
Accessory nerve: summarized anatomical topology 
in a narrative review

Abstract
Introduction The spinal accessory nerve (cranial nerve XI) is a motor and proprioceptive nerve that sup-
plies sternocleidomastoid and trapezius muscles, thus it is essential for proper shoulder function. Given 
its variable anatomy and clinical implications, this study aimed to review the currently knowledge of its 
topography, branching and clinical implications. Materials and methods We followed SANRA guidelines 
and performed literature search using PubMed, Web of Science, and Embase databases up to November 
2024. Selected studies included written in English, original, peer-reviewed cadaveric, radiologic, and sur-
gical articles with clearly defined objectives, methods, and results regarding accessory nerve anatomy. Two 
reviewers independently screened the studies, with consensus reached through a third reviewer when 
necessary. Results Extracted data included morphometric parameters, nerve course, branching, exit and 
ending points, and clinical considerations from 71 studies. Results highlighted marked variability in exit 
points, with the nerve commonly emerging at or near the sternocleidomastoid muscle, leaving the cranium 
through jugular foramen. Its relationship to the internal jugular vein and cervical plexus was inconsistent, 
presenting frequent anatomical variants that we described. Branching patterns to both sternocleidomasto-
id and trapezius muscles varied widely, with up to five branches. Discussion The clinical analysis led us to 
the conclusion that the nerve’s superficial course through the posterior cervical triangle renders it espe-
cially vulnerable during lymph node dissection, biopsies, tumor removals and other surgical procedures. 
Injury leads to “shoulder syndrome”, characterized by pain, weakness, and scapular winging, that often 
requires reconstructive intervention. Understanding the accessory nerve’s anatomical variability is critical 
for surgical planning, intraoperative nerve preservation and improving patient outcomes.
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Introduction
Accessory nerve (IX) is one of 12 cranial 

nerves consisting of motor and proprioceptive 
fibers supplying sternocleidomastoid muscle 
and trapezius muscle, which is essential for 
proper shoulder movement. It consists of two 
roots – cranial and spinal – which join in the 
cranial cavity and separate again after leav-
ing it through the lateral part of the cervical 
foramen. After separation, the cranial roots 
form the internal branch and the spinal roots 
form the external branch. The internal branch 
connects to the vagus nerve trunk, while the 
course of the external branch is traditionally 
described as anterior to the internal jugular 
vein, posterior to the styloid process and the 
posterior belly of the digastric muscle, heading 
downwards to the sternocleidomastoid muscle, 
piercing it and heading towards the trapezius 
muscle, supplying its middle and lower parts 
[1]. Nevertheless, this description does not al-
ways correspond to reality, and this should be 
kept in mind. The area through which it pass-
es is sometimes exposed to iatrogenic dam-
age caused by resection of the cervical lymph 
nodes and other procedures performed in this 
area. Damage to the accessory nerve can lead 
to shoulder syndrome, which reduces the qual-
ity of life and may result in further procedures 
aimed at its reconstruction. A thorough knowl-
edge of the anatomy of the neck, what our team 
have proven in previous articles, can increase 
the effectiveness of procedures and minimise 
the risks associated with them [2-4].

Materials and methods
Study protocol and registration

This review followed the rigorous standards 
of conducting narrative reviews outlined in the 
Scale for the Assessment of Narrative Review 
Articles (SANRA) guidelines.

Search strategy
We searched all the literature on accesso-

ry nerve anatomy until November 2024. We 
searched PubMed, Web of Science and Embase 
databases. The search terms we used were ac-
cessory nerve, spinal accessory nerve, cranial 
nerve XI, 11th cranial nerve, anatomy, surface 
anatomy, variation, branches, division, classifi-
cation, anastomosis, nerve injury, nerve dam-
age, imaging. We did not make any language 
restrictions during the search. All references 
were exported to Mendeley. All references of 
the found studies were also screened; if any 
were deemed valid, we have included them in 
our review.

Selection criteria
To be included in the narrative review, the 

article had to meet specific criteria presented 
here in hierarchical order:

1.	 It had to be written in English.
2.	 It had to be an original work presented 

as a complete, peer-reviewed article.
3.	 It had to state its objectives, methods, 

and results clearly.
4.	 It had to discuss the anatomy of accesso-

ry nerve or its branches.
5.	 It had to be either cadaveric, radiologic 

or surgical study
Two independent reviewers screened the 

studies. The first screening was done by JM; 
the second was by HA. All the reviewers were 
familiar with the selection criteria. All were in-
structed to include studies they needed clarifi-
cation on. If a consensus was not reached, the 
third reviewer, MM, was consulted to solve the 
problem. The third reviewer evaluated these 
studies and included or rejected them based on 
discussion.

Study appraisal
To decrease the risk of bias in our narrative 

review, we used study appraisal tools based 
on the current consensus on narrative review 
methodology. To assess the methodological 
quality, we used a SANRA checklist.

Data extraction
The primary data we collected were the first 

author’s surname, publication year, the coun-
try where the study was conducted. More pre-
cise data we searched for included information 
on population size , age, sex and race, method 
used, side studied, parameters included, mea-
suring tools, nerve exit point, topography, end-
ing point, length and clinical parameters. Any 
discrepancies were dissolved by discussion 
between the team members until a conclusion 
was reached.

Outcomes analysis
Outcomes were analyzed qualitatively and 

quantitatively. This article is divided into four 
sections — introduction, methods, results, and 
discussion. In the discussion, we discuss the 
importance of anatomy of accessory nerve in 
modern evidence-based medicine.

Data reviewed
Exit point

13 authors found the nerve exit point to be at 
or near the sternocleidomastoid muscle. Mirial-
ili et al. and Jones et al. found it at the SCM [5 
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6]. Leung et al. found it from within or immedi-
ately deep to the SCM and the investing fascia 
[7]. Dailiana et al. and Casembasi et al. found 
in to be penetrating through the SCM [8,9]. Ar-
amrattana et al. and Haque et al. found it to exit 
at Erb’s point [10,11]. Bertelli et al., Norkus et 
al., Kaiser et al., Anehosur et al., Vaid et al. and 
Symes et al. found the nerve to emerge from 
the posterior border of he SCM [12-17].

10 authors, namely: Kowalska et al., Bejjani 
et al., Canella et al., Brinzeu et al., Nason et al., 
Akdag et al., Saman et al., Pagedar et al., Lee et 
al., Caliot et al. found the nerve exit point to be 
at the jugular foramen [18-27].

Jobe et al. found it to be at the spinous pro-
cess of the vertebral body and the lateral tip of 
the acromion [28].

Rhoton et al. found it to be sever millimeters 
caudal to the lowest cranial accessory fibers 
[29]. Pagedar et al. found it to be at the inferior 
border of the posterior belly of digastric [25].

Katsura et al. found it to be along the posteri-
or margin of the inferior two-thirds of the olive 
and at the lower medulla and upper segments 
of the cervical cord [30].

Topography
The spinal accessory nerve leaves the crani-

al cavity through the pars venosa of the jugular 
foramen [23], alongside of CN IX, CN X and in-
ternal jugular vein. [10] Within the JF, the SAN 
runs posteriorly to the vagus nerve. [19] For the 
internal jugular vein a cadaveric study by Sa-
man et al. revealed that the SAN was anterome-
dial to the IJV in 73 cases, posterior in 9 cases 
and medial in 2 cases. Then, at the base of skull, 
the SAN ran anteromedial to the IJV in 56 cases, 
medial in 21 cases and posterior in 7 cases. 

In the anterior triangle of the neck, the SAN 
coursed anteriorly to the IJV in 57 cases, pos-
teriorly in 16 cases and in one case the nerve 
traversed the vein. [24] However, at the level 
of the posterior belly of digastric, Christine B 
et al. found 198 nerves lateral and superficial 
to the IJV, 6 nerves medial and deep to IJV and 
2 nerves pierced the IJV and one nerve running 
around (both medial and lateral) to the vein. In 
another study Taylor et al. located the SAN lat-
eral, superficial and ventral to the IJV in 95,6% 
cases, medial, deep and dorsal to the IJV in 
2,8% cases, piercing the IJV in 0,9% cases and 
running around the IJV in the remaining 0,48%. 
At the level of the superior margin of the poste-
rior belly of digastric Hinsley and Hartig iden-
tified the SAN lateral to IJV in 112 cases, medial 
to IJV in 3 cases and in one case the nerve run 
through the vein. Vaid et al. reported the SAN to 
be ventral to IJV in 20 (67.7%) cases and dorsal 
to the IJV in 10 (32.3%) cases.

After the SAN passes the JF, it runs over the 
IJV and diagonally in a postero-inferior direc-
tion to finally innervate the deep surface of 
sternocleidomastoid muscle [10]. It enters the 
SCM at the level of the angle of mandible and 
C3 vertebra. [18] According to Bejjani and Sul-
livan, the SAN enters the SCM from medial or 
anterior side.The SAN was identified deep to 
SCM [6,25,27,31-37], anterior to SCM [38] or 
perforating the muscle [27,37,39]. Eastwood 
and George in 62.5% of cases reported a fol-
lowing arrangement of structures: the SAN 
transversing deep at the intersection with SCM 
and superior tendon of SCM most superficial-
ly along with the sternocleidomastoid branch 
of occipital artery. In 20.8% cases the SAN was 
superficial to the SBOA and lying at the level of 
the SCM tendon. In the remaining 16.6% cas-
es both SAN and SBOA were at the level, but 
deep to the SCM tendon. The distance between 
the SAN and SBOA was 3.63+/-4.02 mm, while 
the distance between the tendon and SAN 
equaled 2.31+/-1.72 mm.The study of Hong et 
al. showed that 38% cases the SAN coursed su-
perficial to the clavicular head of SCM and deep 
to its sternal head, while deep to both heads in 
62%. Symes and Hills reported the SAN either 
enters the SCM deep surface between its ster-
nal and clavicular heads or courses under the 
SCM. Cavalcanti et al. found the superficial seg-
ment of SAN in a triangle bordered anteriorly 
by IJV, posteriorly by SCM and superiorly by the 
posterior belly of digastric (80%) or occipital 
artery (20%). Following Raikos et al. the mean 
distance of the great auricular point to the exit 
of SAN at the posterior border of the SCM was 
9.2 mm, with the minimal value equaling 0.3 
mm and maximal value of 19.37 mm.

Cesmebasi and Spinner studied the relation 
between the transverse cervical nerve and 
great auricular nerve and SAN. The proximal 
SAN was found cephalic to TCN and GAN.

The accessory nerve was identified in both 
anterior and posterior cervical triangles in 
studies by Nason, Richard W et al. and Kiern-
er A. C., et al. Prominently more frequently it 
was found in the posterior triangle of the neck 
[6,5,8,13,14, 22,32-35,37,38,40-44].

In the posterior triangle two layers of deep 
cervical fascia blanked AN, which is addition-
ally surrounded by a layer of connective tissue 
[10]. The nerve in this triangle courses superfi-
cially and receives communicating branches to 
the cervical plexus [10].

Additionally in the omotrapezoid triangle 
accessory nerve also runs superficially [27].

Relative to levator scapulae, AN is located 
superficially [20] or, according to Symes and 
Hills, is located on this muscle, but between 
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the muscle and the nerve lies a pre-vertebral 
layer of deep cervical fascia and layer of fat tis-
sue. [17]. In this location, the superficial lymph 
nodes are connected with the accessory nerve 
[17,45]. The nerve was also observed within an 
adipose tissue layer in close proximity by Hong 
et al. This deposit of fat tissue was located pre-
cisely between the levator scapulae and the 
trapezius muscle [45].

The accessory nerve can emerge from the 
posterior triangle of the neck in several differ-
ent ways. However, it is significant that AN runs 
in a deep layer of trapezius firstly after getting 
out the posterior triangle [43] and the most 
common course is along the anterior border 
of the trapezius muscle [8,20,40,44] where it 
branches off and innervate the superior part of 
the muscle [8]. Symes, Hills detailed that fre-
quently AN runs lineal (in 74% cases) and less 
often tortuously (in 26% cases) on the lateral 
and deep part of trapezius up to finally perfo-
rate anterior margin of this muscle. Rarely, it 
follows the anterior margin in the direction of 
the clavicle finally piercing the trapezius (no-
ticed in 14 cases). [17]. The accessory nerve 
may also course on the ventral surface of the 
trapezius [28,41], especially across the trans-
verse part of this muscle [46] or additionally 
can run under the trapezius [37].

In relation to the structures of the scapula, 
Heo et al. pointed to scapular osteal landmarks. 
Under the superior border of the scapula, the 
accessory nerve was located medial (in 37% 
cases) and lateral (in 63% cases) to the trans-
verse cervical artery. At the level of the superior 
angle of the scapula, the nerve coursed medial-
ly in 61% and laterally in 39% of cases, tending 
toward a lateral direction. Notwithstanding, in 
supraspinous fossa of scapula, accessory nerve 
was medial in 61% and lateral in 39% cases to 
the artery, and nearly spine of scapula, nerve 
was lateral in 44% and medial in 56% of cas-
es to the artery, indicating a more medial ten-
dency. At the height of spine of the scapula, the 
transverse cervical artery was located on aver-
age 7,5 mm lateral and 9,5 mm medial to the 
accessory nerve. [45].

Branching
The spinal accessory nerve (SAN) shows 

significant anatomical variation in branching 
patterns and in the length of the nerve, as well 
as in many cadaveric and imaging studies. Its 
innervation of sternocleidomastoid (SCM) and 
trapezius muscles is a heterogeneous collec-
tion of branching patterns and interconnectivi-
ties with the cervical plexus.

 Regarding branching patterns, numerous 
studies have revealed a broad extent of mor-

phological variation. Five SAN branching types 
were classified by Shiozaki et al. according to 
the number of branches reaching the anterior 
margin of the trapezius: Type 0 (none, 3.8%), 
Type 1 (single branch, 50%), Type 2 (double 
branches, 30.8%), Type 3 (three branches, 
11.5%), and Type 4 (four branches, 7.9%) [47].

The same extent of variation was verified by 
Jobe et al., who described three to six major 
branches (mean 3.8), and Symes and Hills, who 
described that in 16% of specimens there were 
no trapezial branches, one branch in 18%, 
two branches in 28%, three branches in 22%, 
four branches in 14%, and five branches in 2% 
[17,28]. Moreover, in this study, SAN had no 
branches of the cervical plexus in 36% of dis-
sections, whereas in the remaining 64%, one 
branch was found in 25 cases and two branch-
es in seven cases. Anastomotic fibres arose 
primarily from C2–C3 and C3, and secondarily 
from C2 and C3–C4.

SCM innervation by more than a single 
branch of the spinal accessory nerve was com-
mon, with large anatomical studies showing 
extensive variation in the number of branches. 
Brî�nzeu and Sindou, and Caliot and Bousquet, 
provided strikingly similar distribution pat-
terns: SCM was innervated by one branch in 
17%, two in 25%, three in 27%, four in 23%, 
and five or more in 6% [21,27].

Branching patterns in the trapezius area 
were similar as well. Brî�nzeu and Sindou re-
ported that in the omotrapezoid triangle, in 
45% of the cases, there were no branches, and 
one, two, and three branches in 20%, 32%, and 
3%, respectively [21]. Innervation of the supra-
clavicular triangle by the trapezius was provid-
ed by Caliot and Bousquet with the same order: 
45% with no branches, 20% with one branch, 
32% with two, and 3% with three branches 
[27].

Kaiser et al. noted that in 84% of the spec-
imens, there were no more than two motor 
branches to the supraspinatus muscle, and 
in 48%, the infraspinatus had three or four 
branches equal in size [13]. Kierner et al. de-
picted one trapezius branch in 9% of the spec-
imens, two in 61%, and three in 30% [41]. 
Eastwood reported bifurcation of the SAN 
into a trapezius and SCM branch in 29.1% of 
the specimens [48]. Matthews et al. reported 
an anatomical variation with bifurcated SAN 
and communication with C2 [38]. Mirande and 
Smith reported SAN fusion with LON in 3.77% 
of sides [35].

Vaid et al. delineated three SAN pathways to 
the SCM: in 6 of 31 dissections (Type A), the 
nerve ran along the deep border of the SCM 
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but did not enter it; in 3 dissections (Type B), 
it entered and reemerged with branches; and 
in 22 cases (Type C), it coursed over the lateral 
surface of the muscle and then continued to the 
trapezius [16].

The SAN supplied two or three branches to 
the superior portion of the trapezius muscle 
before entering it.

A number of studies highlighted the foun-
dational contribution of the cervical plexus to 
SAN innervation. Dailiana et al. noted that SAN 
innervated SCM with a single branch in 7 dis-
sections and with 2–4 branches in 13 dissec-
tions [8]. The SAN also innervated two to three 
branches to the superior portion of the trape-
zius muscle prior to entering it. SAN to cervical 
plexus contacts were seen in all but one dissec-
tion. Most were deep to the SCM. In 13 cases, 
the SAN was adherent to one root (C2 in 9 cas-
es, C3 in 3, and C4 in 1), and in 6 cases, more 
than one root was adherent (C2 and C3).

Tubbs et al. found C2, with or without C3, in 
73%, C2 alone in 48%, C2 and C3 in 25%, and 
C3 alone in 4.5% [43]. Communicating branch-
es from C2, C3, and C4 were identified by Gavid 
et al. in the majority of dissections: 18/23 from 
C2, 11/23 from C3, and 12/23 from C4 [49]. 
Symmetry occurred in 13 of 23 dissections 
and a single communicating branch occurred 
in 8 cases. Nason et al. also described SAN to 
be connected by C3 and C4 branches [22]. Oh, 
Chang S et al. described the McKenzie branch 
between CN XI and C1, while Oh, Seok Chang et 
al., Orhan et al., and Ouaknine and Nathan de-
scribed four types of anastomoses between CN 
XI and the posterior root of C1 [50-53].

Segmental innervation of the trapezius 
was also more differentiated in Wang’s et al. 
research, in which the average number of 
branches in the various regions of the muscle 
was counted: 3.8 in the descending part (range 
0–5), 2.6 in the horizontal (range 1–4), and 
2.2 in the ascending (range 1–4), with another 
1.2 branches (range 0–3) originating pre-mus-
cularly [44]. Anehosur and Kulkarni have re-
ported that 71.4% of the nerves had trapezius 
branches [54]. Brî�nzeu and Sindou have deter-
mined equal omotrapezoid triangle variability 
in the branching schemes [21].

Anatomically, data also register a large range 
of sizes. Saylam et al. have typed all the connec-
tions between the posterior roots of the C2–C6 
nerves and the accessory nerve as being at the 
level of the C2 segment. These connections 
have been sub-classified into six types (A–F), 
and the most common was type B (29%). Type 
A was the cervical posterior root crossing and 
joining the accessory nerve (2%). Type B re-
vealed a rootlet joining the accessory nerve but 

without union with the spinal cord, with oth-
er rootlets of the same level joining the spinal 
cord; two specimens also had type C and E pat-
terns. Types C, D, and E were a bridging fiber 
between the posterior root and the accessory 
nerve: lateral and superior to the root in type C 
(8%), lateral and inferior in type D (not found), 
medial and superior in type E (8%). Type F, 
not hitherto described, was a medial bridging 
fiber inferior to the posterior root (2%). The 
relations were bilateral in four bodies and uni-
lateral in eight; three bilateral dissections were 
symmetrical and all type B, one of them having 
B on the right and B and E on the left [55].

The extracranial SAN length was by Duraz-
zo et al. found to measure between 7 and 18.5 
cm (mean 12.02 ± 2.32 cm) [56]. The posteri-
or SCM to trapezius segment was 1.5 to 9 cm 
(mean 5.27 ± 1.52 cm). Wang et al. stated that 
the linear trajectory in the trapezius muscle 
measured 16.89 cm (range 12.70–20.50 cm) 
and that an additional segment of about 4.3 cm 
(± 0.79) existed from SCN origin to muscle en-
try [44].

Vaid et al. provided precise measurements: 
from mastoid tip to SAN entry at SCM anteri-
or border was 5.18 ± 0.60 cm (range 3.93–6.68 
cm), from SAN exit at SCM posterior border to 
clavicle was 10.56 ± 1.52 cm (range 9.03–14.83 
cm), and from mandibular angle to SAN entry 
at anterior SCM was 4.30 ± 0.64 cm (range 
3.23–5.45 cm) [16].

Amuti et al. provided a direct proportion be-
tween SCM and SAN lengths, with the SAN in-
dex of 0.299 for the left and 0.324 for the right 
[39]. Kaiser et al. stated that SAN was, on aver-
age, 8.5 cm lateral to the spine [14]. Aramrat-
tana and Sittitrai stated the SAN entry into tra-
pezius to clavicle distance as 2.6–6.9 cm (mean 
4.5 cm) [10]. Caliot and Bousquet measured 
nerve entry into the muscle in the range of 3–5 
cm above the clavicle but reported values in the 
range of 1.5–11 cm as well [27]. Kierner et al. 
measured mean entry distance as 8.2 ± 1.01 cm 
above the clavicle [46]. Dailiana et al. measured 
SAN distance between SCM and trapezius as 6 
to 8 cm [8]. Pagedar and Hoffman determined 
a mean segment length of 2.5 cm (range 2.4–
2.6 cm) [25].

Haque et al. investigated the possibility of 
utilizing SAN as a nerve graft and reported 
a mean available length of 15.85 cm and cal-
culated graft requirements of 4.7, 5.9, 6.5, 7.1, 
and 7.8 cm to achieve C4, C5, C6, C7, and C8 lev-
els, respectively [11]. Ayeni and Ohata report-
ed that the cranial portion of CN XI contained 
4–13 rootlets [57]. Absolute diameters were as 
follows: CN IX, 0.5–1.2 mm (mean 0.9 mm); CN 
X, 0.2–1.5 mm (rootlets). 
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Further morphometric information was pre-
sented by Pruksakorn et al., who measured 
SAN proximity as a ratio relative to spinal land-
marks: 0.53 ± 0.07 to the C7 spinous process 
and 0.44 ± 0.08 to the T4 spinous process [58]. 
Jobe et al. placed SAN at 44% of the acromi-
on-to-spinous process distance [28]. Rhoton et 
al. measured the course of SAN from C1 to the 
jugular foramen as 17.0–26.0 mm [29].

Ending point
17 authors, namely: Mirande et al., Norkus 

et al., Aramrattana et al., Symes et al., Maldo-
nado et al., Mathialagan et al., Bertelli et al., 
Canella et al., Brinzeu et al., Mirjalili et al., 
Amuti et al., Anehosur et al., Caliot et al., Nason 
et al., Kowalska et al., Haque et al. and Tubbs 
et al., found the ending point of the spinal ac-
cessory nerve to be at the trapezius muscle 
[6,10-13,15,17,18,20-22,27,33-35,39].

5 authors, namely: Dailiana et al., Kazunari 
et al., Alibhai et al., Madani et al. and Matthews 
et al. found it to be both at the SCM and trape-
zius muscle [8,32,38,47,59].

4 authors, namely Rafferty et al., Lçvy, et al., 
Bejjani et al. and Pagedar et al. found it to be at 
the SCM [19,25,31,60].

Liu et al found it to be at the laryngeal mus-
cles [61].

Jobe et al. found it to be at the inferolateral 
border of the scapula [62].

Clinical importance
The spinal accessory nerve (SAN) crosses the 

greater auricular nerve at Erb’s point, passing 
over it before entering the posterior triangle 
[40] approximately 51.3 mm above the clavi-
cle [63]. The SAN primarily innervates the tra-
pezius muscle, with approximately 20% of its 
innervation arising from cervical nerves [64], 
and also provides motor function to the sterno-
cleidomastoid muscle [19],The nerve exits the 
posterior border of the SCM at an average of 
0.97 cm from Erb’s point [56]. Recognizing the 
importance of preserving trapezius function, 
modified radical neck dissection techniques 
have been developed to spare the cervical spi-
nal nerves supplying this muscle [5]. The SAN’s 
anatomical course places it at significant risk of 
injury, especially during procedures involving 
cervical lymph nodes. The SAN’s vulnerability, 
especially when embedded in lymphatic and 
adipose tissue, underscores the importance of 
surgical planning and anatomical knowledge 
for nerve preservation and reconstruction [8]. 
The SAN is especially exposed during biopsy, 
surgery, or neck dissection, in which damage 
to the nerve can lead to scapular winging [19] 
or “shoulder syndrome,” marked by shoulder 

pain, drooping, and restricted movement [16], 
or even phrenic nerve palsy [12]. The location 
of the SAN in the anterior neck during selective 
neck dissection (SND) and its measured dis-
tances to the mastoid, SCJ, and C7 spine [20] 
have surgical relevance. Understanding the an-
atomical information of the accessory nerve is 
crucial for protecting it during surgery, particu-
larly during lymph node dissections where the 
SAN lies close to lymph nodes and the internal 
jugular vein [60]. Notably, contrary to previ-
ous beliefs, the accessory nerve lacks a cranial 
root and consists solely of what was previous-
ly referred to as its spinal root [65]. The motor 
branches emerging from the spinal accessory 
nerve to the sternocleidomastoid muscle are 
vulnerable during posterior triangle surgery 
and skull base approaches, which may lead 
to a similar effect as damaging the SAN [19]. 
Anatomical landmarks are critical in order to 
reduce any iatrogenic injuries to the SAN: for 
example, the SAN is located at a mean of 1.90 
cm posterior and 0.79 cm superior to the angle 
of the mandible, and at specific distances from 
the mastoid tip and the bifurcation of the com-
mon carotid artery [66]. Nevertheless, the SAN 
remains difficult to locate and easily damaged, 
which is why multiple anatomical landmarks 
and intraoperative nerve block techniques are 
being developed to improve outcomes. One 
useful method for locating the SAN intraop-
eratively is based on pinprick hyperaesthesia, 
which successfully identified the nerve in 46 
out of 50 patients; failures were often due to 
insulation by surrounding fat tissue [68]. Oth-
er reliable intraoperative method includes: (1) 
unwrapping the fascia over the SCM’s anterior 
surface, (2) clearing the deep surface to reveal 
the superficial superior tendon (SST), (3) trac-
ing the tendon to locate the SBOA, and (4) bi-
secting the angle between SST and SBOA to find 
the SAN between fascial layers [48]. Addition-
ally, stroking the skin with a needle and mark-
ing areas of hyperaesthesia can help map the 
nerve’s course. Postoperative confirmation of 
SAN preservation should involve verifying its 
innervation to the SCM [9].

The SAN is frequently used in brachial plexus 
reconstruction and is affected by lesions typi-
cal in brachial plexus injuries [43]. Preserving 
the SAN is crucial to avoid complications such 
as accessory nerve palsy [59], transient pare-
sis [42], and shoulder dysfunction [16]. The 
SAN’s clinical relevance also extends to neu-
rogenic tumors, meningiomas, leptomeningeal 
disease, neurovascular compression, and glo-
mus tumors [68]. Schwannomas of the jugular 
foramen may lead to postoperative lower cra-
nial nerve deficits such as dysphonia (47.8%), 
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dysphagia (43.7%), sensorineural hearing loss, 
subcutaneous CSF accumulation (3%), and rhi-
norrhea [23] (1.5%). Connections of the SAN 
are implicated in spasmodic torticollis [51], 
where surgical treatments may include intra-
dural selective rhizotomy and targeting the 
McKenzie branch [50]. Anatomical variations 
of the SAN highlight the importance of nerve 
preservation during radical neck surgeries, bi-
opsies, and reconstruction procedures.

Other aspects
Some of the studies that we analyzed point-

ed out some interesting results associated with 
clinical and anatomical implications for SAN. 
Rao et al. [40] investigated an anatomical re-
lationship between the SAN and the greater 
auricular nerve – calling it the “X pointer”. In 
all the 100 cases – patients undergoing uni-
lateral comprehensive neck dissection, the “X 
pointer” was identified as a constant anatom-
ical relationship at the undersurface of ster-
nocleidomastoid muscle that is irrespective 
of the patient’s body habitus and nodal me-
tastasis. Taylor et al. [69] indicates morbidity 
associated with iatrogenic injury of the SAN, 
stating that it is crucial for surgeons operating 
in the neck to recognize SAN variants, in order 
to avoid it. Papers that we’ve researched had 
some limitations specific to their own meth-
ods. Raikos et al. [70] pointed that dissections 
and measurements between anatomical land-
marks were undertaken in formalin-fixed ca-
davers. Therefore, a slight difference can occur 
in comparison to measurements performed in 
fresh frozen or live tissue. Taylor et al. [69] in 
their research about intraoperative identifica-
tion of spinal accessory nerve (SAN) highlights 
the possibility of intraoperative collapse of in-
ternal jugular vein (IJV) that can lead to false 
identification of the nerve medial to the IJV. 
Tubbs et al. [43] while describing novel meth-
od of lengthening the accessory nerve, empha-
sizes on the fact that in patients with complex 
SAN-SCM relationships, the muscle might need 
to be partially or completely divided during 
a procedure.

Review of importance
After exiting the posterior border at the 

junction located in ⅓ total length of the ster-
nocleidomastiod, underneath the deep cervical 
fascia going on the levator scapulae across the 
posterior cervical triangle. In this particular lo-
cation spinal accessory nerve goes superficially 
increasing chance of being damaged while per-
forming neck surgeries. Spinal accessory nerve 
injury leads to a painful disability called “shoul-

der syndrome” [42]. Damage to the SAN is most 
often caused iatrogenically during lymph node 
biopsies in the posterior triangle of the neck, 
removal of a tumor, facelift in cosmetic surgery 
and vascular surgeries including carotid or in-
ternal jugular vein. The multitude of examples 
only confirms the benefits that can be gained 
from a thorough understanding of the anatomy 
of the accessory nerve. Surgeons should have 
extensive and up-to-date knowledge of the pos-
sible course of the accessory nerve and be able 
to locate it precisely during surgery. This will 
increase both the patient’s comfort and reduce 
the total cost of treatment and surgery, elimi-
nating the need for reconstruction and correc-
tive surgery. Damage to the accessory nerve 
is not only iatrogenic in origin, as it can occur 
during sudden movement or trauma that pen-
etrates the neck tissue and reaches the nerve 
or even form a tumor growing into the jugular 
foramen. Primary complaints associated with 
SAN injury are weakness and pain of the shoul-
der, which may radiate to the upper back, neck, 
and ipsilateral arm. The pain and decreased 
strength limit the range of motion of the shoul-
der supplied by the injured accessory nerve 
[71]. Treatment of accessory nerve injury de-
pends on the extent of the damage and should 
be performed within 3 months due to degen-
erative processes that will occur without inter-
vention. The nerve is surgically divided and the 
injured part is excised. Lastly end-to-end mi-
crosurgical anastomosis is performed. Howev-
er, sometimes the nerve is too badly damaged, 
or too large a section is missing. In such cases, 
a graft is required. Usually, a greater auricular 
nerve is taken due to its similar quality and cal-
iber. A small proportion of patients will also be 
amenable to conservative non-surgical treat-
ment, which will produce the desired results in 
terms of pain relief and restoration of normal 
innervation. However, this must be monitored 
in clinical examinations, because if it is not ef-
fective, surgical methods must be used instead 
[72].

Conclusions
A thorough knowledge of the anatomy of 

the accessory may increase the effectiveness 
of procedures and minimise the risks associ-
ated with them providing more years spent in 
good health for patients and less costs for hos-
pitals. Further studies in a matter of accessory 
nerve should be focused on its possible varia-
tions and clinical implicances of it as a part of 
evidence based medicine. Knowledge of not 
only the anatomy of the neck but also gener-
al human anatomy is crucial for achieving the 
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best results in the field of surgery [73-76]. Our 
knowledge of neck anatomy, particularly that 
of the accessory nerve, is enhanced by cadaver 
studies, which form the basis for research into 
anatomical variability [77]. Some scientists have 
begun research into developing new methods of 
presenting human anatomy, which may lead to 
advances in basic science and clinical benefits in 
surgery and beyond in the future [78,79].
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