를 추천한다.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

핵심되는 말: 보툴리눔 독소, 승모근, 부신경, 주사점 


