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ABSTRACT 

 
The spinal accessory nerve (SAN) is frequently encountered during neck surgery, resulting in the 

“shoulder syndrome”. The modified neck dissection (MND) with preservation of the SAN minimizes the 
functional deformity associated with section of the eleventh nerve. The cross-sectional demonstration analysis 
was created through the medical records retrospectively of 165 consecutive patients with attention to 
ultrasound and MRI preoperative findings, type of neck dissection, type of identification and dissection of 
spinal accessory nerve and postoperative morbidity and survival rate. For exact preoperative planning 
ultrasound and MRI are superior for determining the positioning of the eleventh nerve. The mean distance 
between the greater auricular point and the SAN was 0.90cm. Average length of the trunk from Erb’s point 
until the penetration in the trapezius muscle was around 5.1cm, ranging from 4.8 to 5.4cm. The diversity in the 
course from the posterior border of the sternocleidomastoid muscle and posterior neck triangle were 
confirmed in 15%. The frequency of postoperative morbidity of SAN was 46.7% for radical neck dissections, 
28.3% for selective neck dissections and 8.3% for MND. MND has similar regional control rates to more 
comprehensive operations in appropriately selected patients and significantly reduces the risk of functional 
disability.   
Keywords: posterior neck triangle, spinal accessory nerve, ultrasound, neck metastases, modified neck 
dissection 
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INTRODUCTION 
 
Identification of spinal accessory nerve even in the correct anatomical position is not always easy 

during different types of neck dissections. The surgical anatomy of the spinal accessory nerve has been 
properly acknowledged in the literature [1-4] with evidence of significant variations. The eleventh cranial 
nerve topography consists of two parts, cranial part and the main cervical part. The nerve descends in the neck 
through jugular foramen and near the jugular vein exits in the posterior neck triangle and supplies the 
sternocleidomastoid and trapezius muscles. These muscles have the functions of: elevation of the shoulder by 
the trapezius, rotation and tilting of the head toward and away from the side of the contracting 
sternocleidomastoid muscle and flexion of the neck by both sternocleidomastoid muscles.  This cervical part is 
associated by motor or sensory contributions from the upper cervical nerves. These functions are decreased or 
absent by weakness or paralysis. When the lesion is nuclear or infranuclear, there is associated muscle atrophy 
and fasciculations [5-7].  

 
On the other hand neck dissection is a principal technique for the diagnosis (staging) and the 

treatment of cervical lymph node metastasis in patients with head and neck cancer. In modified neck 
dissections when indications are raised, a very important part is preservation of the spinal accessory nerve, 
together with internal jugular vein and sternocleidomastoid muscle [8-10]. The pain and dysfunction 
associated with a loss of innervation on spinal accessory nerve has motivated surgeons to modify the classic 
neck dissection. The modified neck dissection with preservation of the spinal accessory nerve is based on 
desire to minimize the functional deformity associated with section of that nerve, combined with the 
recognition that in many situations the nerve intimately involved in the neck disease and its preservation does 
not compromise the oncological effectiveness of the more limited procedure [4, 11-14].  

 
Since the introduction of functional neck dissection, various modifications have been made to reduce 

the adverse effects of radical neck dissection and have contributed to improve the quality of life and to 
prevent permanent 

 
sequelae and  medico-legal actions following neck dissection

 
[4]. Proficient knowledge of 

posterior neck anatomy is crucial to avoid its accidental injury during selective or modified neck dissection in 
almost any extensive surgery of the posterior neck. Reasonable speed and safety in identifying and preserving 
important

 
anatomical structures are of fundamental importance  and for this type of neck dissection, special 

attention must be paid to refined identification of  the spinal accessory nerve. 
 

MATERIAL AND METHODS 
 

Surgical study of operative alteration of the spinal accessory nerve, and trapezius muscle function of 
patients who underwent distinctive neck surgery was performed. This study was done not only to document 
the indispensability of the trapezius muscle to shoulder-strap stability, but also to clarify the role of the 
eleventh cranial nerve preservation.  The cross-sectional demonstration analysis was created on own clinical 
material from the University Clinic for Maxillofacial Surgery in Skopje, where in the last five year period, neck 
dissections were performed in 165 patients, from whom 59 were treated with radical neck dissection, 20 with 
modified neck dissection and in 83  cases  with adequate type of selective neck  dissection. Neck dissection 
with a curative intent was done in 80 patients with squamous cell carcinoma of the upper aerodigestive tract 
(naso- and oro-pharynx), in 26 patients with skin squamous cell carcinoma, 17 with salivary gland carcinoma, 
11 with malignant melanoma and 31 with hidden primary. (Tab.1, Tab. 2)  
 

Table 1: Type of neck dissection 
 

Type of Neck Dissections   2007 2008 2009 2010 2011 Total 

 
Classical Radical Neck Dissection             12 11 18 11   7  59 
Modified Neck Dissection               2   2   3 5   8  20 
Selective Neck Dissection              11  7 18 12  21  69 
Billateral: Radical + Selective ND                   2           3            5          4            4          18 
___________________________________________________________________________ 
 Total                              27 23  44  32   40 165 
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Table 2: Distribution of patients according to primary site disease 
 
Timing of neck dissection  Primary site  Number of patients  

 
 
Primary treatment  
 
 
 
 
Secondary treatment 

Oropharynx  (lower lip, tongue, 
sublingual, jaws, 

 69 

pharynx)    
Nasopharynx  11  
Skin cancer 
Hidden primary 
 

26 
31  

Salivary carcinoma  17  
Malignant melanoma 
Total  

11 
165  

 
We have evaluated entirely records for this study in 20 patients with modified neck dissection and 40 

patients with selective  neck dissections, comparing preoperative diagnostic work-up, intraoperative findings 
and relationship of the dissected and preserved eleventh nerve with tumor mases and postoperative 
complications. T1-weighted high-resolution isotropic volume examination for the preoperative assessment of 
head and neck cancer, by comparison with spin-echo, T1-weighted sequences and the pathology specimen. 
Bland-Altman plots were used to assess measurement agreement. 

 
In the selected cases, the intraoperative mapping study was done to obtain the exact anatomical data 

by drawing the exposed accessory nerve in life size during the modified neck dissection. Measurements were 
made at the end of the procedure by using a caliper. After the completeness of lymph node and metastases 
removal from the posterior neck triangle, evaluation was performed over extensive exposure of the spinal 
accessory nerve. Towards the end of the dissection, the correct location of the nerve

 
was corroborated by 

enlarging the exposure to confirm the
 
position and integrity of the preserved nerve.   

 
The dissections and clinical observations corroborate that the trapezius is a key part of a "muscle 

continuum" that stabilizes the shoulder. Clinical and electrophysiological evaluations of the trapezius and 
sternocleidomastoid muscles and neurologic evaluations were performed in 3 to 6 months postoperatively. 
 

RESULTS 
 

Intraoperatively we found significant variances in the positioning of the spinal accessory nerve. 
Particular attention was created about identification of spinal accessory nerve positioning and relationship 
with the internal jugular vein. Our findings confirmed that the spinal accessory nerve almost always crosses 
the internal jugular vein anteriorly in the upper neck, with exclusion in 4 cases (6.7%) with posterior crossing at 
the level of posterior belly of the digastric muscle and one case with rare anomaly  where accessory nerve 
passing through the fenestrated internal jugular vein was observed. In 20 cases we have measured the 
distance from jugular foramen (skull base) to crossing of internal jugular vein with mean value of  2.34 cm.  
(Fig.1) 
 

The diversity in the course from the posterior border of the sternocleidomastoid muscle and posterior 
neck triangle were confirmed in 9 cases (15%), predominantly at the level of entering the posterior neck 
triangle. Hypoplastic nerve was apparent in 8.3% (5 cases), generally after removal of neck masses with greater 
proportions.  Hiperplastic nerve was evident in only 3.3% (2 cases).  In almost every case we found that spinal 
accessory nerve was with typical coiled appearance in its course through the posterior cervical triangle of the 
neck . (Fig. 2) 
 

The mean distance between the greater auricular point and the spinal accessory nerve was 0.90 cm. 
Average length of the trunk from Erb’s point until the penetration in the trapezius muscle was around 5.1 cm, 
ranging from 4.8 to 5.4 cm. The most significant elongation was found in cases after meticolous preparation of 
spinal accessory nerve – usually after complete removal of neck metastases at level III - V. There were 4-8 
lymph nodes in the spinal accessory nerve chain (Fig. 3). 
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Fig-1 
 

 
 

Fig-2 
 

 
 

 

Measurements of abduction and the electromyographic measurements ( monopolar needle 
electrode) of the study group in 3 to 6 months postoperatively were found to be superior to those of the 
control group, although the difference between the groups was not significant. Damage to motor unit 
averagely recorded at ranges between 320-540 mV.  The mean number of dissected lymph nodes was 
significantly higher in the study group than in the control group. The frequency of postoperative morbidity of  
the spinal accessory nerve was the  highest in radical neck dissections (46.7%) in 28 cases. There was a reduced 
dysfunction in 17 cases with selective neck dissection (28.3%) comparing to preoperative values, while 
shoulder drop and scapular winging was confirmed in only 5 cases (8.3%) of modified neck dissection. The 
most significant was correlation after rafical neck dissection and modified neck dissection including levels IIb 
and V.  (Fig. 4) 
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Fig-3 
 

 
 

Patients who underwent supraomohyoid selective neck dissection that involved minimal dissection of 
the spinal accessory nerve had minimal loss of shoulder function and usually, normal electromyograms in 16 
weeks that documented less injury to the spinal accessory nerve. Again, these patients had improvement with 
the time. 

 
Fig-4 

 

 
 

DISCUSSION 
 
The main therapeutic dilemma for the therapy of metastatic carcinoma from the head and neck 

malignancy remains a choice of the type of neck dissection.  The probability of metastases to the neck from 
various sites in the upper aerodigestive tract has been outlined [10, 15], so there are data from (the basis of) 
much of the literature on the technique and indications for functional modifications of the classical radical 
neck dissection. Conley and Schuller [10], confirmed a large percentage of metastases (42%) in close proximity 
to the spinal accessory nerve where it comes to lie near the internal jugular vein. Ballantyne, Shah and Bocca’s 
group [10] gave strong support to MRND emphasizing that in many situations SAN is not intimately involved in 
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the neck disease and its preservation does not comprise the oncologic effectiveness of the more limited 
procedure. These and other investigations have designated to the introduction of modified neck dissections. 

 
Beneficial surgical intervention in case of posterior neck metastases depends on suitable exposure 

and preservation of spinal accessory nerve. This induces a consistent understanding of the anatomy of the 
posterior neck triangle for doing surgery safely, including the sufficient knowledge of extra cranial anatomy of 
spinal accessory nerve variations [11, 16-18]. 
 

Patten and Hillei [19] indicate that adhesive capsulitis is a principal component of the eleventh 
nerve syndrome that can significantly compound the morbidity of a neck dissection even when 
the accessory nerve recovers. 

 
Our findings support results in previous literature  that the spinal accessory nerve is located anterior 

to the internal jugular vein in the majority of the cases, however, it is imperative for the surgeon to be mindful 
to the anatomic variability and possible posterior crossing of the internal jugular vein by the spinal accessory 
nerve in the neck to avoid injury to the internal jugular vein during the dissection of the nerve. Since the great 
auricular nerve (Erb's point) represents a constantly identifiable landmark, it allows simple and reliable 
identification of the course of the spinal accessory nerve. Across the posterior triangle the nerve was running 
superficially with either straight (78%)  or coiled (22%) pathway. The accessory nerve and the phrenic nerve 
were similar in the anatomic evidences and the number of motor nerve fibers. On ultrasound evaluation the 
accessory nerve exited the posterior border of sternocleidomastoid at a mean of 6.5 (5.0-8.5) cm below the 
mastoid process and penetrated the anterior border of trapezius 5.5 (3.0-7.0) cm above the clavicle with mean 
caliber of 0.75 ± 0.10 mm.  

 
The most common complication of neck dissection is shoulder pain and dysfunction due to 

manipulation of spinal accessory nerve, resulting in trapezius muscle atrophy mainly in procedures involving 
the posterior neck triangle [18]. 
 

Lee and al. [20] show that twenty-two of 25 (88%) patients had shoulder pain, but the average pain 
score was low (2.3± 1.3).  
 

Kuntz and Weymuller [21] reported that modified radical neck dissection group of patients reported 
greater shoulder disability in 6 months compared with the selective neck dissections group, but for 12 months, 
there was no difference between the two groups of patients.  
 

Giordano and al. [22] analyzed shoulder function after selective and superselective neck dissections, 
and the subjective test show no significant differences between the two groups even if, when sublevel IIB is 
spared.  
 

The findings of Cheng and al. [23] in their prospective study with subjective evaluation of shoulder 
pain and objective evaluation of shoulder muscle strength suggested that patients who underwent selective 
neck dissection had the least damage to spinal accessory nerve function and the least shoulder disability 
after neck dissection.  
 

Capiello and al. [24] compare the results of clinical and electrophysiological investigations of shoulder 
function in patients affected by head and neck carcinoma, and a high number of abnormalities was found on 
electrophysiological testing, only a limited number of patients, mostly in group B (received a selective neck 
dissection involving clearance of levels II-V), displayed shoulder function disability affecting daily activities. 
 

In a study by Remmler and al. [25] results indicate that modified nerve sparing dissections are 
followed on the average by a significant, but temporary and reversible phase of shoulder disfunction. By 
comparison, radical neck dissection is followed by profound and permanent trapezius muscle weakness and 
denervation [25]. 
 

Birinci and al. [26] showed a prospective, double-blind clinical trial where the shoulder function 
deterioration was statistically significantly less for patients with insignificant intraoperative neuromonitoring 
changes than patients with significant intraoperative neuromonitoring changes (P < 0.05).   
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Chepeha and al. [27] concluded that the patients  receiving modified radical neck dissection had 
significantly worse shoulder function than patients with selective neck dissection (p = 0.0007).  
 

van Wilgen and al. [28] reported that after modified radical neck dissection 33.3% of the patients 
experienced shoulder complaints, after postero-lateral neck dissection 66.7%, and after supraomohyoid neck 
dissection 20% of the patients experienced shoulder complaints. Wilgen and al. [28] indicate that type of neck 
dissection was significantly (P < 0.001) related to shoulder complaints. 
 

Selcuk and al. [29]
 

showed that patients who underwent anterolateral neck dissection, the 
goniometric results were better than in the functional neck dissection group. 
 

Our study indicates that there may be a functional disability associated with any type of neck 
dissection in which the spinal accessory is dissected out and placed in some degree of traction. Significantly 
lower risk of functional disability in the modified neck dissections and confirmation that the modified neck 
dissection is as effective as the radical neck dissection for controlling neck disease, extend the indications for 
modified or selective neck dissections as more logical approach to surgical treatment of cervical neck disease. 
If there is no functional advantage, all other arguments for modified neck dissections become inappropriate.  

 
The results of this study show that, on the average, neck dissection patients with their spinal 

accessory nerve preserved have less pain in their shoulders, less functional disability, and stronger results on 
their physical examination than  those with their spinal accessory nerve sacrificed without any difference in 
their local control and survival rate. This is of pronounced importance because any inadvertent injury of the 
spinal accessory nerve during surgical procedures is a cause of significant morbidity with medicolegal 
repercussions. The findings in this work are consistent to some of previous reported studies regarding the 
spinal accessory nerve preservation [1, 3, 9]. This study has the advantage that it originated from existing 
operative findings rather than cadaver dissections and, as a result, incorporated functional information and 
the postoperative significance of damage to some of the muscle functions.   
 

CONCLUSIONS 
 

We can validate that the spinal accessory nerve injury is potentially preventable in most cases of neck 
surgery. Surface anatomical landmarks are not always reliable guide to the position and course of the nerve in 
the posterior triangle. Within modified neck dissections, identification of spinal accessory nerve over 
established landmarks is unconditionally reliant on the exact preoperative mapping of the nerve with imaging 
diagnostics but the sophisticated further eleventh  nerve dissection and preservation  depends on the inclusive 
surgical knowledge. Modified neck dissection has similar regional control rates to more comprehensive 
operations in appropriately selected patients and significantly reduces the risk of functional disability.   
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