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BACKGROUND. Shoulder pain and disability are well recognized complications
associated with surgery for head and neck cancer. This study was designed to
examine the effects of progressive resistance exercise training (PRET) on upper
extremity pain and dysfunction in postsurgical head and neck cancer survivors.
METHODS. Fifty-two head and neck cancer survivors were assigned randomly to
PRET (n = 27) or a standardized therapeutic exercise protocol (TP) (n = 25) for
12 weeks. The primary endpoint was change in patient-rated shoulder pain and
disability from baseline to postintervention. Secondary endpoints were upper
extremity strength and endurance, range of motion, fatigue, and quality of life.
RESULTS. Follow-up assessment for the primary outcome was 92%, and adher-
ence to the supervised PRET and TP programs were 95% and 87%, respectively.
On the basis of intention-to-treat analyses, PRET was superior to TP for improv-
ing shoulder pain and disability (—9.6; 95% confidence interval [95% CI], —16.4
to —4.5; P =.001), upper extremity strength (+10.8 kg 95% CI, 5.4-16.2 kg;
P <.001), and upper extremity endurance (+194 repetitions X kg; 95% CI, 10-378
repetitions X kg; P =.039). Changes in neck dissection impairment, fatigue, and
quality of life favored the PRET group but did not reach statistical significance.
CONCLUSIONS. The PRET program significantly reduced shoulder pain and dis-
ability and improved upper extremity muscular strength and endurance in head
and neck cancer survivors who had shoulder dysfunction because of spinal
accessory nerve damage. Clinicians should consider the addition of PRET in the
rehabilitation of postsurgical head and neck cancer survivors. Cancer
2008;113:214-22. © 2008 American Cancer Society.

KEYWORDS: head and neck cancer, spinal accessory nerve, shoulder, pain, qual-
ity of life, exercise, physical therapy.

houlder dysfunction is a well recognized complication after neck

dissection procedures and a major concern in the long-term qual-
ity of life of head and neck cancer (HNC) survivors. It is believed that
impairment in shoulder function results from damage to or resection
of the spinal accessory nerve and the ensuing denervation of the tra-
pezius muscle.! Although neck dissection procedures that preserve
the spinal accessory nerve currently are more common, a variable
degree of shoulder dysfunction still occurs in 20% to 60% of patients.?
More recent evidence suggests that shoulder pain and dysfunction
cannot be attributed solely to spinal accessory neurapraxia and neu-
rotmesis.’ Symptoms that occur after nerve-sparing procedures may
be complicated by neuropathic pain in the neck and by the presence
of secondary effects in the shoulder, such as adhesive capsulitis, and
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myofascial pain in the upper trapezius, levator scapu-
lae, and rhomboid muscles.>*

HNC survivors who have undergone neck dissec-
tion have increased risk for disability from their can-
cer and/or cancer treatment.” To our knowledge to
date, however, few physical therapy intervention stu-
dies have been performed with the intent to reduce
pain and disability in HNC survivors. In 2002, we
conducted a pilot study to evaluate the feasibility of
progressive resistance exercise training (PRET) for
shoulder dysfunction because of spinal accessory
neurapraxia/neurectomy in patients with HNC.® The
pilot study demonstrated a high rate of follow-up
assessment (85%) and excellent adherence to the
PRET program (93%) with preliminary evidence of an
efficacy benefit for patient-rated shoulder pain and
disability.

Here, we report the results of our efficacy trial
comparing a PRET program with a standardized
therapeutic exercise protocol (TP) for upper extrem-
ity pain and dysfunction in postsurgical HNC survi-
vors. We hypothesized that the PRET program would
enhance muscular strength and endurance of the
scapular muscles and reduce patient-rated shoulder
pain and disability compared with TP.

MATERIALS AND METHODS

Setting and Participant

The trial was conducted at the Cross Cancer Institute
and University of Alberta in Edmonton, Canada. Ap-
proval for the study was received from the Health
Research Ethics Board of the University of Alberta
and the Research Ethics Committee of the Alberta
Cancer Board. All participants were diagnosed with
carcinoma in the head and neck region that had
been managed by definitive surgical resection. Elig-
ibility criteria also included 1) surgical treatment,
including radical neck dissection, modified radical
neck dissection, and other variants of selective neck
dissection; 2) Karnofsky performance status >60%"%;
3) no evidence of residual cancer in the neck and no
distant (M0) metastasis; and 4) completion of adju-
vant HNC treatment. Participants also were required
to present with symptoms of shoulder dysfunction
attributed to spinal accessory nerve damage.
Shoulder dysfunction because of spinal accessory
nerve dysfunction was assumed if the participant
presented with >3 of the following signs: atrophy of
the upper trapezius muscle, shoulder droop, scapular
malalignment (including lateral drift and rotation of
the scapula), winging of the scapula with elevation of
the arm, and limitation in shoulder abduction range
of motion (ROM).
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Participants were ineligible if they presented
with 1) a history of shoulder or neck pathology unre-
lated to cancer treatment or 2) comorbid medical ill-
ness or psychiatric illness that would prevent
completion of treatment or interfere with follow-up.
Eligible participants were required to provide
informed consent.

Experimental Design and Recruitment

The study was a prospective, randomized, controlled
trial. Potential participants were recruited by using 2
methods. The Alberta Cancer Registry identified HNC
survivors who lived within the region. The survivor’s
oncologist or surgeon was contacted to approve the
survivor for potential participation in the study. A
recruitment letter was mailed to the approved survi-
vor that invited them to participate in the study.
Potential participants also were identified by their
surgeon or oncologist through otolaryngology head
and neck follow-up clinics.

Randomization and Blinding

Eligible participants were stratified by tumor location
(oral/oropharynx vs hypopharynx/larynx vs thyroid)
and type of neck dissection (radical neck dissection
vs modified radical neck dissection/variants of selec-
tive neck dissection) to control for potential differ-
ences in quality of life and recovery among HNC
survivors. Participants were assigned randomly to TP
or PRET after baseline testing. An independent
researcher generated the allocation sequence by
using a computer-generated code. A block permuta-
tion procedure was used to generate the allocation
sequence within each stratum. The allocation
sequence and contents of the envelopes were
enclosed in sequentially numbered and sealed
(opaque) envelopes. The allocation sequence and
contents of the envelopes were concealed from all
study personnel. Independent assessors who were
blinded to group assignment performed the ROM
and strength and endurance tests.

Interventions

All participants were asked to attend a minimum of
2 supervised sessions per week (with the option of a
third session at the center or at home) for the 12-
week intervention period. Both TP and PRET sessions
took place at the Behavioral Medicine Fitness Centre
at the University of Alberta and were administered
by a physical therapist with experience working with
HNC survivors (M.L.M.).
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Standardized Therapeutic Exercise Group

Participants who were randomized to the TP group
were provided with a therapeutic exercise treatment
protocol for the 12-week period. TP was used as the
comparison intervention in this study, because it
represents the current standard of care at our center.
The therapeutic exercise protocol consists of super-
vised active and passive ROM/stretching exercises,
postural exercises, and basic strengthening exercises
with light weights (1-5 kg) and elastic resistance
bands. The specific strengthening exercises focused
on the following muscle groups: rhomboids/middle
trapezius; levator scapula/upper trapezius; biceps;
and triceps, deltoid, and pectoralis major. For partici-
pants who had recovery of active trapezius muscle
function, specific exercises to target the trapezius
muscle were introduced between Weeks 6 and 8 of
the intervention.

Progressive Resistance Exercise Training Group
Participants who were randomized to the PRET
group received the same active and passive ROM/
stretching exercises and postural exercises as the TP
group. The PRET program replaced the basic
strengthening exercises of the TP protocol and was
performed for the same muscle groups as the TP
protocol. However, the PRET protocol was tailored to
each survivor based on baseline testing results and
was prescribed with the intent to provide progressive
overload to the specific muscle groups. The program
consisted of 2 sets of 10 to 15 repetitions of 5 to 8
exercises, starting at 25% to 30% of their 1-repetition
maximum (1-RM) strength and slowly progressing to
60% to 70% of their 1-RM strength by the end of the
intervention period. Guidelines for exercise perform-
ance included maintenance of proper posture and
scapular stability (eg, no winging of scapula) and a
rating of perceived exertion on the Borg scale of no
greater than 13 to 15 of 20 (described as “somewhat
hard” to “hard”).® The response to exercise in terms
of postexercise pain and muscle soreness was
recorded on the training log at the subsequent exer-
cise session, and the prescription was modified as
necessary. The resistance weight was increased by
1 kg to 2.5 kg once the participant was able to com-
plete 2 sets of 15 repetitions with proper form.
Details of the PRET protocol have been published
previously.®

Assessment of Primary and Secondary Endpoints

Patient-rated and objectively measured outcomes
were assessed at baseline and postintervention. The
primary outcome was change in patient-rated
shoulder pain and disability from baseline to postin-

tervention using the Shoulder Pain and Disability
Index (SPADI),'° which is a valid and reliable instru-
ment that reflects the pain and disability associated
with the clinical syndrome of a painful shoulder.'!
Scores for the pain and disability subscales range
from 0 to 100, with higher scores indicating greater
impairment. The total SPADI score is calculated by
averaging the Pain and Disability subscale scores.

Muscular strength of the upper extremity was
assessed by a 1-RM test for the seated row and the
chest press. Each upper extremity (right and left) was
tested individually (1-arm test) followed by testing of
both extremities (2-arm test). If participants pre-
sented with impairments in both shoulders as a
result of undergoing bilateral neck dissection, then
they were asked to identify their most ‘problematic
shoulder’ for the purpose of analyzing shoulder out-
comes. Muscular endurance was assessed by using a
submaximal seated row test. The weight for this test
was set at 50% of the individual’s baseline 1-RM
weight, and the test was performed at a cadence of
22 repetitions per minute (set by a metronome). The
maximum number of repetitions performed before
falling behind the required cadence was recorded.
The same resistance weight (50% of baseline 1-RM)
was used for the endurance test at the postinterven-
tion test. Muscular endurance scores were calculated
by multiplying the weight in kilograms by the num-
ber of repetitions completed.

The measurement of shoulder ROM was per-
formed by using a universal goniometer according to
standardized procedures.'”? Active shoulder move-
ments included forward flexion, abduction, and
external rotation. Passive shoulder movements
included forward flexion, abduction, external rota-
tion, and horizontal abduction.

Quality of life and fatigue were assessed by using
the Functional Assessment of Cancer Therapy-Ane-
mia (FACT-An) scale.'®'* The FACT-An is a valid and
reliable cancer-specific quality-of-life instrument that
consists of a 27-item core to which a 20-item fatigue-
and anemia-specific subscale is added. The Neck
Dissection Impairment Index (NDII) was used to
assess treatment-specific quality of life. The NDII is
a valid and reliable instrument for assessing neck
dissection impairment. Individual items from the 10-
question NDII are scored from 1 (a lot) to 5 (not at
all), and higher scores represent less impairment.'®
The total NDII score is scaled to a 100-point cumula-
tive score.

Covariates, Adherence, and Adverse Events
Demographic and behavioral data were collected by
self-report, and medical data were abstracted from



records. The physical therapist monitored adherence
and adverse events.

Sample Size

The sample size was calculated based on the mean
difference between groups in change scores from
baseline to postintervention on the primary outcome.
The effect size was determined from the results of
the pilot study, in which the mean difference
between PRET and TP groups in the SPADI score was
14.5 with a standard deviation of 20 (effect size,
0.73). The required sample size for the study was
approximately 60 participants or 30 participants per
group to detect a moderate to large standardized dif-
ference (effect size, 0.75) in the primary outcome.

Analysis Plan

Baseline characteristics and adverse events of the 2
groups were compared by using the independent-
samples Student ¢ test for continuous data and the
Pearson chi-square test for categoric data. Primary
analysis used the independent samples ¢ test to com-
pare change scores between groups in outcomes
from baseline to postintervention. Intention-to-treat
analyses were conducted on all randomized partici-
pants by using baseline-observation-carried-forward
analysis. Adjusted analyses controlled for baseline
values of the outcome, age, sex, cancer stage, time
since surgery, neck dissection type, and pain medica-
tion use. Probability levels <.05 (2-tailed) were
accepted as significant.

RESULTS

Recruitment began October 1, 2005 and ended Octo-
ber 31, 2006 (Fig. 1). Fifteen of 45 eligible partici-
pants (33%) were recruited through the mailed letter
of invitation. The estimated accrual rate from otolar-
yngology/head and neck follow-up clinics was 37 of
65 potentially eligible participants (57%). Of the
patients who contacted the study coordinator, the
most common reason for refusal was too busy
(n = 5 participants). Recruitment of patients was
stopped early at 52 participants to allow completion
of the trial within the funding period.

The groups were balanced at baseline (Table 1).
There was a wide range in the time from surgery to
entry into the study (range, 2-180 months), and 3
participants were long-term survivors (>60 months).
However, there were no significant differences
between the groups in the time from surgery
(P =.384). Full 12-week data were obtained on 46 of
52 participants (88%) and did not differ by group
(P =.995). One participant in the PRET group with-
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drew because of a soft-tissue injury as a result of
exercise participation. One participant (PRET group)
was hospitalized for acute cholecystitis and, while
hospitalized, suffered a stroke (unrelated to exercise
participation). Two participants in the TP group
withdrew because of cancer recurrence. Two partici-
pants were unable to perform the physical testing
component at the end of the intervention period
because of health concerns unrelated to study parti-
cipation (1 participant in the PRET group underwent
abdominal surgery for colon cancer and 1 participant
in the TP group was under evaluation for cardiac dis-
ease). The TP group and the PRET group attended
87% and 95% of their 24 supervised physical therapy
sessions, respectively. Three participants in the TP
group continued with their usual exercises at home
during the 12-week intervention period.

Changes in Patient-rated Outcomes

The overall SPADI score decreased by 14.1 in the
PRET group compared with a decrease of 4.8 in the
TP group (adjusted: —9.6; 95% confidence interval
[95% CI], —16.4 to —4.5; P =.001) (Fig. 2). Scores on
the Pain subscale decreased by 16.4 in the PRET
group and by 2.2 in the TP group (adjusted: —16.4;
95% CI, —21.3 to —4.4; P =.004) (Fig. 3). The Dis-
ability score decreased by 11.8 in the PRET group
and by 7.4 in the TP group and was statistically
significant after adjusting for relevant baseline
variables (—9.6; 95% CI, —13 to —2.5; P =.005)
(Table 2). All other changes in patient-rated out-
comes favored the PRET group but did not reach
statistical significance (Table 2).

Changes in Objectively Measured Outcomes

PRET was superior to TP for all strength endpoints
(Table 3). Muscular endurance, as assessed by a
standard load test, was improved significantly in the
PRET group compared with the TP group (+194;
95% CI, 10-378; P =.039). Results for ROM measure-
ments favored the PRET group with active external
rotation ROM (+13; 95% CI, 6.5-20; P <.001) and
passive abduction ROM (+8; 95% CI, 1-15; P =.029)
reaching statistical significance after adjusting for rel-
evant baseline variables.

Associations Among Objective Measures and
Patient-rated Outcomes

Improvement in muscular strength was associated
significantly with reduction in the SPADI total score
(correlation coefficient [r] = —.35; P =.011) and in
the Pain subscale score (r = —.42; P =.002), but not
in the Disability subscale score (r = —.14; P =.319).
Improvement in muscular endurance also was
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Mail out recruitment:
190 charts screened for cligibility

Head and neck survivors excluded
142 did not meet eligibility criteria
57 no neck dissection

8 metastatic/ palliative

6 other cancer

21 serious comorbidities

50 other: deccased, moved out of region,
on treatment, not approved for contact, no

48 survivors mailed a letter
of invitation

current address

»| 2 wrong address

27 did not respond

I moved out-of-region

39 participants referred (rom follow-
up clinics

18 partici
invitation
rate)

pants responded to
(18/45 = 40% response

2 participants declined: too busy

—b‘ 3 participants declined: too busy

25 assigned o TP group

23 asscssed at posttest for sclf-report outcomes
22 assessed at posttest for strength and ROM
outcomes

25 included in analysis

52 Head and Neck/ Thyroid Cancer
Survivors Randomized
(37 from clinic; 15 from mail-out)

27 assigned to PRET group

25 assessed at posttest for self-report
outcomes
24 assessed at posttest for strength and ROM

27 included in analysis

FIGURE 1. Flow of participants through the trial. TP indicates standardized therapeutic exercise protocol; PRET, progressive resistance exercise training;

ROM, range of motion.

associated significantly with reduction in the SPADI
score (r = —.29; P =.037) and the in Pain subscale
score (r = —.35; P =.010). Improvement in abduc-
tion ROM was associated with reduction in the Dis-
ability subscale score (r = —.28; P =.046).

Adverse Events

One participant in the PRET program experienced
increased pain as a result of soft-tissue injury to the
scapular region. Despite changes to the exercise pro-
gram, the participant continued to experience
increased pain after sessions and elected to withdraw
from the study.

DISCUSSION

The major novel finding of the trial was that the
PRET program had a beneficial effect on shoulder
pain. The standardized effect size of d = .84 repre-
sents a large effect on pain'® and the percentage
reduction in pain of 52% in the PRET group exceeds
the 30% to 50% reduction in pain for patient-per-
ceived improvement.'”'® The improvement in pain
was associated with increases in upper extremity
strength and endurance. The findings are consistent
with the hypothesis that reductions in pain may be
mediated by improvements in muscular strength and
endurance. It is believed that pain is secondary to
trapezius muscle atrophy, which leads to the



TABLE 1
Baseline Demographic, Medical, and Behavioral Profile of Participants
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No. of participants (%)

Variable Overall (n=52) TP (n=25) PRET (n=27) P
Demographic profile
Mean age [rangel, y 52 [32-76] 57 [43-76] 53 [32-76] 092
Women 15 (29) 8 (32) 7 (26) 762
Married 35 (67) 18 (72) 17 (63) 625
Completed university 26 (50) 14 (56) 12 (44) 701
Income >$80,000/y 21 (40) 12 (48) 9(33) 401
On disability 20 (38) 9 (36) 11 (41) 574
Median time from surgery [range], mo 15 [2-180] 17 [2-180] 12 [2-120] 384
<9 mo 22 (42) 10 (40) 11 (41)
9-17 mo 8 (15) 4 (16) 4 (15)
>18 mo 23 (44) 11 (44) 12 (23) 993
Medical profile
Diagnosis 537
Oral/oropharynx 32 (62) 16 (64) 16 (59)
Larynx/hypopharynx 12 (23) 6 (24) 6(22)
Thyroid 24 1(4) 1(4)
Other* 6(12) 2(8) 4 (15)
Disease stage 254
I 3(6) 1(4) 2(7)
Il 6(12) 3(12) 3(11)
I 12 (23) 3(12) 9(33)
v 30 (58) 18 (72) 12 (44)
Bilateral neck dissection 40 (77) 18 (72) 22 (81) 517
Neck dissection type 520
RND 9(17) 5 (20) 4(15)
MND: SCM sacrificed 5(10) 1(4) 4 (15)
MND to Level 5 20 (38) 11 (44) 9(33)
SND (Level 5 spared) 18 (35) 8 (32) 10 (37)
Radiation therapy 445
Bilateral neck 37 (71) 15 (60) 22 (81)
IMRT protocol 5 (10) 4 (16) 1(4)
Unilateral neck 24 14 14
Chemotherapy protocol 668
Cisplatin 9(17) 4 (16) 5(19)
Carboplatin 3(6) 1(4) 2(7)
Carboplatin/cisplatin plus 5FU 24 14 14
Pain medication
Daily narcotic medication 12 (23) 7 (28) 5(19) 315
Behavioral profile
Current exerciser’ 4 (16) 4(15) 603
Current smoker 1(4) 5(19) 618
Current regular drinker 3(6) 1(4) 2N 494

TP indicates standardized therapeutic exercise protocol; PRET, progressive resistance exercise training; RND, radical neck dissection; MND, modified radical neck dissection; SCM, sternocleidomastiod muscle;

SND, selective neck dissection; IMRT, intensity-modulated radiotherapy; 5FU, 5-fluouracil.
* Parotid (n = 2), sarcoma mandible (n = 2), and unknown primary (n = 2).
T Current exerciser, >150 minutes of moderate-strenuous exercise per week.

downward and lateral displacement of the scapula
and droop of the shoulder.'® Increased strength of
the scapular muscles may alleviate pain by improv-
ing the positioning of the scapula and, thus, the
mechanics of the shoulder complex.

There was a significant difference in favor of
PRET for overall SPADI score. The decrease in overall

pain and disability of —9.6% in favor of the PRET
group met the minimal clinically important difference
(MCID), or the smallest difference of importance to
clinicians and patients, for the SPADI scale.?® A signif-
icant difference in the Disability subscale score in
favor of the PRET group also was observed after
adjusting for baseline differences, suggesting greater
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Shoulder Pain and Disability Index

60
50 4
40 A
30 4
20 4
10 4
0+ T 1
TP PRET
Group

m Baseline
O Post Intervention

Index Score

* p =0.001

FIGURE 2. Shoulder pain and disability index: baseline and postinterven-
tion scores. TP indicates standardized therapeutic exercise protocol; PRET,
progressive resistance exercise training.

TABLE 2

Pain Subscale

70 4
60 |

40 - H Baseline
30 A o Post Intervention
20
10 4
0 T
TP PRET

Pain Score

*p=0.004
Group

FIGURE 3. Pain subscale: baseline and postintervention scores. TP indi-
cates standardized therapeutic exercise protocol; PRET, progressive resist-
ance exercise training.

Effects of Progressive Resistance Exercise Training on Patient-rated Disability and Quality of Life Measures

Mean (SD) Group differences in mean change: mean [95% CI|

Variable Baseline Postintervention Mean Change Unadjusted P Adjusted* P
SPADI Disability subscale

TP (n=25) 23.6 (22.6) 16.1 (14.6) -74 (16.9)

PRET (n=27) 19.6 (18.8) 7.6 (10.1) -11.8 (15.3) -42 [-133 10 4.7] 337 =9.6 [-13 to —2.5] .005
NDII

TP (n=25) 52.2 (21.8) 60.2 (21.9) +8 (13.4)

PRET (n=27) 55.8 (20.9) 68.6 (22) +12.8 (17.5) +4.8 [-3.9 to 13.5] 278 +4.8 [-4 to 13.6] 278
FACT-An (score, 0-188)

TP (n=25) 130.6 (30.9) 134.4 (34) +3.9 (10)

PRET (n=27) 133.9 (23.8) 142.4 (27) +8.5 (19.3) +4.6 [-4.0 to 13.3] 287 +6.5 [-2.9 to 15.9] 147
FACT-G (score, 0-108)

TP (n=25) 76.4 (18.4) 78.1 (19.3) +1.7 (6.9)

PRET (n=27) 794 (13.7) 83.9 (15.6) +4.4 (10.6) +2.7[-231t07.7] 287 +4.5 [-0.7 t0 9.7] 091
Fatigue subscale (score, 0-52)

TP (n=25) 32.7 (11) 343 (11.1) +1.6 (5.6)

PRET (n=27) 335 (9.7) 36.7 (9) +3.1(9) +1.5 [-2.7 t0 5.7] A78 +1.4 [-3.1t0 5.8] .540

SD indicates standard deviation; 95% CI, 95% confidence interval; SPADI, Shoulder Pain and Disability Index; TP, standardized therapeutic exercise protocol; PRET, progressive resistance exercise training;
NDIJ, Neck Dissection Impairment Index; FACT-An, Functional Assessment of Cancer Therapy-Anemia. FACT-G, Functional Assessment of Cancer Therapy-General.
* Adjusted for baseline value, age, sex, cancer stage, time since surgery (category), neck dissection type, and pain medication use.

benefit from PRET in shoulder disability as well as
pain. Positive effects of PRET were observed in both
active and passive ROM. Larger effects were observed
consistently in the PRET group, and the data suggest
that even ROM may be improved to a greater degree
in PRET compared with TP.

Although the current study did not detect a dif-
ference in quality of life, there was a trend in favor
of the PRET group that approached the MCID of 7
points on the FACT-An and exceeded the 4-point
MCID on the FACT General (FACT-G) instrument

after adjusting for relevant baseline variables. A
recent meta-analysis examining exercise interven-
tions for breast cancer survivors reported a signifi-
cant improvement on the FACT-G scale of 4.6
points.*! This finding in the HNC population sug-
gests a potential efficacy benefit in quality of life
from PRET that warrants further research with a
larger sample of HNC survivors.

NDII standardized score improved in both groups
and favored the PRET group but did not reach statisti-
cal significance. The NDII examines the impact of
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Effects of Progressive Resistance Exercise Training on Muscular Strength and Endurance

Mean (SD) Group differences in mean change: mean [95% CI]
Variable Baseline Postintervention Mean change Unadjusted p Adjusted* P
1 RM 2-arm
Seated row, kg
TP (n=25) 35.2 (20.6) 41.3 (23.1) +5.5 (7.9)
PRET (n=27) 439 (17.9) 60.2 (21.1) +16.3 (11.1) +10.9 [5.5-16.3] <.001 +10.8 [5.4-16.2] <.001
Chest press, kg
TP (n=25) 30.0 (16.8) 37.0 21.1) +7.1 (10)
PRET (n=27) 35.4 (14.7) 51.4 (20.6) +16.0 (12.5) +8.9 [2.6-15.2] .007 +7.3 [0.8-13.8] .029
1 RM affected shoulder
Seated row, kg
TP (n=25) 17.1 (10.4) 20.6 (11.1) +3.6 (4.7)
PRET (n=27) 19.7 (8.8) 276 (10.3) +7.9 (5.2) +4.3 [1.5-7.1] .003 +4.2 [1.4-7.1] .004
Chest press, kg
TP (n=25) 15.1 (8.9) 17.5 (9.8) +2.3 (4.6)
PRET (n=27) 16.2 (7.9) 24.0 (10.7) +7.8 (6.2) +5.5 [2.4-8.5] .001 +4.8 [1.7-7.9] .003
Standard load, reps X kg
Endurance test
TP (n=25) 469 (313) 712 (415) +243 (325)
PRET (n=27) 567 (267) 1032 (432) +466 (324) +223 [42-403] 017 +194 [10-378] 039

SD indicates standard deviation; 95% CI, 95% confidence interval; 1 RM, 1 repetition maximum strength; TP, standardized therapeutic exercise protocol; PRET, progressive resistance exercise training; reps,

repetitions.

* Adjusted for baseline value, age, sex, cancer stage, time since surgery (category); neck dissection type, and pain medication use.

neck dissection on activities beyond those of just daily
living and includes items related to work and recrea-
tional activities; however, the instrument does not
separate shoulder symptoms from neck symptoms.
The shoulder-specific PRET program may have some
potential benefit beyond TP for work and recreational
activities that requires further investigation.

The PRET prescription for this study focused on
strengthening the scapular muscles to optimize
shoulder alignment and posture. The resistance
training protocol was prescribed with the resistance
weight starting at 25% to 30% of 1-RM, whereas
other studies in cancer patients have prescribed re-
sistance exercise training starting at 60% to 85% of 1-
RM.?*?3 Despite the more conservative approach, the
strength gains of 37% to 48% from the PRET program
compare favorably with the reported gains of 30% to
45% in upper extremity strength from a previous 12-
week study in breast cancer survivors.”

The fact that both groups received an interven-
tion with an exercise component allowed us to con-
trol for potential nonspecific intervention factors,
such as social interaction with the therapist, expecta-
tion of benefit, and a sense of accomplishment,
which may confound patient-rated outcomes in less
optimally controlled trials. Other study strengths
included blinded evaluation of outcomes, intention-

to-treat analysis, limited loss-to-follow-up, and excel-
lent adherence comparable to other cancer trials.

A potential limitation of the study was that the
treatments for both groups were administered by the
first author (M.L.M.). However, we believed that it
was important to have the same physical therapist
provide treatments to both groups to ensure continu-
ity and consistency in the delivery of the treatment
protocol.

A limitation in our study was the wide range in
time from surgery among participants. The results of
the study may have been limited by long-term survi-
vors with deficits refractory to TP that focused pri-
marily on active and passive ROM and basic
strengthening exercises. Further research is needed
examining PRET in specific stages in the recovery
process after surgery.

We also did not differentiate between location
and type of pain in the study participants. Therefore,
we do not know whether our intervention resulted in
positive effects for the differing presentations of pain
that occur in HNC survivors, such as neuropathic
pain in the neck region. Moreover, we did not
attempt to characterize differential involvement of
the upper, middle, and lower trapezius, which may
affect the HNC survivor’s clinical presentation and
response to treatment. The rate of bilateral neck
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dissection was high in our cohort; however, a limited
neck dissection was performed on the contralateral
side almost exclusively, with minimal morbidity. The
therapeutic effect of PRET, however, may be more
modest in cohorts that undergo fewer bilateral
procedures.

In summary, the current trial demonstrated im-
portant improvements in shoulder pain and disabil-
ity, upper extremity strength, and movement in HNC
survivors after neck dissection. The addition of PRET
should be considered in the rehabilitation of HNC
survivors.
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