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Abstract

The course of the spinal accessory nerve in the neck is long and superficial rendering it 

at high risk of injury during procedures performed in the posterior triangle. The majority

of spinal accessory nerve injuries are iatrogenic in nature. This is associated with 

significant morbidity including reduction in shoulder movements, drooping of the 

shoulder, winging of the scapula and neuropathic pain. Knowledge of the nerve 

anatomy reduces the risk of intra-operative nerve injury. Traditional teaching describes 

the point of entry into the posterior triangle as the intersection between the upper and 

middle third of the posterior border of sternocleidomastoid. The aim of this study was to

determine whether this is in fact the case and if so, whether this landmark can reliably 

be used to identify the spinal accessory nerve in order to improve patient outcomes. 

The spinal accessory nerve was identified unilaterally in 26 cadavers. The total length of

sternocleidomastoid was measured as well as the length along the posterior border from 

the inferior aspect of the mastoid process to the point at which the accessory nerve 
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enters the posterior triangle of the neck. These measurements were used to calculate the 

ratio of the entry point of the nerve into the posterior triangle along the length of the 

posterior border of sternocleidomastoid from its superior insertion point. The mean ratio

was 0.35 with 95% confidence intervals of 0.33 to 0.36.

Our findings confirm the traditional description of the entry point of the spinal 

accessory nerve into the posterior triangle of the neck. We describe a so-called ‘safe 

zone’ inferior to the midpoint of the posterior border of sternocleidomastoid within 

which the spinal accessory nerve is unlikely to be found, thereby reducing the risk of 

iatrogenic injury. 
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INTRODUCTION

The accessory nerve is the 11th cranial nerve and is derived from two roots; a 

spinal root and a cranial root[7]. The spinal accessory nerve exits the cranium via the 

jugular foramen, coursing through the neck, to provide motor supply to the 

sternocleidomastoid and trapezius muscles[7][1]. Its long and superficial course renders 

it at high risk of injury during procedures performed in the posterior triangle of the 

neck[1][10]. 

Most spinal accessory nerve injuries are iatrogenic in nature[6]. The literature 

demonstrates that it is one of the most commonly injured nerves during surgery across 

all specialties[20]. The anatomy of the nerve puts it at risk during otolaryngological 

surgery involving the lateral skull base, superior neck and posterior triangle[7][15]. This

includes cervical lymph node biopsy, sebaceous cyst excision and neck dissection 

procedures[15]. Whilst the spinal accessory nerve is intentionally resected during a 

radical neck dissection, both modified-radical and selective neck dissections with nerve 

preservation are still associated with significant nerve morbidity[1,5,18]. Injury to the 

spinal accessory nerve results in the so-called ‘Shoulder Syndrome’[16], characterised 

by paralysis of the trapezius muscle[10,13,17].  Clinical sequelae includes reduction in 

shoulder movements, drooping of the shoulder, winging of the scapula and neuropathic 



pain[10,13,17]. This morbidity, secondary to unintentional iatrogenic injury, has 

significant medicolegal repercussions as a source of malpractice litigation[15].  

Detailed anatomical knowledge of the course of the spinal accessory nerve is 

fundamental to a reduction in the rate of iatrogenic injury. The nerve arises from the 

spinal nucleus at the levels C1-6 of the spinal cord[7,22]. These fibres merge to enter 

the posterior cranial fossa via the foramen magnum, after which the spinal root 

combines with the fibres of the cranial root to form a single common accessory nerve 

trunk[7,22]. The accessory nerve then exits the cranium via the jugular foramen, in 

close proximity to the internal jugular vein, before dividing again into a spinal and a 

cranial portion, with fibres from the latter running with the vagus nerve[7,22]. The 

spinal accessory nerve typically descends laterally to the internal jugular vein, then 

anterior to the transverse process of the atlas before passing medial to the styloid 

process, the stylohyoid and digastric muscles [7,17,22]. The nerve then enters or 

continues deep to the sternocleidomastoid muscle[17,22], before exiting from its 

posterior border to enter the posterior triangle of the neck, where it lies superficially 

[7,17,22]. The nerve then has a tortuous course as it continues to descend inferolaterally

before exiting the posterior triangle by passing deep to the anterior border of 

trapezius[7,17,22]. 

Traditional anatomical teaching describes the point of entry of the spinal 

accessory nerve into the posterior triangle as the intersection between the superior one-

third and inferior two-thirds of the length of the posterior border of sternocleidomastoid 

muscle[14,19]. The aim of this study was to determine the veracity of this statement and

if so, whether this landmark can reliably be used to identify the spinal accessory nerve 

intra-operatively, in order to improve patient outcomes through avoidance of iatrogenic 

injury and associated morbidity. 

MATERIALS AND METHODS

Unilateral neck dissections were performed on 26 embalmed cadavers at the 

Human Anatomy Centre, Department of Physiology, Development and Neuroscience, 

University of Cambridge. All donors had provided consent before decease for the use of

their bodies for anatomical research, in compliance with the Human Tissue Act 2004. 



The side of the neck where the common carotid artery had not been used for vascular 

embalming was selected for dissection. The cadavers were placed in a supine position 

with a shoulder roll in order to extend the neck. The head was also rotated 45 degrees to

the contralateral side. A standardised post-auricular skin incision was made. This was 

extended along the inferior aspect of the mandible, inferiorly at the midline of the 

anterior neck and along the clavicle laterally to the acromion. The skin flap was 

reflected laterally to expose the anterior triangle, the sternocleidomastoid muscle, the tip

of the mastoid process and the posterior triangle of the neck. The sternocleidomastoid 

was cleared along its length to allow identification of insertion points, as was the 

anterior border of trapezius. Meticulous dissection of the posterior triangle allowed for 

identification of the accessory nerve and its entry and exit points along the 

sternocleidomastoid and trapezius muscles. The following measurements were taken:

— Length of posterior border of sternocleidomastoid (from the mastoid process 

superiorly to its attachment inferiorly onto the clavicle);

— Length along posterior border of sternocleidomastoid from its superior insertion 

point to the point at which the accessory nerve emerged to enter the posterior triangle;

— Length of the anterior border of trapezius (from the clavicle inferiorly to its insertion 

at the superior nuchal line); 

— Length along the anterior border of trapezius from the clavicle inferiorly to the point 

at which the accessory nerve exits the posterior triangle. 

In order to reduce the risk of variability between measurements taken by 

differing researchers, the insertion points of sternocleidomastoid and trapezius were 

identified and marked by a single researcher using pins. String measurements were then 

taken. This was performed independently, and confirmed by two further researchers. 

Having obtained the above measurements, the mean length and standard deviations 

were calculated for each measurement as well as the ratio of the entry point of the 

accessory nerve into the posterior triangle along the length of the posterior border of 



sternocleidomastoid from its superior insertion point. The Pearson’s correlation 

coefficient was also calculated in order to determine whether there was any significant 

relationship between this ratio and the height of the donor. 

RESULTS

The spinal accessory nerve was identified unilaterally in 26 cadavers (14 male, 

12 female). The median age was 83 years with a range of 67–100 years. The average 

height and weight were 1.68m and 63.0kg respectively. Seventeen neck dissections were

performed on the left and 9 on the right. 

The mean length of the posterior border of sternocleidomastoid was 210mm +/- 

23.2mm SD with a range of 171-260mm.  The mean length from the superior insertion 

point to the entry point of the spinal accessory nerve into the posterior triangle, along 

the posterior border of sternocleidomastoid, was 73mm +/- 9.6mm SD. 

The ratio of the entry point of the accessory nerve into the posterior triangle 

along the length of the posterior border of sternocleidomastoid from its superior 

insertion point ranged from 0.27 to 0.43, with a mean of 0.35 +/- 0.04 SD and 95% 

confidence intervals of 0.33 to 0.36 (Table 1). 

Correlation studies were also performed to investigate the relationship between 

the height of the donor and the ratio of the entry point of the nerve into the posterior 

triangle from the superior insertion of sternocleidomastoid. The Pearson’s correlation 

coefficient was -0.29 (p<0.05). This weak, but significant correlation demonstrates that 

the entry point ratio does not alter with height. The mean entry point ratio was also 



calculated for male and female specimens; in males this was 0.34 and females it was 

0.35. 

The mean exit point of the nerve from the posterior triangle was 39mm along the

anterior border of trapezius from the clavicle inferiorly.

DISCUSSION

The aims of this study were to determine if the entry point of the spinal 

accessory nerve into the posterior triangle of the neck conformed to traditional 

anatomical teaching, and whether this would be a reliable landmark for intra-operative 

identification of the nerve. Our findings corroborate traditional teaching which 

describes the point of entry of the spinal accessory nerve into the posterior triangle as 

the intersection between the superior one-third and inferior two-thirds of the length of 

the posterior border of sternocleidomastoid muscle (33% of its length)[14,19] In this 

study, the mean entry point of the nerve into the posterior triangle was 35% of the total 

length of the posterior border of sternocleidomastoid from its superior insertion. With 

regards to whether this landmark should be used for intra-operative identification of the 

spinal accessory nerve, this study has demonstrated, with 95% confidence intervals, that

the ratio of the entry point of the accessory nerve into the posterior triangle along the 

border of sternocleidomastoid lies consistently between 33-36% of its length from the 

superior insertion point, and that this is independent of height and sex. 

There have been many attempts within the literature to describe the course of the

spinal accessory nerve and to define its point of entry into the posterior triangle of the 

neck in relation to surrounding structures[8]. This includes distance from the 

clavicle[8,9], the mastoid process[3,4,8,11,12,23], the angle of the mandible[23], the 

greater auricular nerve[21] as well as, similar to this study, the distance along the 

posterior border of sternocleidomastoid from its superior insertion point[1,2,13,21,22]. 



This study found the ratio of the entry point of the accessory nerve into the posterior 

triangle along the length of the posterior border of sternocleidomastoid from its superior

insertion point to be between 0.27 to 0.43 of the total length. Our findings suggest that 

iatrogenic injury to the spinal accessory nerve may be avoided in the majority of cases 

by limiting dissection inferior to half way along the posterior border of 

sternocleidomastoid. These findings are in keeping with those reported within the 

literature. Symes and Ellis(2005)[22] found that in a cadaveric study of 50 spinal 

accessory nerves, this ratio was between 0.28-0.44 with a mean entry point of 0.36. 

Similarly, Abakay et al. (2020)[1] found that this ratio was  between 0.25-0.40 in 87 out 

of 100 specimens. Soo et al. (1986) reported that in 31 of 32 cadaveric specimens the 

spinal accessory nerve entered the posterior triangle within the superior half of the 

border of sternocleidomastoid with the nerve only entering outside of this in area 3% of 

cases[21]. As such, we can conclude that the majority of iatrogenic injuries to the spinal 

accessory nerve may be avoided by limiting dissection to the inferior half of 

sternocleidomastoid and cautious dissection superiorly.  

There are methodological limitations to this study including a small sample size 

of only 26 nerves and the potential for variation in the points between which 

measurements were taken, for example, when identifying the insertion point of 

sternocleidomastoid and trapezius muscles. In an attempt to overcome inter-rater 

variability, a single researcher identified these points with pins for all specimens and 

two researchers subsequently took all the measurements which were then compared and 

repeated. However, in order to replicate the clinical environment, we ensured standard 

positioning with shoulder roll and neck rotated 45 degrees to the contralateral side. 

CONCLUSIONS



The principal aim of this study was to determine whether the entry point of the 

spinal accessory nerve into the posterior triangle is, as described in traditional 

anatomical teaching, at the intersection between the superior one-third and inferior two-

thirds of the length of the posterior border of sternocleidomastoid muscle[14,19]; our 

findings do confirm this description. In addition, we describe a so-called ‘safe zone’ of 

the posterior triangle of the neck, inferior to the midpoint of the posterior border of 

sternocleidomastoid, within which the spinal accessory nerve is unlikely to be found, 

thereby reducing the risk of iatrogenic injury. 
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Table 1. Measurements taken and entry point of SAN into the posterior triangle

Measurement Mean Standard

Deviation (mm)

Range (mm)

Length posterior border of SCM* 210 mm 23.3 171-260

Length from superior insertion point 

SCM* to entry point of SAN** into 

posterior triangle

73 mm 9.6 51-90

Ratio of entry point SAN** into posterior 

triangle along length of posterior border 

SCM*

0.35 0.04 0.27-0.43

*SCM = Sternocleidomastoid **SAN = Spinal Accessory Nerve


