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An established side-effect of neck dissection (ND) for head and neck (HNC) tumour management includes shoulder dysfunction (SD), which can
impact quality of life (QOL). Shoulder strength and range of movement (ROM) are key parameters to be monitored in SD. However, such evaluations
are not routinely conducted in the clinical setting. The aim of this study was to evaluate objectively the impact of ND on shoulder functions.

Methods: This is a pilot exploratory study in a tertiary cancer centre. Five participants with unilateral ND and advanced HNC, completed the
study. Outcome measures consisted of self-reported QOL questionnaires, C2-T1 dermatomes and shoulder ROM and strength testing. Data was
collected at baseline, 1.5-months after surgery and 6-months after diagnosis (after adjuvant treatment completion).

Results: Most outcome measures on the surgically affected side were negatively impacted post-operatively, with varied recovery seen at follow-
up. Sensory loss was noted at C3—4 dermatome levels. Shoulder ROM and strength was reduced on the surficial side for all participants, with some

recovery after six months except for two participants.

Conclusion: Results of SD after ND are diverse and unique to each patient. Findings from this pilot study indicate that regular rehabilitation/
exercise may facilitate recovery of shoulder function post HNC surgery. However, customised rehabilitation may yield better outcomes. Future
studies with a larger sample are indicated to validate the findings of this study.

Introduction

Treatment for advanced head and neck cancers (HNCs) is
usually multimodal comprising of surgery followed by either
adjuvant radiation or chemo-radiation therapy (RT/CRT)
[1]. Neck dissection (ND) is an effective surgical procedure
performed for the removal of cervical metastasis in HNC
treatment. One of the common side-effects of ND is some
degree of shoulder dysfunction (SD)[2-5]. This can lead to

https://doi.org/10.29328/journal.jnpr.1001045

a reduction in quality of life (QOL) in HNC patients after ND
[2,3].

Advances in HNC treatment have evolved to improve
survival and QOL outcomes [1]. Studies validate that despite
nerve preserving NDs, SD can still occur in 20% to 60% of
these patients [6,7]. There is evidence that exercise has a
positive impact on QOL among individuals with cancer [8]. Yet
less than half of HNC survivors engage in regular exercise, due
to fatigue, shoulder pain and disability [9,10].
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Specific measurements of shoulder function, both sub-
jective and objective, are not routinely employed clinically
to report SD. This knowledge has the potential to facilitate
prognostication, risk-stratification and customised rehabili-
tation programs. However, clinicians and cancer survivors
are more concerned about surveillance of cancer recurrence
such that rehabilitation does not always receive the attention
and time it deserves and at best, it may be reduced to a one-
time assessment [11].

Currently, the impact of SD among HNC patients after ND
and adjuvant treatment in Singapore is largely unknown. The
primary aim of this pilot, exploratory study was to evaluate
shoulder functions after surgery and adjuvant treatment, to
understand the extent of SD from each of these treatments.

Materials and methods
Study design

This was a pilot, exploratory prospective cohort study
conducted from October 2017 to March 2019. Patients were
recruited and consent taken at an out-patient dedicated HNC
clinic at a tertiary care comprehensive cancer centre, after
verification of data on electronic medical records (EMR). This
study received ethical approval from Institutional Review
Board committee (CIRB no. 2016-2578).

Inclusion criteria: HNC patients aged between 20 to 70
years, who were (1) diagnosed with histologically proven
advanced cancers of the upper aerodigestive tract (i.e., oral
cavity, pharynx, and larynx) and salivary glands; (2) awaiting
surgery and likely to undergo adjuvant treatment.

Exclusion criteria: HNC patients who were (1) diagnosed
with head and neck cutaneous malignancies, thyroid cancer,
or with distant metastases; (2) unfit for surgery on account
of medical co-morbidities; (3) unfit for rehabilitation due to
the presence of other illnesses/injury (i.e., history of shoulder
surgery, stroke, ischaemic heart disease).

Ten participants were recruited under a broader study
titled “The impact of multimodality treatment on physical
functions and QOL in patients with HNC: A prospective cohort
study”. Five participants had unilateral ND and the other five
had bilateral ND. In this paper, we focused on the five patients
with unilateral ND. Each participant had an affected side
(ipsilateral to surgery), and unaffected side (contralateral to
surgery) that served as control.

1. Clinical and patient characteristics sociodemographic
data: Age, gender and body mass index (BMI).

2. Clinical data: Cancer site, stage, treatment modality and
rehabilitation sessions.

Outcome, easures:

3. QOL AQuestionnaires: European Organization for
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Research and Treatment of Cancer - Quality of Life
Questionnaire (EORTC QLQ-C30) and Shoulder Pain
and Disability Index (SPADI).

4. Sensory mapping of neck and shoulder region.
5. Shoulder range of motion (ROM) and strength.

Testing for the participants was conducted at the
Movement Science Laboratory at the Tertiary Care facility,
across three visits. Baseline testing was conducted at visit 1,
prior to surgery (termed “baseline”). Post-operative testing
was conducted during visit 2, scheduled one and a half months
after surgery before radiation therapy commenced (termed
post-op). A final follow-up test was conducted during visit 3
at six months, after completion of radiation therapy (termed
“follow-up”).

Subjective outcome measures

QOL questionnaires: All participants completed the
EORTC QLQ-C30and SPADI. The EORTC QLQ-C30 incorporates
a global health status/QOL scale, where higher scores indicate
improved QOL. In SPADI, lower scores in pain and disability
scales correspond to improved shoulder function.

Sensation mapping: Light touch was applied around the
neck and shoulder region at dermatome distribution levels
of C2 to T1 on both affected and unaffected sides, modified
from the American Spinal Injury Association’s Assessment
Scoresheet 2, The participants were asked to report any
sensory difference between tested area versus anterior thigh,
which served as control. Results were recorded as absent (0),
diminished (1) or normal (2); and this testing took about 5 to
10 minutes to complete for each participant.

Objective outcome measures

Shoulder ROM: Participants were seated and strapped
to a Biodex dynamometer (Biodex Multi-Joint System PRO
#850-000, Biodex Medical Systems, New York USA) to ensure
consistent posture during measurements. Active ROM was
performed with the dynamometer, while passive ROM was
done with a hand-held 360-degree goniometer (Baseline
#12-1000, New York USA) by an experienced physiotherapist,
in the same resting position. Each participant received
standardised instructions, and an average of two measure-
ments in shoulder abduction and flexion was taken (Figure 1).

Shoulder strength: The dynamometer was also used
for strength assessments in shoulder abduction and flexion.
Isometric strength (maximal voluntary contraction) was
conducted at 45° angle, while isokinetic strength (peak
torque) was performed from 45° to 120° angle at a default
speed of 120°/s. The higher of two measurements was
recorded. Data collection was terminated if the participant
could not perform the assessment due to pain or any physical
impairment. Testing for ROM and strength took about 30
minutes to complete for each participant (Figure 1).
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A: Shoulder abduction/adduction B: Shoulder flexion/extension

Figure 1: Set up for active ROM and strength assessments in (A) shoulder abduction

and (B) shoulder flexion.

Statistical analysis

All analysed variables were reported at group and
individual patient level. Assessment of dermatome at 8
different positions were reported as box plots. Shoulder
ROM and isokinetic/isometric strength measurements at
baseline (0 month), post-operatively (1.5 months) and follow-
up (6 months) were reported as box plots. The difference
in distribution of shoulder ROM and isokinetic/isometric
strength measurements over time was tested using Mann-
Whitney U test. All analyses were performed using the SAS 9.4
(SAS Institute Inc., Cary, NC, USA).

Results
Demographics

All five participants were diagnosed with advanced HNC
(four with oral cavity cancer and one with salivary gland
cancer). The group comprised of 40% male (n = 2) and 60%
females (n = 3), with a median age of 56 years. All participants
underwent wide-resection of the primary tumour and
unilateral functional ND with preservation of SAN: two had
modified radical ND (MRND) levels 1-5, two had selective-
ND (SND) levels 1-3, and one had MRND with resection of the
sternocleidomastoid (SCM) muscle.

Four of them received adjuvant RT treatment, except for
participant C who had NO neck where post-operation RT was
not indicated. In addition, participant C had previous history
of RT for treatment of nasopharyngeal carcinoma (NPC) 11
years ago, and participant D had regional recurrence of cancer
after surgery.

Post-operative rehabilitation

All participants received in-patient rehabilitation, ranging
from one to 18 sessions, by the physiotherapist, to assess and
support recovery. The sessions were arranged on per needs
basis, hence the variation in treatment numbers provided.
Participant A who underwent RND, received the most
rehabilitation sessions (18 sessions) (Table 1).

After discharge, all participants remained active either
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through weekly exercise (Participants A and B) or returning to
work (Participants C and D). Participant D changed the work
to a more sedentary, administrative position. Participant E
was engaged in childcare and domestic tasks.

Subjective outcome measures

Quality of life: Figure 2A, QOL was negatively impacted
post-operatively for three participants (B, C and E). During
follow-up, QOL had improved back to baseline, with two
participants (A and B) exceeding their baseline QOL score.

Shoulder dysfunction: Figures 2B,C, All participants
presented with increased SPADI post-operatively on the
affected side. These scores, however, improved in most
participants at follow-up, except for two participants (C and D)
who continued to have residual impairments. Participant
C reported shoulder disability at follow-up with no pain
(Figure 2C) while Participant D complained of pain without
shoulder disability (Figure 2B).

Neck sensation: Four participants exhibited sensory
deficits post-operatively, with sensation being largely affected
at C3-4 dermatome levels on the affected side. At follow-up,
Participant A managed to recover partially her sensation loss
at C4. Participant B continued to have diminished sensation
at C3,whereas Participant C reported onset of absent sensation
at T1. Participant D showed the most sensory deficits from
post-operative period to follow-up, with worsening loss at C2
(0,0),C3 (1,0) and C4 (2,1) (Figures 3 and 4.)

Objective outcome measures

Shoulder ROM: Overall, active and passive flexion and
abduction ROM measurements on the affected shoulder had
significant reduction (p < 0.05) post-operatively, with active
ROM declining more than passive ROM. Abduction ROM, in
comparison to flexion ROM, was more affected and reduced
although this was not statistically significant. At follow-up,
only passive abduction ROM recovered close to baseline
(p > 0.05) (Figures 5A,B).

Participants B and C had reduced recovery in ROM on the
affected arm as compared to the other participants (Figure 5B
(1)). All participants did not have significant change in ROM of
the unaffected shoulder throughout the study period (Figure
5B (ii)), except for Participant A. Participant A appeared to
have a drop in both active and passive shoulder ROM for both
flexion and abduction, as well as difficulty with testing even at
baseline on the unaffected shoulder compared to the affected
shoulder.

Shoulder strength: Overall, all strength measurements on
the affected shoulder showed a decline at post-op and follow-
up, however these changes were not statistically significant
except for isometric flexion changes (p = 0.023) from baseline
(Figure 6A(i)).
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Subject Age Gender BMI Occupation  Cancer type Staging Surgery Adjuvant therapy  Rehabilitation Post-discharge
{years) (kg/m2) sessions lifestyle
A 65 Female 252 Retiree Retromolar T4aN1 Left RND Post-op RT 18 (12 PT &6 Exercise
Trigone (SCM oT)
resected)
B 48 Female 224 Self- Tongue T2N2a Left SND Post-op CRT 3(3PT) Exercise
employed
C 56 Male 216 Hawker Tongue T2NO Left SND Previous history of 5 (1 PT &4 OT) RTW
RT (treatment for
NPC)
D 61 Male 21.9 Flight Maxillary T4aN3b Right MRND  Post-op RT 10 (3PT&70OT) RTW (changed
attendant Alveolar to a desk job)
E 43 Female 241 Homemaker  Parotid T3N2b Left MRND Post-op RT 1(1PT) Active managing
Adenoid a toddler at
Cystic home

BMI, body mass index; GRT, chemoradiation therapy; MRND: Modified radical neck dissection; OT, occupational therapy; PT, physiotherapy; RT, radiation therapy;

SCM, sterocleidomastoid; SND, selective neck dissection, NPC Nasopharyngeal Garcinoma, RTW Return to work
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Figure 4: Sensation scores on the affected side for (A) all participants and (B)
Figure 2: Questionnaire scores for (A) quality of life, (B) shoulder pain and (C) shoulder
disability at baseline (0 month), post-op (1.5 months) and follow-up (6 months).

individual participants at baseline (0 month), post-op (1.5 months) and follow-up
(6 months).
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BA(i): Box plot of shoulder ROM for affected side

BA(i): Box plot of isokinetic and isometric shoulder strength for the affected side
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Figure 5: Shoulder ROM (°) on the affected and unaffected side for active and passive
abduction and flexion for (A) all participants and (B) individual participants at baseline

(0 month), post-op (1.5 months) and follow-up (6 months). P - values are based on
Mann-Whitney U-Test.

Figure 6: Shoulder strength (N/m2) on the affected and unaffected side for isokinetic
and isometric abduction and flexion for (A) all participants and (B) individual participants
at baseline (0 month), post-op (1.5 months) and follow-up (6 months). P - values are
based on Mann-Whitney U-Test.

Overall isokinetic strength reductions were more apparent
compared with isometric, and abduction strength was also
lower than flexion values. At follow-up, the strength changes
were more varied among the participants, hence the results
were not statistically significant.

Participant A was not evaluated due to pain during
assessment, hence there are missing data for isometric and
isokinetic abduction strength (Figure 6B(i)). Participants
B and E managed to recover the isometric and isokinetic
strength back to baseline levels; but Participants C and D

https://doi.org/10.29328/journal.jnpr.1001045

saw further deteriorations at follow up. The unaffected side
showed no significant change in shoulder strength during the
study period (Figures 6A(ii) and 6B(ii)).

Discussion

In this study, all participants presented with below baseline
scores in the subjective and objective outcome measures post-
operatively. At follow-up, the subjective variables like QOL
and SPADI improved back to baseline scores, but not so for the
shoulder strength and ROM measurements, which continued

www.rehabilityjournal.com m
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to be lower compared to the baseline and the unaffected
shoulder. Due to the small sample size, statistical significance
could not be tested for all changes, hence clinical observations
will be discussed for each subject instead.

Studies show overwhelming evidence for the benefits of
exercise as adjunct care to reduce physical impairment for
cancer patients [8-11] . In addition, rehabilitation is reported
to play an important role in treating the “shoulder syndrome”
by preventing adhesive capsulitis and reducing myofascial
pain in the shoulder girdle [10]. In this study, we noted that
rehabilitation for the shoulder post operatively, was not
provided routinely but on a needs basis, which may account
for the decrease in the shoulder ROM and strength in the
affected shoulder noted post operatively. Fortunately, some
of the participants (Participant A and B) continued to exercise
on their own upon discharge, hence the varying levels of
shoulder recovery noted among the five participants.

It was noted in Participant A, who initially reported
high levels of shoulder pain which impeded her strength
assessments post operatively as well as at baseline, hence
the missing data (Figure 6B). Following a rehabilitation
programme (12 PT and 6 OT sessions), she reported a
reduction in pain to below baseline level and managed to
regain strength at follow-up.

Similar shoulder improvement results were noted for
Participant B who continued to exercise on his own, and
Participant E who was engaged actively in childcare and
domestic work, requiring use of the upper limbs. As such, it
may be imperative that all HNC patients receive a prescribed
dose of rehabilitation to reduce pain and SD. Future work in
this area should investigate the optimal dose of exercise to
encourage recovery.

On the other hand, Participant C, who received previous
RT (history of NPC), reported increased shoulder disability
throughout the study period. Although he returned to
active work as a hawker after discharge, it did not seem to
contribute to shoulder recovery in terms of strength and
especially ROM. A possible reason for this participant’s poor
post-operative recovery may be explained by existing soft
tissue changes in the neck and shoulder region from previous
RT and possibly radiation-induced fibrosis [13]; which may
have already compromised musculoskeletal function before
current treatment. Participant C started with both shoulder
muscular weakness and limited passive ROM values below
130° at baseline, suggesting that ADLs may have already
been compromised prior to the study. Oosterwijk, et al. [14]
showed that in healthy individuals, shoulder flexion and
abduction ROM of 130° was necessary to perform activities of
daily living (ADLSs).

Our study noted that participants were able to preserve
isometric strength better than isokinetic strength in the
affected shoulder after ND. Clinically, isometric exercises
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are usually conducted in the early phase of rehabilitation,
especially where ROM is limited due to pain [15], and this may,
in part explain our results. Dynamic or isokinetic shoulder
exercises are more challenging to perform compared to
isometric exercises as it requires an individual to generate
shoulder force throughout the functional range of the joint
[15]. However, the advantage of isokinetic exercise allows
for improvements in more explosive muscular power type
activities, akin to daily functional movements [15]. Hence,
rehabilitation should also focus on isokinetic shoulder
exercises for return to routine shoulder activities such as
reaching, throwing, driving etc.

Loss of touch sensation was most affected at C3-4
dermatomes levels (Participants A, B and D). Saffold, et
al. [16] Van Wilgen, et al. [17] and Garzaro, et al. [18], also
showed that this region of the neck remained frequently
affected, regardless of whether cervical plexus was sacrificed
or spared during ND. Although damage to the cervical plexus
reduces sensorial perception, it was not known to have any
influence on shoulder pain that developed following ND [19],
as observed in our current study too.

Limitations

Inherent to a pilot exploratory study is selection bias. In
addition, a small sample size necessitated case-series analysis.
Further, the participants presented as a heterogenous group
with differing factors such as cancer sites, stage, differing types
of NDs, and frequency as well as type of rehabilitation. This
made it challenging to analyse the results as a cohort and as
such attribute a universal recommendation of rehabilitation
for such cohorts.

Conclusion

In this study of five HNC participants, both subjective and
objective measures of function were negatively affected at
post-operative testing. There was improvement in shoulder
ROM and strength in participants who undertook some form
of exercise or rehabilitation. The results of this study forms
the basis for future research for developing customised
interventional strategies to reduce SD and improve QOL.
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