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ABSTRACT: Background. Shoulder pain and dysfunction after neck dis-
section may result from injury to the accessory nerve. The effect of early
physical therapy in the form of intensive scapular strengthening exer-
cises is unknown.
Methods. A total of 59 neck dissection participants were prospectively
recruited for this study. Participants were randomly assigned to either
the intervention group (n 5 32), consisting of progressive scapular
strengthening exercises for 12 weeks, or the control group (n 5 29).
Blinded assessment occurred at baseline, and at 3, 6, and 12 months.
Results. Three-month data were collected on 52 participants/53 should-
ers. Per-protocol analysis demonstrated that the intervention group had

statistically significantly higher active shoulder abduction at 3 months
compared to the control group (126.6�; 95% confidence interval [CI]
7.28–45.95; p 5 .007).
Conclusion. The intervention is a favorable treatment for maximizing
shoulder abduction in the short term. The effect of the intervention com-
pared to usual care is uncertain in the longer term. VC 2014 Wiley Period-
icals, Inc. Head Neck 00: 000–000, 2014

KEY WORDS: accessory nerve, shoulder dysfunction, neck dissec-
tion, physical therapy

INTRODUCTION
Accessory nerve injury can occur after neck dissection
performed in the management of head and neck cancer.1,2

Modified and selective neck dissections have been popu-
larized as they avoid the accessory neurotmesis that is
associated with “classic” radical neck dissection. Despite
recent surgical attempts to limit the postoperative morbid-
ity seen with accessory nerve compromise, injury to the
accessory nerve can still occur in up to 67% of patients,
in spite of these nerve-sparing dissections.3 Microtrauma
to the accessory nerve can occur through intraoperative
neural manipulation and traction, leading to focal or seg-
mental demyelination and devascularization, even with an
intact neural sheath.

The accessory nerve is the primary motor supply to the
large trapezius muscle. There are also known but much
lesser contributions from C2, C3, and C4 branches of the
cervical plexus.4,5 When neural input to the trapezius is
impaired, weakness of the muscle results. This has a major
detrimental effect on scapula position. At rest, the scapula
becomes dropped and winged with reduced trapezius mus-
cle activity. Abnormal scapular biomechanics leads to sig-

nificantly reduced active glenohumeral abduction and
flexion compared to preoperative levels.6,7 Reduced active
glenohumeral abduction and flexion resulting from acces-
sory nerve shoulder dysfunction has pronounced negative
effects on regional shoulder pain, function, and quality of
life, which are well documented.3,8,9

Neck dissection status has been found to significantly
influence levels of disability.10 The burden of this affects
not only patients, but has a larger societal impact. Given
that most patients with head and neck cancer are men and
still of working age,11 the presence of accessory nerve
shoulder dysfunction impacts greatly on their ability to
return to work. Although the prevalence of accessory
nerve shoulder dysfunction has been reported, there is
large variation in the reports how the dysfunction pro-
gresses over time. Consequently, there is no definitive
prognostic information for medical and health professio-
nals to provide to affected patients, further adding to the
challenge of occupational planning.

Postoperative care of accessory nerve shoulder dysfunc-
tion after neck dissection may vary based on setting, loca-
tion, and opinions of treating professionals. Optimal
evidence-based management of accessory nerve shoulder
dysfunction is inconclusive.12 The only randomized con-
trolled trial with sufficient sample size investigating the
effect of physical therapy in patients with accessory nerve
shoulder dysfunction found a 12-week supervised progres-
sive upper limb strengthening exercises to be superior to
upper limb strengthening exercises without load progres-
sion.13 However, as the authors acknowledge, the study
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lacked prospective recruitment, with a median time since
surgery >18 months for 44% of the participants. Patients
with accessory neurotmesis, in which nerve recovery
mechanisms are unlikely, were also included. No follow-
up measures were undertaken beyond 12 weeks. Both
groups received physical therapy 3 times a week for 12
weeks, which is resource intensive and costly. The effect
of advice only compared to regular physical therapy has
been recently investigated.14 However, with the analyzed
sample size being only 24 participants, and a high risk of
bias resulting from methodological flaws, the study out-
come is considered to be of limited value.15 This review
highlights the need for further studies with long-term fol-
low-up in this patient population, with physical therapy
conducted during the early postoperative phase and radia-
tion therapy period.15

The main purpose of this study was to investigate the
effect of early specific intensive rehabilitation in patients
with accessory nerve shoulder dysfunction after neck dis-
section, compared to usual care in Australia (primarily a
brochure of self-directed home-based exercises) during a
12-month period. The secondary purposes were to investi-
gate the prevalence of accessory nerve shoulder dysfunc-
tion after neck dissection in the included study sites, how
accessory nerve shoulder dysfunction progresses over a
12-month period, and the feasibility of performing inten-
sive strengthening exercises during adjuvant treatment for
head and neck cancer. Results of the study may improve
the evidence-based physical therapy management of
patients affected by accessory nerve shoulder dysfunction
after neck dissection, thereby improving consistency of
care and maximizing the efficient use of resources.

MATERIALS AND METHODS

Participants

The trial was conducted from April 2009 to December
2012 at 3 study sites within New South Wales, Australia:
The Calvary Mater Newcastle, Liverpool, and Westmead
hospitals. Participants were recruited from these hospitals
or as private patients of a collaborative surgeon attending
the study site hospitals. All participants were diagnosed
with carcinoma of the head and neck region and had
undergone a neck dissection, with accessory nerve preser-
vation, within the past 8 weeks before study entry, with
demonstrated clinical signs1,13,16–18 of accessory nerve
shoulder dysfunction after surgery. Shoulder dysfunction
as a result of accessory nerve injury was assumed if par-
ticipants presented with at least 2 of the following clinical
signs: a dropped and winged scapula at rest, scapula
winging on active shoulder abduction, and reduced active
abduction range of motion. Eligibility criteria also
included a fully healed neck dissection scar, �18 years of
age, and ability to sufficiently communicate in the Eng-
lish language. Exclusion criteria were medical comorbid-
ities or psychiatric illness that would affect the ability to
perform the intervention, illness as a result of postopera-
tive complications, the presence of distant metastases, and
a history of shoulder pain or known shoulder pathology
within 6 months before neck dissection. Ethical approval
to conduct the trial was obtained from the Human
Research Ethics Committees of the University of Newcas-

tle, Hunter New England Area Health Service, South
Western Sydney Local Health District, and Western Syd-
ney Local Health District. Informed written consent was
obtained from all participants that agreed to participate.

Study design and randomization

The study was a single blind prospective, randomized
controlled trial. A physical therapist assessor, blinded to
the study, initially screened potential participants at each
study site. Those participants included were then ran-
domly assigned to either the control group or the inter-
vention group after the baseline assessment.
Randomization was via a block design stratified by the
study site and neck dissection type (modified radical neck
dissection versus selective neck dissection), with codes
generated separately for each hospital with treatment allo-
cation balanced in blocks of size 4. An independent statis-
tician generated the codes using the Proc Plan procedure
in the SAS statistical software package. Allocation codes
were inserted by an independent person in sealed opaque
envelopes for concealment, and labeled with sequential
study numbers. After participant consent, the treating
physical therapist selected the next available envelope to
determine into which treatment group the patient was
allocated.

Outcome measures

Outcome measures were assessed at baseline, 3 months,
6 months, and 12 months for the operated side affected
by accessory nerve shoulder dysfunction. Participants
who underwent a bilateral neck dissection had outcome
measures obtained for either 1 or both shoulders, depend-
ing upon the demonstrated postoperative signs of acces-
sory nerve shoulder dysfunction.

Primary outcome measures

The Shoulder Pain and Disability Index (SPADI) is a
validated questionnaire measuring shoulder pain and
impairment, which has been shown to demonstrate good
test-retest reliability and high levels of internal consis-
tency.19–21 It is a more responsive scale than other, more
general, health-related quality of life scales. The SPADI
consists of scoring 5 items relating to shoulder pain, and
8 items relating to functional activity of the shoulder,
which are summated to give a total score of up to 100
(with a higher score reflective of greater shoulder pain
and disability).

Active shoulder range of motion on the affected side
was assessed using a gravity-dependent digital inclinome-
ter, which has good intrarater reliability.22 Positions of
testing and procedures, such as order of testing, were
standardized.23 Active shoulder abduction was considered
the primary outcome measure of interest, as it is the
movement most affected by an accessory nerve injury.6,7

Secondary outcome measures

The Neck Dissection Impairment Index (NDII)24 is a
validated and reliable treatment-specific quality of life
score that measures shoulder and neck impairment as a
result of cancer treatment of the neck. It consists of a
Likert scale of 10 questions with 5 response items of
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how, in the last 4 weeks, either neck or shoulder pain has
bothered them and if their ability to perform functional,
social, and work activities has been affected.

A Global Perceived Effect Scale (GPES) was developed
based on similar scales utilized in intervention studies.25

The scale consisted of 4 questions, which aimed to mea-
sure participants’ perceived overall effect of either the
control or intervention treatment on levels of pain and
satisfaction. The GPES gave a total score out of 4, with a
score of 4 reflective of the highest perceived effect of
treatment received. It was collected at the 3-month fol-
low-up period only.

Prevalence of accessory nerve shoulder dysfunction

The prevalence of accessory nerve shoulder dysfunction
after neck dissection with accessory nerve preservation
was calculated by dividing the number of patients with
subjective and/or objective signs of accessory nerve
shoulder dysfunction by the number of neck dissection
patients that were assessed subjectively and/or objec-
tively. Because of the large number of patients being
unable to attend for an objective assessment, subjective
assessment of accessory nerve shoulder dysfunction con-
sisted of questioning if they had developed new shoulder
pain since neck dissection and if they were limited in
activities of daily living that involved abduction move-
ment. All patients were encouraged to attend for objective
assessment of their shoulder if possible, to confirm
whether or not accessory nerve shoulder dysfunction was
present.

Treatment factors and demographical data

Baseline demographic information was recorded, as
summarized in Table 1.

Details pertaining to participants’ tumor stage based on
the universal TNM classification system26 and adjuvant
treatments received (radiation therapy and chemotherapy)
were obtained from self-report and data via medical
records and clinical information systems (Table 1). Anal-
gesia logs were issued for participants to self-record pain
medication taken from baseline for 12 weeks. The type
and frequency of medication was recorded weekly.

Interventions

Both interventions were delivered by a physical thera-
pist with at least 6 years of clinical experience. The pri-
mary investigator (A.M.) trained each treating physical
therapist with regard to the intervention protocol.

Control group

Participants randomized to the control group received
what is considered to be current usual physical therapy
care in Australia after neck dissection surgery. The con-
trol group received a combination of general advice and a
brochure of generalized shoulder and neck exercises. The
brochure consisted of instructions and photographs of
active-assisted glenohumeral joint exercises, active cervi-
cal spine range of movement exercises, and advice about
scar tissue massage, correct posture, and encouraging
functional use of the upper limb. If control group partici-
pants wished to receive further physical therapy, they

were free to do so at a location other than the study site.
The treating physical therapist at the follow-up time peri-
ods recorded the physical therapy that control group par-
ticipants may have received, in terms of the number of
sessions. It was not possible to control for the type of
physical therapy they may have received elsewhere.

Intervention group

The intervention took place for 12 weeks, and consisted
of 1 supervised session and 2 home sessions per week.
Additional home sessions were only undertaken if deemed
appropriate and safe. The intervention group protocol pri-
marily consisted of supervised progressive scapular
strengthening exercises (Table 2) of the upper trapezius,
rhomboid, and serratus anterior muscles, utilizing hand
weights, with the lowest possible weight being 0.5 kg.
The treating physical therapist selected 1 type of exercise
for each muscle group, based on the participant’s ability
to perform the exercise with correct form without produc-
ing/increasing shoulder pain, discomfort, or fatigue 8 to
12 times (8–12 repetition maximum) for 2 to 3 sets. At
least a 1-minute rest occurred between consecutive sets.
A weekly home exercise diary was utilized to maximize
compliance of unsupervised sessions, with the exercise
frequency and dosage determined by the supervised ses-
sion. Participants were advised not to upgrade the exer-
cise parameters at home. If participants experienced an
increase in shoulder or neck pain or worsening of fatigue
during a session, they were advised to modify or cease
the particular exercise and any pain or post-exercise mus-
cle soreness was recorded at the subsequent supervised
session. Weights were increased by 0.5 kg when the treat-
ing physical therapist deemed a participant could safely
perform the exercise after at least a week on the pre-
scribed weight. If pain and shoulder limitation deemed a
hand weight not suitable, then a theraband exercise band
was utilized as an alternative until a weight could be
safely used.

In addition to the scapular-strengthening program, the
intervention group participants performed active cervical
spine range of motion exercises in all directions (10–15
repetitions, 1–2 sets), active-assisted shoulder range of
motion exercises (10–15 repetitions, 1–2 sets), cervical
spine and pectoralis major stretches (30-second hold, 3
repetitions). Advice about self-administered scar tissue
massage of the neck region was given if the participant
was not undergoing radiation therapy or had treatment-
related skin changes deeming massage not appropriate.
Addition of therapist-applied manual therapy was only
performed on intervention participants if it was deemed a
necessary adjunct in order to complete prescribed
exercises.

Adherence to the intervention was recorded each week
by the treating physical therapist, consisting of attendance
at the supervised session and whether or not the partici-
pant performed the 2 home sessions as prescribed. Rea-
sons for intervention participants not attending a
supervised session or not performing the prescribed exer-
cises were noted, as were any adverse effects. An adher-
ence rate of at least 70% was considered to be a feasible
and acceptable level of compliance with the intervention
protocol.27
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Analysis

The study-blinded assessor at each site performed data

entry into the study database. A sample size of approxi-

mately 60 participants was required in order to detect a

moderate to large standardized difference in the primary

outcome measure, the SPADI. This sample size was calcu-

lated based on the mean difference in the SPADI scores of

14.5 with a SD of 20 between groups from an earlier pilot

study in the same patient population.28 The level of signifi-

cance chosen was a p value < .05 with a power of 80%.
A generalized linear mixed model was fitted to the data

separately for each of the outcomes. The p value associated
with the interaction term was used to determine if there
was a statistically significant difference in change from
baseline to the time point of interest between groups. The
model included a random intercept term for the participant
to account for the repeated measurements on individuals.

TABLE 1. Baseline demographic and disease profile details of participants.

No. of participants Overall, N 5 59 Control group, N 5 27 Intervention group, N 5 32 (33 shoulders)

Demographic profile
Mean age (range), y 58.4 (18–80) 59.6 (18–80) 57.4 (26–76)
Male 43 19 24

Disease profile
Tumor location
Oral cavity/oropharynx 22 9 13
Hypopharynx/larynx 1 1 0
Nasopharynx/nasal cavity 1 0 1
Salivary glands 6 3 3
Melanoma neck/SCC neck 12 4 8
Unknown primary 6 3 3
Other* 11 7 4

Disease stage (TNM classification)
I (T1N0) 9 4 5
II (T2N0) 7 4 3
III (TXN1–3, T3N1, T1N1, T2N1) 16 5 11
IV (T2N2, T4NO) 2 2 0
IVA (T4N0–2, T1–4N2, TXN2) 17 8 9
IVB (TXN3) 2 1 1
IVC (TXN1, T3N2) 2 1 1
Unknown 4 2 2

Bilateral neck dissection 4 1 3
Neck dissection type

MRND (level I–V) 26 11 15
SND (level 5 not dissected) 33 (34 shoulders) 16 17 (18 shoulders)

Free flaps
No 42 19 23
Scapula 1 1 0
Radial ipsilateral 7 4 3
Radial contralateral 3 1 2
Fibula 6 1 5

Operated side is dominant side 31 14 17
Radiation therapy

During intervention 24 12 12
Before intervention 4 1 3
Not received 31 14 17

Chemotherapy
Cisplatin 3 2 1
Interferon 1 0 1
Not received 55 25 30

Analgesia (�2 3/wk for �6/52)
Paracetamol/panadeine 11 4 7
Opioid 2 1 1
Paracetamol and NSAID 2 1 1
Paracetamol and opioid 6 1 5
Paracetamol and NSAID and opioid 1 0 1
Nil 17 10 7
No data available 20 10 10

Abbreviations: SCC, squamous cell carcinoma; MRND, modified radical neck dissection; SND, selective neck dissection; NSAID, nonsteroidal anti-inflammatory drugs.
* Other: thyroid (n 5 4), SCC of the head/face (n 5 6), and melanoma of the head/face (n 5 1).
Logs of analgesia taken during the initial 3-month study period were self-recorded on a weekly basis and collected at the 3-month follow-up.
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An additional per-protocol analysis was performed,
excluding those intervention group participants that did
not fulfill the protocol criteria, as outlined in Figure 1.

RESULTS
A total of 59 participants were recruited with 60

affected shoulders (1 participant with both shoulders
affected by accessory nerve shoulder dysfunction), from a
total of 348 of those potentially eligible (see Figure 1).
Recruitment occurred from April 2009 until January
2012. The main reasons for exclusion were participants’
verbal reporting of no accessory nerve shoulder dysfunc-
tion (29.4%) and living out of the study site. Fifty poten-
tial study participants declined to participate.

Three-month follow-up data were collected on 52 par-
ticipants/53 shoulders (88% of included participants) with
7 participants lost to follow-up. Participant loss did not
differ between groups (2 were deceased; 3 were unable to
be contacted; and 2 had developed metastases or were
unwell). A total of 10 participants (11 shoulders) in the
intervention group were excluded from the per-protocol
analysis with reasons provided in Figure 1.

At 6-month follow-up, a further 7 participants were lost,
with 5 of the participants in the control group (3 were liv-
ing out of area; 1 had deceased; 1 did not attend assess-

ment; 1 was unable to be contacted; and 1 control group
participant electively withdrew). Twelve-month data were
collected on a total of 39 participants (40 shoulders) with a
further 6 participants lost to follow-up, 4 of these in the
intervention group (2 were deceased; 2 were unable to be
contacted; and 2 were unwell).

Baseline characteristics

Baseline participant demographics and disease and
treatment characteristics were similar between groups
(Table 1). There was a slightly higher proportion of par-
ticipants randomized to the intervention group (54%). The
majority of participants were men (73%), with a mean
overall age of 58.4 years (range, 18–80 years).

Prevalence of accessory nerve shoulder dysfunction

Overall, the prevalence of accessory nerve shoulder
dysfunction was 36.86% across all study sites. There was
a large number of potential participants (81) who were
not contacted based on being of non-English speaking
background, poor cognitive function, or who lived out of
the study area. Of the 59 included participants, 33 had
undergone a selective neck dissection, and 26 had under-
gone a modified radical neck dissection. The type of sur-
gery was unknown in 81 potential participants.

TABLE 2. Intervention group exercises.

Exercise Muscles targeted Exercise description

Shoulder shrug Upper trapezius In standing, tested arm by side and elbow fully extended, holding onto
dumbbell. Scapula in neutral position of elevation/depression. Elevate
scapula to maximum height maintaining position of elbow and gleno-
humeral joint, then return to start position.

Overhead press Upper trapezius In standing, shoulder abducted to 90 degrees so humerus at horizontal
level, and elbow flexed to 90 degrees, holding onto dumbbell. Extend
elbow fully, so weight moves up toward ceiling, then return to start
position.

Single-arm row in standing Rhomboids In standing, contralateral hand on plinth, and trunk flexed to approximately
45 degrees, with contralateral leg in front in a lunge position. Ipsilateral
hand holding onto dumbbell, with elbow fully extended. Ipsilateral
shoulder flexed in line with contralateral knee, holding onto dumbbell
with elbow fully extended. Retract scapula and flex elbow, pulling dumb-
bell toward ipsilateral lower rib region.

Single-arm row in prone Rhomboids In prone position, holding dumbbell. Contralateral hand under forehead to
maintain neck in neutral position. Ipsilateral glenohumeral joint just clear
of plinth. Ipsilateral shoulder in approximately 90 degrees flexion with
elbow fully extended, and end range scapula protraction as gravity
allows. Retract scapula and flex elbow, pulling dumbbell toward ipsilat-
eral lower rib region. No shoulder abduction permitted.

Horizontal adduction/flexion Serratus anterior In sitting position. Start position is wrist in line with shoulder and elbow
flexed. Raise arm toward midline and upward, combining shoulder
adduction and flexion.

Bilateral arm wall press up Serratus anterior Both hands positioned on wall placed shoulder width apart, and shoulders
flexed to 90 degrees. Start position is full scapula retraction with sternum
depressed toward wall, elbows fully extended. End position is maximum
scapula protraction, shoulders and elbows remain in starting position.

Scapula protraction in supine Serratus anterior In supine, shoulder at 90 degrees flexion holding dumbbell, elbow fully
extended, ipsilateral scapula fully on plinth surface. Protract scapula
fully, so scapula lifts off plinth, then return to starting position. Shoulder
and elbow remain in same position as at the start. No trunk rotation
permitted.

PHYSICAL THERAPY FOR ACCESSORY NERVE INJURY AFTER NECK DISSECTION
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Intervention group exercise adherence

Out of the 32 participants (33 shoulders) allocated to
the intervention group, 22 participants (22 shoulders)
received the protocol intervention. Five intervention par-
ticipants developed or had preexisting exclusion criteria
that were unknown at the time of study entry, with the
remaining participants not receiving at least 70% of the
protocol (see Figure 1). The overall percentage of ses-

sions attended by the intervention group was 76.6%. The
percentage of sessions attended by those participants
included in the per-protocol analysis (excluding partici-
pants that developed metastases, died, or did not attend to
start protocol) was 82.2%. The most common reason for
not attending sessions was work or other commitment
(41.9%), followed by side effects from radiation therapy,
and cancer-related fatigue (27.4%).

FIGURE 1. Consolidated Standards of Reporting Trails (CONSORT) flow diagram.
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The overall percentage of home sessions correctly per-
formed was 74.2%.

The percentage of home sessions correctly performed
by those participants analyzed as completing the interven-
tion (excluding participants that developed metastases,
died, or did not attend to start protocol) was 81.8%. The
most common reasons were side effects from radiation
therapy and cancer-related fatigue (38%), followed by
participants increasing the dosage parameters of home
exercise beyond that which was prescribed (19.0%). One
intervention participant died in the intervention period.
One intervention participant, with 2 affected shoulders,
developed increasing shoulder pain at 3 weeks. The treat-
ing physical therapist ceased administering the protocol at
this point in contravention of agreed management
guidelines.

Control group

Seven control group participants received additional
physiotherapy elsewhere, for a total of 36 sessions. The
majority of these participants (4 of 7) sought physiother-
apy and had the most sessions (21 of 36) in the first 3
months of the study period.

Response to treatment

The outcome measures of active shoulder abduction,
flexion, the SPADI, and the NDII showed improvements
over time. No improvements over time were shown for
active shoulder external rotation or internal rotation.

Primary outcome measures

Both groups demonstrated an improvement in the
SPADI score over the study period. The SPADI score did
not significantly differ between groups at any follow-up
time point (Tables 3 and 4). The increase in active
shoulder abduction was significantly higher in the inter-
vention group at 3 months, being 26.6� (95% confidence

interval [CI], 7.3–46) greater than the control group for
the per protocol analysis. There were no statistical differ-
ences between groups for abduction at any other follow-
up. There were no statistical differences in any of the pri-
mary outcome measures of abduction, flexion, the
SPADI, or the NDII based on neck dissection type (modi-
fied radical neck dissection or selective neck dissection)
at any of the follow-up time points. Analysis on the basis
of hand dominance did not reveal any association with
measured outcomes.

Secondary outcome measures

There were no significant differences between groups
for active shoulder flexion (Tables 3 and 4), GPES (mean
of 3.4 for both groups), external rotation (in 0�, 60�, and
90� of abduction) or internal rotation (in 60� and 90�).

DISCUSSION
This is the first prospective randomized controlled trial

to investigate the effect of early intensive physiotherapy
on accessory nerve shoulder dysfunction after neck dis-
section. Over the 12-month study period, both the control
and intervention groups demonstrated improved outcome
measures for active shoulder abduction and flexion,
shoulder pain, and disability. This is a promising prognos-
tic indicator for this patient population. The results
favored the intervention group per-protocol analysis for
active shoulder abduction at the 3-month follow-up, with
a significantly greater increase compared to the control
group. There were, however, no significant differences
between the intervention and control groups for shoulder
pain, function, and quality of life outcome measures. Sev-
eral possible reasons may explain this result. First, the
intervention may not improve shoulder pain or quality of
life, despite shoulder abduction being observed to
improve to a greater extent. Second, 41% of participants
were undergoing adjuvant radiation therapy, which is

TABLE 3. Effect of intervention on outcome measures for intent-to-treat analysis.

Outcome measure
Mean (SD) Mean change between group differences (95% CI)

Baseline 3 mo 6 mo 12 mo 3 mo 6 mo 12 mo

Abduction
Control 61.2 (34.0) 81.9 (31.5) 107.8 (38.8) 116.7 (38.1) 11.92

(27.4 to 31.2)
23.0

(223.5 to 17.5)
25.56

(227.5 to 16.4)
Intervention 62.3 (29.3) 98.2 (41.8) 106.1 (44.0) 112.2 (47.2)

Flexion
Control 105.7 (28.6) 120.67 (21.9) 128.3 (24.1) 137.5 (20.0) 22.65

(216.1 to 10.8)
26

(220.3 to 8.3)
26.29

(221.6 to 9.0)
Intervention 116.8 (28.6) 130.1 (30.5) 132.0 (28.9) 139.2 (30.2)

SPADI
Control 43.0 (29.3) 28.0 (26.7) 18.6 (21.1) 14.9 (14.2) 4.34

(29.10 to 17.77)
2.97

(211.3 to 17.2)
5.26

(29.8 to 20.4)
Intervention 38.8 (25.4) 28.6 (25.6) 20.2 (21.6) 18.9 (25.3)

NDII
Control 45.2 (27.9) 63.5 (25.7) 72.6 (19.6) 79.6 (14.9) 26.16

(218.5 to 6.2)
25.26

(218.3 to 7.8)
28.25

(222.1 to 5.6)
Intervention 48.8 (22.0) 62.3 (21.1) 70.4 (24.7) 74.5 (23.7)

Abbreviations: CI, confidence interval; SPADI, Shoulder Pain and Disability Index; NDII, Neck Dissection Impairment Index.
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likely to greatly reduce the validity of those outcome
measures assessing pain and function, namely the SPADI
and NDII. This is particularly the case at the 3-month fol-
low-up, when the side effects of radiation therapy are
likely to be greatest.29 Despite randomization, radiation
therapy is a large extraneous variable, which is likely to
impact on participants’ responses to these measures inde-
pendent to the intervention.

There were no significant differences in measured out-
comes between the groups at 6 and 12 months. This may
be because there is no long-term additional benefit of
the intervention, which suggests that a brochure of gen-
eralized exercises and advice has a similar outcome to
intensive rehabilitation beyond a 3-month time period.
The evidence for the effect of strengthening exercises on
muscles affected from a peripheral motor nerve injury is
limited because of a lack of studies.30 Physiologically, it
is theorized that resisted exercise improves peripheral
motor nerve injury via muscle hypertrophy, and the neu-
ral mechanisms of remyelination, axonal sprouting, and
regeneration.31 Given that collateral sprouting and axo-
nal regeneration occur at 2 to 6 months after nerve
injury, it would seem reasonable that the effects of exer-
cise may plateau with time.31 This is consistent with our
findings.

Alternatively, it may reflect that the study lacked power
at the 6-month and 12-month time points. The available
sample size had reduced to 45 participants at 6 months, and
to 37 for the per-protocol analysis at 12 months. Loss to
follow-up has been reported in another study, which investi-
gated a similar intervention in the same patient popula-
tion.13 This is reflective of the challenges faced with
conducting prospective physiotherapy research with long-
term follow-up in patients with head and neck cancer. With
both groups improving over time, the most optimal type of
physiotherapy seems yet to be defined in the longer term.

Randomization was stratified for neck dissection type,
as it was theorized that the selective neck dissection
group may have a better outcome, given that the levels of

lymph nodes dissected do not include level 5. However,
in modified radical neck dissection, in which level 5
lymph nodes are included in the dissection, the accessory
nerve becomes exposed, so is therefore at risk of injury.32

Other studies have reported a difference in shoulder out-
comes based on neck dissection type, with selective neck
dissection demonstrating better outcomes compared to
modified radical neck dissection.3,8 Our study outcomes
did not change based on neck dissection type. Further
studies with larger sample size may give further insight
as to the effect of neck dissection type on shoulder func-
tion related to accessory nerve injury.

There were some challenges with compliance of the
intervention protocol. A per-protocol analysis was con-
ducted as 32% of participants either did not meet the cri-
teria after study inclusion, or did not meet 70% adherence
required for the intervention. Many neck dissection
patients were experiencing the side effects of radiation
therapy, so the intervention, at times, may not be feasible.
The complexities associated with undertaking regular
physiotherapy during radiation therapy may be why other
randomized physiotherapy studies of neck dissection
patients required radiation therapy to be completed before
study inclusion.13,28

Overall, there is a distinct lack of evidence regarding
the physical therapy management of accessory nerve
shoulder dysfunction in neck dissection patients.12,15 First,
head and neck cancer is not as common as other cancer
types,33 making sufficient recruitment of participants
challenging. Second, adherence to rehabilitation can be
challenging in patients with head and neck cancer.34 Gen-
eral exercise levels are vastly lower than normal,35 often
because of patients experiencing the side effects of adju-
vant treatment. Third, some countries may not offer self-
management exercises as standard management of acces-
sory nerve shoulder dysfunction; therefore, ethically, this
is unable to be studied. A previous study has reported sig-
nificant improvements in the SPADI with progressive
scapular strengthening exercises, compared to

TABLE 4. Effect of intervention on outcome measures for per-protocol analysis.

Outcome measure
Mean (SD) Mean change between group differences (95% CI)

Baseline 3 mo 6 mo 12 mo 3 mo 6 mo 12 mo

Abduction
Control 61.16 (34.04) 81.92 (31.46) 107.80 (38.83) 116.69 26.62

(7.3 to 46)
11.45

(29.0 to 32)
9.59

(212.4 to 31.6)
Intervention 61.43 (24.89) 111.43 (38.64) 118.49 (41.16) 126.87

Flexion
Control 105.7 (28.56) 120.67 (21.87) 128.25 (24.08) 137.51 (19.96) 7.42

(26.6 to 21.4)
0.31

(214.5 to 15.2)
1.42

(214.5 to 17.3)
Intervention 117.43 (30.63) 141.02 (25.43) 139.14 (28.57) 148.52 (25.48)

SPADI
Control 43.03 (29.30) 27.98 (26.74) 18.57 (21.11) 14.90 (14.22) 25.05

(218.3 to 8.2)
0.41

(213.6 to 14.4)
6.21

(28.8 to 21.2)
Intervention 39.19 (24.76) 18.76 (17.51) 17.21 (22.31) 19.57 (27.14)

NDII
Control 45.19 (27.87) 63.54 (25.75) 72.63 (19.61) 79.56 (14.93) 20.56

(213.3 to 12.2)
21.51

(215 to 12)
28.43

(222.9 to 6)
Intervention 48.95 (22.50) 67.73 (19.89) 73.88 (24.33) 74.17 (24.69)

Abbreviations: CI, confidence interval; SPADI, Shoulder Pain and Disability Index; NDII, Neck Dissection Impairment Index.
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nonprogressive scapular strengthening exercises.13 How-
ever, the size of improvement in the SPADI of the inter-
vention group compared to the control group in this
study13 was small, being only 9.6 points different. It is
questionable as to whether this difference constituted a
magnitude to be considered clinically important. Given
the intensity associated with this particular study’s inter-
vention of 3 times per week for 12 weeks, there would
need to be a clinically important difference in order to
justify the intensity not only for the patient, but the
resources required with its delivery. Physical therapy in
the form of self-directed home-based exercises may be
more feasible in patients experiencing cancer and their
treatment effects, and may yield a similar outcome to
more demanding rehabilitation programs. Previous physi-
cal therapy studies14 investigating the effect of self-
management before our study have been greatly under-
powered and lack detail pertaining to the intervention
protocol.

There were some limitations to this study. As men-
tioned, it was likely to be underpowered at the 6 and 12-
month follow-up, with a substantial dropout rate. This is,
unfortunately, not uncommon with the head and neck
cancer population, who have a reasonably high mortality
rate.11 Second, ethically, it was not possible to deny the
control group participants physiotherapy at another site if
they so wished, because this is current usual care after
neck dissection in Australia. Physical therapy was inde-
pendently performed in the control group, so the compli-
ance with the brochure recommendations was unknown.
As such, the control group was somewhat heterogeneous,
as some participants received additional physiotherapy,
whereas others did not. Third, there are some limitations
of the outcome measures used. There have been reports
that the SPADI may not sufficiently measure recreational
and occupational disability,20 or account for volume or
change in activity. The NDII is specific to the neck can-
cer population, however, it does not separate shoulder
symptoms from neck symptoms. The GPES was a modi-
fied scale, and not directly replicated from other studies,
so it has questionable validity and reliability. Despite
these acknowledged limitations, both the SPADI and
NDII are the most utilized and rigorously tested region-
specific quality of life instruments in head and neck can-
cer survivors.36 Fourth, the method of collecting preva-
lence data meant that a large number of neck dissection
patients were not assessed, or were only assessed subjec-
tively. This may have had an impact on the accuracy of
the prevalence data obtained. It also meant that preva-
lence based on surgery type was not calculated. Analgesia
logs were self-reported. The completion rate by partici-
pants for this record was low, resulting in a limited ability
to draw inferences from the medication data. Analgesia
type and dosage is likely to influence the pain that is
reported. Further studies need to ensure that compliance
with pain medication logs is upheld, in order to factor
this into the outcomes obtained.

A recent surface electromyography study by the authors
demonstrated significantly less upper and middle trape-
zius dynamic muscle activity in patients affected with
accessory nerve shoulder dysfunction without accessory
neurotmesis after neck dissection, compared to their unaf-

fected side.37 For this reason, the basis of our intervention
was progressive trapezius, and accessory scapular muscle
strengthening exercises. One of the exclusion criteria of
this study were those patients who had undergone radical
neck dissection with accessory neurotmesis, as there is no
potential for nerve recovery, and, therefore, trapezius
muscle strengthening exercises are physiologically likely
to be ineffective.12

Reduced trapezius electromyography levels in the oper-
ated side are likely to mainly as a result from intraopera-
tive nerve injury of the accessory nerve. However,
adjuvant radiation therapy and poor levels of physical
deconditioning after neck dissection further reduce trape-
zius muscle activity. Radiation therapy causes soft tissue
scarring and fibrosis, so it would physiologically seem
plausible that this would reduce trapezius muscle fiber
contractility as well as negatively impact on accessory
nerve structure, as both are likely to be included in the
radiation field. Indeed, the effect of radiation therapy on
accessory nerve function and shoulder symptoms after
neck dissection is conflicting, with some studies reporting
radiation therapy to increase shoulder morbidity8 and
worsen spinal accessory nerve function,38 whereas other
studies show no additional effect of radiation ther-
apy.3,39,40 Unfortunately, the sample size was inadequate
to effectively subanalyze the effect of radiation therapy
on shoulder outcomes.

The intervention group was associated with greater
shoulder abduction range of motion compared to the con-
trol group at the 3-month follow-up. However, the inter-
vention may not be feasible for all patients to undertake,
given the commitment involved, particularly for those
patients undergoing radiation therapy. If immediate
improvement in shoulder abduction range of motion is
not required, then a brochure of shoulder and neck exer-
cises with appropriate advice is potentially of similar ben-
efit as to intensive progressive scapular strengthening
exercises.

CONCLUSION
Accessory nerve shoulder dysfunction may occur after

neck dissection, even when the nerve is intact. The prog-
nosis of the dysfunction is good over time, with gradual
improvement of shoulder pain, function, and region-
specific quality of life over a 12-month period. This study
illustrates a benefit for the performance of progressive
scapular strengthening exercises for the improvement in
abduction range of motion in the short term. The effect of
the intervention in the longer term is uncertain, mostly
because of the number of participants lost at the 6 and
12-month follow-up time points. Progressive scapular
strengthening is recommended for those patients who
need the return of shoulder elevation range of motion as
soon as possible, for occupational or recreational pur-
poses. Further physiotherapy studies may investigate the
feasibility and effectiveness of performing progressive
scapular strengthening exercises after radiation therapy,
compared to during radiation therapy.
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