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Abstract

Shoulder dysfunction is one of the most common complications seen in patients who have undergone neck dissection
surgery. The prevalence of shoulder dysfunction increases depending on the type and extent of neck dissection surgery.
We aim to study the relationship between changes in intraoperative neuromonitoring (IONM) threshold during SAN
stimulation, ultrasonographic measurement of muscle size and shear wave elastography with shoulder dysfunction. This
is a prospective study. All patients who have undergone neck dissection in our centre have been recruited. Analysis of
demographic data, IONM threshold during exposure and pre-closure, shoulder function score, neck disability index score
(NDII) and ultrasonographic parameters pre-op and during follow up was done. The cohort was divided into patients who
suffered from shoulder dysfunction post op (Group A) and patients with normal shoulder function post op (Group B).
Statistical significance were seen in IONM threshold during SAN stimulation and Constant shoulder score for 6 months
follow up in Group A. IONM threshold difference during exposure and pre-closure could effectively prognosticate shoul-
der dysfunction post op. A return of shoulder function could be seen in patients who suffered from shoulder dysfunction
if early physiotherapy could be commenced.

Keywords Neck dissection - Spinal accessory nerve - Shoulder dysfunction

Introduction

Neck dissection is a common therapeutic procedure in head
and neck surgery. As with other procedures, it is not with-
out potential complications. Shoulder dysfunction post neck
dissection has been a complication that has been consis-
tently overlooked in favour of other more life-threatening
complications such as hematoma, chyle leak and other cra-
nial nerves palsies.

Shoulder dysfunction postoperatively significantly affects
a patient’s morbidity and quality of life as simple tasks
such as hair combing require intact shoulder movement. A
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systematic review has found that prevalence rate of shoul-
der pain in selective neck dissection to be ranging from 9 to
25% while reduction in shoulder range of motion was found
in 5-20% of the cases depending on surgery type [1]. The
incidences of shoulder dysfunction in non-selective neck
dissection was found to be even higher up to 70% [2]. This
prevalent complication can easily be detected by history
taking and simple shoulder examination after the surgery.
Early detection can lead to early physiotherapy referral that
will decrease duration of morbidity and improve functional
outcome.

The gold standard for prevention of shoulder dysfunc-
tion post neck dissection is accurate identification of spi-
nal accessory nerve (SAN) via direct visualization during
the surgery. Knowledge on detailed anatomy and variable
course of the nerve is crucial for any surgeon performing
neck dissection. In addition, adjuncts such as nerve monitor
can be employed to aid identification however its useful-
ness could not be ascertain due to limited studies and small
sample size [3—-5]. Despite nerve preservation, it is prob-
able that nerve injury can occur via stretching, retraction
and devascularization.
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Our study implores the probability of changes in intra-
operative spinal accessory nerve monitoring during neck
dissection as a predictor for severity of shoulder dysfunc-
tion. The objective of this prospective study is to explore
the relationship between changes in intraoperative neuro-
monitoring (IONM) threshold and amplitude with shoul-
der disability post neck dissection. Shoulder dysfunction is
measured subjectively and objectively using the Constant
Shoulder Score and Neck Dissection Impairment Index
questionnaires. In addition, we aim to study the outcome of
neck dissection regarding shoulder function and its correla-
tion with objective radiological measurements of trapezius
and sternocleidomastoid (SCM) muscles using ultrasound
(US) and shear wave elastography (SWE).

Methodology

This is a prospective study done in a tertiary head and neck
center in Malaysia from August 2020 to February 2022. All
patients who underwent neck dissection involving level IIb
and/or V were recruited. Exclusion criteria includes patients
who have preexisting myelopathy or neuropathy of upper
limb, history of radiotherapy to the neck, previous history
of surgery or trauma to shoulder and patients with any post-
operative complications such as hematoma, wound break-
down, or infection.

All neck dissections are performed by two head and neck
surgeons. During neck dissection, the SAN is identified
and stimulated 1 cm proximal to its entrance into the SCM
muscle, using NIM-Neuro 3.0 stimulator (Medtronic Sur-
gical Tech, Jacksonville, Florida, USA). Stimulation was
repeated 2 times with 3 milliampere (mA) stimuli, and the
amplitudes of the electromyography (EMG) waves obtained
from the trapezius muscle were recorded in millivolts (mV).
The mean of these 3 amplitude values was calculated and
recorded. The stimulus intensity was increased at 0.1 mA
intervals starting from OmV until a significant waveform
was obtained in the trapezius muscle, then the stimulus
amplitude was decreased gradually at 0.1 mA intervals to
determine the minimum stimulus intensity producing a vis-
ible EMG amplitude. The mean of 3 values was also cal-
culated to determine the minimum intensity threshold. At
the end of neck dissection, the amplitude and threshold val-
ues were again determined using the same methods. Spinal
accessory nerve retraction has been handled gently with a
retractor and vessel loop.

Outcome measures are done using 2 validated question-
naires: the Constant Shoulder Score and Neck Dissection
Impairment Index [6, 7]. These are done by a single phys-
iotherapist throughout the study. Additionally, the antero-
posterior (AP) diameter and length of SCM and trapezius
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muscle are measured using US and SWE by a single radiol-
ogy trainee during follow-up.

Patients undergoing neck dissection are evaluated one
day prior to surgery and subsequently all outcome measures
are done postoperative at 72 h, 1 month and 6 months.

The Pearson chi-squared test was used to compare cat-
egorical data while the student’s t-test was used to analyze
continuous variables. Statistical analysis was done using
SPSS software v23.0 (SPSS Inc, Chicago, IL, USA) and
statistically significant differences were defined as p> 0.05.

Results

Seventeen patients undergone neck dissection from August
2020 to February 2022. All patients undergone selec-
tive neck dissection procedure. Two patients were lost to
follow-up and one patient passed away due to progression
of disease. Fourteen patients completed the follow up and
were included as the subjects of the analysis. Nine (64.3%)
were male and 5 (35.7%) were female. The mean age is
554+19.25 years old (range: 27-81-year-old). Demo-
graphic data, diagnosis, operation and neuromonitoring
threshold readings upon encounter of SAN and pre-closure
were presented in Table 1.

A loss of shoulder function assessed by the Constant
score pre-op and post-op 72 h were taken as presence of
shoulder dysfunction. Ten (71.4%) patients had a deteriora-
tion of interpreted Constant score post-op (Group A) while 4
(28.6%) had no shoulder dysfunction (Group B).

Intraoperative neuromonitoring findings, shoulder func-
tion assessment by Constant score and neck disability index
score during follow-up for these 2 groups of patients were
shown in Table 2. Statistical significance difference was
noted during comparison of mean neuromonitoring thresh-
old pre-closure at 1 mA and mean Constant score for 6
months follow-up. It was found that patients with shoul-
der dysfunction postoperatively (Group A) have differ-
ence in pre-closure threshold at 1 mA and Constant score
at 6 months as compared to Constant score 72 h postop.
Comparison between Constant Shoulder Score and NDII
between groups during pre-operation and follow up were
shown in Figs. 1 and 2. Ultrasonographic findings have not
shown any statistically significant findings between either
group of patients (Table 3; Figs. 3 and 4).

Discussion
Shoulder dysfunction has been known to be one of the most

common complications following neck dissection. Previ-
ous literature has loosely defined shoulder dysfunction as
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Table 1 Demographic data and intra-operative neuromonitoring findings

Patients Age Gender Diagnosis Operation Neuromonitoring Neuromonitor-
no. upon encounter  ing reading pre
of SAN closure
Mean Lowest Mean Lowest
at ampli-  at ampli-
1 mA, tude, 1 mA, tude,
mV mA mV mA
1 56 Female T-cell lymphoma Tonsillectomy and Left Neck Dissection 158.0 0.5 15543 0.5
(ND) Level I1, III, V
2 73  Male  Advanced Papillary Thyroid Left Hemithryoidectomy and Left ND Level 119.0 0.2 112.0 0.3
Carcinoma 11, 111, TV
3 71  Male  Transglottic Squamous Cell Total Laryngectomy and Right ND Level II, 734.0 0.1 1163.7 0.3
Carcinoma (SCC) T4aNOMO 1L IV, V
4 71  Male  Right Papillary Thyroid Carci-  Total Thyroidectomy Right ND Level IL, III, 621.3 0.2 121.0 0.5
noma, pT4b N1b Mx 1V, VI
5 77  Female Carcinoma ex Pleomorphic Right ND Level I, I, I1I, Left Modified Radi- 290.0 0.5 1025.7 0.5
Adenoma Minor Salivary cal Neck Dissection (MRND) Type III and
Gland, with extra nodal Left parotidectomy
extension
6 29 Male  Right tongue carcinoma Right Wide Local Excision (WLE) and Right 489.0 0.3 6433 03
ND Level I, 11, III
7 42 Male  Carcinoma ex Pleomorphic Completion parotidectomy and Left ND 268.7 0.1 0.0 4.0
Adenoma of Left Parotid Level 11, 111, IV
8 48  Female Adenoid Cystic Carcinoma of  Excision of sublingual gland and Left ND 139.0 0.7 1457 1.5
Left Sublingual Gland Level L, 11, 11L, IV
9 74  Male  Left submandibular SCC pT3 Left Submandibular Gland and Left Type I 2343 0.2 2663 0.2
N2b MO ND
10 39 Male  Right Cervical Lymphade- Multiple level Ila, IIb, III, IV and V lymph 1813.0 0.1 15043 2.0
nopathy Granulomatous Lesion nodes
consistent with Sarcoidosis
11 32 Male  Tongue SCC pT2N3bM0 Left hemiglossectomy + Left ND Level I, I, 390.3 0.5 510.0 1.0
11T
12 56  Female Right Tongue SCC T2N1IMO 109.3 0.3 4283 1.0
13 27 Male  Papillary Thyroid Carcinoma Total Thyroidectomy + Right ND Level 11, 2257 3 3273 5.0
IIL, 1V, VI
14 81  Female Metastatic Papillary Thyroid Left ND Level 11, 111, IV, VI 1783 0.8 2577 1.0
Carcinoma
Table 2 Intraoperative neuromonitoring findings, neck disability and shoulder function score during pre-op and follow up
Group A (n=10) Group B (n=4) P-value
Mean Neuromonitoring threshold upon encounter of SAN at 1 mA, mV 438.03+£519.22 347.40+215.83 0.355
Mean lowest amplitude upon encounter of SAN, mA 0.64+0.86 0.27+0.17 0.280
Mean Neuromonitoring threshold pre closure at 1 mA, mV 700.03 +565.35 264.83+243.34 0.034"
Mean lowest amplitude pre closure, mA 1.15+1.47 1.62+1.60 0.762
Mean difference of Threshold, mV 262.00+486.02 -82.57+370.27 0.750
Mean difference of Amplitude, mA -0.08+1.24 1.10+1.89 0.268
Mean Constant score
Pre op 76.98+6.91 90.85+9.47 0.200
72 h post op 64.26+6.26 88.55+9.97 0.087
1 month 74.77+5.94 89.70+9.76 0.075
6 months 77.48 +£5.23 90.65+9.72 0.024"
Mean NDII
Pre op 96.80+5.45 92.90+11.11 0.116
72 h post op 88.10+8.25 85.62+17.73 0.092
1 month 88.40+8.15 88.90+13.49 0.350
6 months 91.40+7.54 91.90+10.49 0.518
*p<0.05
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Fig.2 Comparison of NDII between groups

Table 3 Ultrasonographic and shear wave measurements of trapezius
and SCM muscles during follow up

Group A Group B P-value
(n=10) (n=4)
Mid Trapezius Pre-op 0.754+0.21 0.882+0.21 0.831
AP Diameter,
cm
I month 0.571+0.219 0.662+0.077 0.191
6 months  0.553+0.192 0.553+0.699 0.117
SCM AP Pre-op 0.926+0.149 1.055+0.289 0.173
Diameter, cm
I month 1.185+0.376 1.186+0.438 0.830
6 months 1.111+0.244 1.056+0.227 0.898
Mid Trapezius Pre-op 2.748+0.404 3.082+0.469 0.680
SWE, m/s
I month 2.725+0.497 2.600+1.452 0.062
6 months 2.819+0.405 2.561+0.575 0.164
SCM SWE, Pre-op 2.473+0.399 2.322+0.196 0.401
m/s
I month 2.697+0.562 2.247+0.891 0.414
6 months 2.779+0.331 2.640+0.425 0.341

presence of shoulder droop, presence of shoulder pain,
reductions in shoulder active abduction range, reduction in
active flexion range or weak shoulder shrug [1, 8]. The pres-
ence of neck dysfunction was assessed by presence of neck
pain, reduced neck range of motion and limitation of neck
rotation. In our study, we have decided to use the Constant
score to assess the shoulder function of the patients more
objectively. The score encompasses level of shoulder pain,
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activities of daily living, range of movement and power. The
NDII was used to assess neck function and pain. We believe
that our study is one of the first to employ these question-
naires for shoulder and neck assessments for patients who
have undergone neck dissection.

In our cohort, 10 out of the 14 patients have experienced
deterioration of shoulder function after neck dissection sur-
gery. All these patients had undergone selective neck dissec-
tion. Studies have shown that shoulder syndrome was less
in SAN sparing neck dissection as compared to radical or
modified radical neck dissection surgery [1, 9]. However,
most of our patients had experienced deterioration of shoul-
der function post SAN sparing surgery. This is in line with
other studies which reported the prevalence of shoulder
dysfunction post selective neck dissection ranges between
13 and 56% [9-11]. Some authors have attributed presence
of shoulder syndrome in SAN sparing surgery was likely
due to transection of SAN or strong traction during surgery
[8]. The risk of shoulder dysfunction must be carefully
explained to patients undergoing neck dissection procedures
due to its high prevalence and incidence rate.

Neuromonitoring of the SAN has been shown to be effec-
tive, safe and useful in its identification during neck dissec-
tion [3, 12, 13]. Further study of neuromonitoring threshold
and amplitude has been done in hope to be able to prognos-
ticate shoulder function in the early post op period. In our
study, there is a statistically significant difference between
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mean pre-closure neuromonitoring threshold between these
2 groups of patients. Recent study by Birinci et al. has
showed that shoulder dysfunction do happen in SAN pre-
serving surgery and changes on neuromonitoring findings
have a positive predictive value in prognosticating post op
shoulder dysfunction [14]. However, the quantitative figure
which signifies significant changes between pre op and pre
closure neuromonitoring threshold could not be established.
In contrast, Witt et al. reported no significant electrophysi-
ologic shift in his cohort of patients who undergone selec-
tive neck dissection surgery [8, 15].

We have found that there is no correlation between radio-
logical findings of mid trapezius AP diameter and diameter
of SCM with shoulder function. Mid trapezius AP diameter
was found to reduce consistently during follow up while
SCM diameter has increase during the 1st month follow
up. However, these findings do not correlate with shoulder
functions during follow up. We postulate that this could be
due to the minute changes of diameter which does not sig-
nify significant atrophy. Furthermore, physiotherapy was
started immediately in our cohort once shoulder dysfunc-
tion has been diagnosed. This findings are in contrast with
other study which shown shoulder sonography to be useful
in determining shoulder muscles atrophy [16]. SWE utilizes
the shear wave speed to visualize tissue displacements and
provide information on tissue biomechanics [17]. In our
study, changes of the SWE were insignificant. We think that
the SWE could not pick up changes despite the presence of
shoulder dysfunction in Group A most likely due to the early
post op period and the relatively intact shoulder anatomy.
SWE is effective in study of elastic modulus and detecting
stiffness however this technology is still in its infancy [18,
19]. A longer follow up would provide more information on
whether SWE could effectively detect shoulder dysfunction.
However, we could conclude that this technology could not
detect changes in shoulder function primarily caused by
SAN injury.

All our patients who suffered from shoulder dysfunc-
tion post op undergone early rehabilitation program. There
is statistically significant difference for shoulder function
between these 2 groups of patients for 6 months follow up.
Fordham et al. reported a specialized rehabilitation program
for patients who undergone neck dissection [20]. All patients
showed improvement of shoulder function clinically and
objectively using scoring systems used in this study at the
end of the study.

The limitation of this study includes small patient size
and short follow up duration. A longer follow up duration
could potentially detect changes of muscle size and evalu-
ate the effectiveness of early physiotherapy intervention and
rehabilitative program.

Conclusion

A significant changes of SAN neuromonitoring thresh-
old pre-op and pre-closure could be used to prognosticate
shoulder dysfunction post op. There is significant difference
of shoulder function at 6 months post op between patients
who suffered from shoulder dysfunction detected 72 h post
op and patients without shoulder dysfunction in the early
post op period.
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