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ORIGINAL ARTICLE

Association between Shoulder Dysfunction and Concomitant
Neck Disability in Patients with Shoulder Disorders

Mizuki Fujiwara, MS, RPT *P, Kensuke Oba, PhD, RPT ©¢ and Kazuaki Suzuki, PhD, MD ¢

Objectives: This study aimed to investigate the impact of shoulder dysfunction on concomitant
neck disability in patients with shoulder disorders. Methods: The participants were patients with
subacromial impingement syndrome (SIS) and frozen shoulder (FS). Twenty patients with SIS
and 21 with FS without cervical radiculopathy were enrolled. The participants were assessed for
the 4-week prevalence of neck pain, Neck Disability Index (NDI), shoulder strength and range of
motion, a short version of the Disabilities of the Arm, Shoulder, and Hand questionnaire (quick-
DASH), and the Pain Catastrophizing Scale (PCS). Results: The 4-week prevalence of neck pain
was 12 out of 20 (60%) in patients with SIS and 13 out of 21 (62%) in patients with FS. The median
NDIs were 13 and 12 for SIS and FS, respectively, with no statistically significant difference.
About 41% (17/41) of the participants displayed an NDI greater than the cutoff value for disability
in daily living. Although shoulder abduction strength correlated with the NDI in patients with
SIS, the PCS score correlated with the NDI in patients with FS. Conclusions: Concomitant neck
disability is a critical concern for patients with shoulder disorders. The clinical factors related to
concomitant neck disability differ between SIS and FS, with specific interventions recommended

for each condition.

Key Words: frozen shoulder; neck disability; neck pain; Pain Catastrophizing Scale; subacromial

impingement syndrome

INTRODUCTION

Neck and shoulder pain is a common musculoskeletal
problem. An epidemiologic survey in Japan found that neck
and shoulder pain accounts for 55% of total chronic pain.”
High-intensity neck and shoulder pain leads to long-term
absenteeism from work.? In Sweden, neck and shoulder
problems have been reported to account for 18% of disability
payments.? Therefore, appropriate neck and shoulder pain
management is important to maintain social activities and
reduce healthcare costs.

Although clinical research has primarily focused on indi-
vidual bone joints, the relationship between joints of the neck

and shoulder has also been a topic of discussion for some
time.? Cervical radiculopathy, a common condition, leads to
shoulder disability through neurological pathways.> Various
clinical tests have been developed to differentiate cervical
radiculopathy from other shoulder disorders.) Conversely,
neck disability may be caused by primary shoulder disorders
such as subacromial impingement syndrome (SIS) and fro-
zen shoulder (FS). However, the relationship between spe-
cific shoulder dysfunction and concomitant neck disability
in patients with SIS and FS can only be discussed based on
indirect evidence.

Overactivity of the upper trapezius is a candidate for the
cause of concomitant neck disability in primary shoulder
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disorders. In Japan, pain related to the upper trapezius
muscle is referred to as katakori.®) Upper trapezius overac-
tivity is observed in patients with chronic neck pain when
they perform tasks with the upper extremities.” Similarly,
overactivity of the upper trapezius occurs in SIS and FS
patients to compensate for shoulder function.®” The upper
trapezius elevates the scapula and can compensate for a defi-
ciency of the glenohumeral range of motion (ROM) through
a shoulder-shrugging motion.!” In addition, the upper tra-
pezius can prevent narrowing of the subacromial space by
working against hypermigration of the humeral head caused
by rotator cuff dysfunction. Therefore, shoulder dysfunction,
such as ROM restriction and weakened rotator cuff muscles,
can be associated with concomitant neck disability.

Patients with SIS show upper and lower trapezius muscle
imbalances and abnormal scapula movement,” and severe
contracture in the glenohumeral joint is rare. In contrast,
patients with FS experience severe ROM restrictions, which
impair activities of daily living.!) Therefore, if there is a
relationship between shoulder disability and neck disability,
patients with FS would show more severe shoulder and neck
disabilities than patients with SIS.

In addition to the effects of skeletal function relationships,
both shoulder and neck pain are influenced by psychosocial
factors such as pain catastrophizing.'>!'? Therefore, psycho-
social factors should be evaluated along with shoulder func-
tion to determine its impact on concomitant neck disability
in shoulder disorders. In this study, the Pain Catastrophizing
Scale (PCS) was used to assess psychosocial factors. PCS
has been widely applied to orthopedic conditions, including
shoulder, neck, knee, and hand pathologies, with higher PCS
scores often correlating with poorer outcomes.!>)

The purpose of this study was to reveal the underlying
shoulder dysfunction influencing concomitant neck disabil-
ity to help update approaches to neck and shoulder rehabili-
tation. To achieve these objectives, psychosocial status was
also considered in this study. We hypothesized that neck dis-
ability is associated with shoulder dysfunction, particularly
ROM restriction, and is more severely impaired in patients
with FS than in patients with SIS.

MATERIALS AND METHODS

Participants

This cross-sectional observational study was conducted at
a single institution between May 2022 and September 2023.
The study participants were patients who presented with a
shoulder joint complaint to the outpatient department of our

hospital. A medical doctor specializing in shoulder joint or-
thopedics made the final decision regarding enrollment and
group classification of each patient. The inclusion criteria of
each diagnostic group were defined by referring to previous
studies.'®"'® We used the following inclusion criteria for FS:
age, 40 years or older; passive flexion ROM, 130° or less;
passive external rotation ROM, 50% of the contralateral
side or less; disease duration, 1 month or longer; and no
radiographic abnormality. We used the following inclusion
criteria for SIS: age, 40 years or older; positive test in at least
two of the three SIS tests, Neer test, Hawkins-Kennedy test,
and Painful-arc test'?; disease duration, 1 month or longer;
absence of a full-thickness rotator cuff tear confirmed by
magnetic resonance imaging”?; and failure to meet ROM
criteria for FS. The following exclusion criteria were applied:
positive test in either or both of two special tests for cervical
radiculopathy (Spurling test and/or Arm Squeeze test),>">?
traumatic onset, and history of shoulder fracture or neck
fracture or surgery. The required sample size was calcu-
lated using G*Power software (version 3.1; Heinrich Heine-
University, Diisseldorf, Germany) for the Mann—Whitney U
test between SIS and FS with an o error=0.05, power=0.8,
and effect size=1.00. The effect size was calculated assum-
ing that the difference in scores of Neck Disability Index
(NDI) between patients with FS and SIS was equivalent to
the difference in the NDI of the general population with neck
pain that interferes with daily life and those without.”® The
minimum sample size for the NDI comparison between SIS
and FS was calculated to be 14 participants for each group.
Of 62 patients, 54 met either FS or SIS criteria. Then, 13
patients were excluded (4 for cervical radiculopathy, 6 for
full-thickness rotator cuff tear, and 3 for traumatic onset).
After screening for exclusion, 21 FS patients and 20 SIS
patients were enrolled in this study. This study was approved
by the Institutional Review Board of JR Sendai Hospital
(IRB Approval Number: 2022—-175). After being informed
of the details of the study, the participants provided written
informed consent. All the study procedures were conducted
according to the principles of the Declaration of Helsinki.

Shoulder Function

Shoulder ROMs of flexion, abduction, external rotation,
and hand behind the back were measured with a goniometer.
Shoulder flexion was measured as the angle between the
humerus and a vertical line in the coronal plane when the
participant raised their hand in the sagittal plane with the
elbow extended. Shoulder abduction was measured as the
angle between the humerus and a vertical line in the sagittal
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plane when the participant raised their hand in the coronal
plane. External rotation ROM was measured with 90° elbow
flexion and arm at the side, defined as the angle between the
forearm and a horizontal line in the transverse plane when
the participant moved their arm outward. The hand behind
the back ROM was measured as the highest vertebral level
reached by the extended thumb.

The shoulder strength of external and internal rotation
and abduction in the scapular plane was assessed with a
handheld dynamometer (p-Tas F1, OG Wellness Company,
Okayama, Japan) in the seated position as described previ-
ously. Internal and external rotation strength was measured
with the arm at the side, neutral rotation, and elbow flexion
of 90°. A sensor was placed proximally to the ulnar styloid
process, and a towel was placed between the arm and thorax.
Abduction strength was measured in the plane of the scapula
at 45° of abduction. A sensor was placed on the insertion of
the deltoid on the humerus. Participants were instructed to
gradually exert maximum force for over 5 s to avoid acute
pain. If compensatory movements of the scapula or trunk
were confirmed, an additional measurement was conducted
after instruction. The highest measurement of three succes-
sive measurements was recorded.

Patient Reported Outcomes

All participants were asked about episodes of neck pain
during the previous 4 weeks. A diagram with the neck region
shaded (Fig. 1) to define the location of neck pain was used
as previously described.” Neck disability was assessed
using the NDI, which is based on a ten-item questionnaire.
Each item is assessed on a scale of 0 to 5, where 0O indicates
no disability and 5 indicates severe disability. Either the total
score out of 50 or the percentage score, which doubles the
total score, is used for the outcome. In this study, percentage
scores were used according to a previous study, in which a
percentage NDI of 15% was defined as the cutoff value for
predicting neck pain interfering with daily life.> A short
version of the Disabilities of the Arm, Shoulder, and Hand
questionnaire (quick-DASH) was used to evaluate shoulder
disability. This is an 1l-item questionnaire, with responses
ranging from 0 to 5. Scores are calculated as a percentage
and may range from 0 (no impairment) to 100 (most severe
impairment). The Pain Catastrophizing Scale (PCS) was used
to assess the psychosocial status of the study participants.
The PCS consists of 13 items with scores ranging from 0 to
52, where higher scores reflect greater pain catastrophizing.
Catastrophizing refers to an exaggerated negative orientation
toward actual or anticipated pain, involving magnification of

Fig. 1. Diagram (posterior view) used to indicate the loca-
tion of neck pain. Pain within the grey area was defined as
neck pain.

its threat, helplessness, and rumination.>® Pain intensity was
measured using a visual analog scale (VAS) with a maximum
possible score of 100.

Statistical Analysis

All continuous values were tested for normality using the
Shapiro—Wilk test. Non-normality was observed for external
rotation ROM in FS (W=0.86, P<0.01), external rotation
strength in FS (W=0.89, P=0.02), and abduction strength in
SIS (W=0.86, P<0.01). We conducted a group comparison
between SIS and FS. A chi-square test was used to confirm
sex distribution. Depending on the data type and distribu-
tion, either the Mann—Whitney U test or the independent
t-test was used to compare demographic data, shoulder func-
tion, and patient reported outcomes. Spearman’s coefficient
was calculated to confirm the relationship between NDI and
other outcomes. The significance level was set at 5%. All
statistical calculations were performed using R for Windows
software (version 4.0.1; R Development Core Team).

RESULTS

Group Differences
Table 1 shows a group comparison of demographic data.

Copyright © 2024 The Japanese Association of Rehabilitation Medicine
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Table 1. Demographic data of study participants

SIS (n=20) FS (n=21) P value
Age, years 60.2 + 10.8 60.1 £9.7 0.97
Sex (male/female) 9/11 9/12 0.89
Height, cm 162.9+ 8.0 1629+ 79 0.99
Weight, kg 60.8 +12.3 649+ 157 0.37
Symptom duration, months 50+75 7.0+6.0 0.28
Affected side (dominant/non-dominant) 11/9 8/13 0.44
Data are given as mean + standard deviation or number.
Table 2. Shoulder function and patient-reported outcomes in patients with SIS and FS
SIS (n=20) FS (n=21) P value
Shoulder ROM
Flexion (°) 1453 +12.1 112.1 £ 14.1 <0.01*
Abduction (°) 118.5 +30.0 81.2+199 <0.01*
External rotation (°) 42.5+17.8 10.7£9.7 <0.01*
Hand behind the back T12 £ 5 vertebral L5 + 3 vertebral <0.01*
Shoulder strength
Abduction (kgf) 91+24 85+43 0.57
External rotation (kgf) 64+22 6.8+24 0.52
Internal rotation (kgf) 8.6+2.6 84+37 0.85
Patient reported outcomes
NDI (%) 13.0+13.0 12.0 £ 18.0 0.68
Quick-DASH 159+ 71 25.0+9.1 0.03*
PCS
Total 24+ 14 24 £ 17 0.78
Rumination 10.5+£3.5 10.0 + 4.0 1.00
Helplessness 85+55 9.0+£5.0 0.68
Magnification 5.0+4.0 5.0+£5.0 0.77
Shoulder pain (VAS) 62.8 £26.4 479 +26.1 0.08

Continuous data are given as mean + standard deviation. Ordinal scale data (Hand behind the back and Patient reported
outcomes) are shown in the median + interquartile range magnitude. NDI has been corrected to a percentage (see text for

explanation).
*P<0.05

The SIS and FS patient group demographic data showed no
statistically significant difference. The mean age of all par-
ticipants was 60.1 years (range 42—86 years). Table 2 shows a
group comparison of shoulder function and patient-reported
outcomes. Shoulder ROMs in all assessed directions were
significantly more restricted in FS than in SIS. Total NDI and
NDI sub-item scores showed no difference between SIS and
FS patient groups.

Because shoulder joint symptoms could affect the NDI, all
patients were divided into two groups based on the presence
or absence of neck pain, and all NDI subitems were compared
between them. As shown in Fig. 2, items with no significant

differences between groups (e.g., headaches, work, sleep)
may be influenced by shoulder symptoms rather than neck
pain. For the groups with and without neck pain, shoulder
pain was 56.9+£26.4 and 53.24+28.9, and shoulder disability
(quick-DASH) was 20.5+10.8 and 20.5+12.5, respectively,
with no significant difference between them.

Prevalence of Neck Pain

The 4-week prevalence of neck pain was 12 out of 20
(60%) in SIS, 13 out of 21 (62%) in FS, and 25 out of 41
(61%) in total. There was no significant difference in neck
pain prevalence between the two patient groups.

Copyright © 2024 The Japanese Association of Rehabilitation Medicine
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Fig. 2. Comparison of Neck Disability Index sub-items between shoulder disorder patients with neck pain (black bars) and

those without neck pain (grey bars). All items except for Headaches, Work, and Sleeping were significantly higher in the

group with neck pain (P <0.01; ns, not significant).

Relationship between NDI and Shoulder Func-
tions

Table 3 shows the correlation coefficient between NDI
and other variables stratified by diagnostic group. Strength
in scapular plane abduction and quick-DASH were signifi-
cantly correlated with NDI in patients with SIS, whereas all
shoulder function and quick-DASH scores were not corre-
lated with NDI in patients with FS. For pain catastrophizing,
the components of rumination and helplessness and the total
PCS were positively correlated with NDI in patients with FS.

DISCUSSION

The present study investigated the prevalence of neck pain
in patients with SIS and FS and analyzed the association of
NDI with shoulder dysfunction and psychosocial factors in
study participants diagnosed with SIS and FS. The demo-
graphic data in Table 1 show that the groups were controlled
for such variables. To our knowledge, this is the first study to
assess the prevalence of neck pain in patients with shoulder
disorders.

A previous study using random Internet-based interviews

of the general population found a very high 4-week prevalence
of neck pain at 37.8%, with 24.2% of these cases reporting
interference with daily activities.® The current study found
the 4-week prevalence of neck pain in shoulder disorders to
be even higher at 61% (25 of 41 patients), where 68% (17
of 25 patients) of these cases reported an NDI greater than
15%, which is the cut-off value for predicting neck pain with
disability. However, because factors unrelated to neck pain,
such as headaches and sleep disturbances, can be affected
by shoulder symptoms, it may not be appropriate to apply
general population cutoff data for NDI in this context. Nev-
ertheless, the absence of significant differences in shoulder
symptoms between the groups with and without neck pain,
along with the significant differences in NDI items directly
related to neck pain, suggest that these items correctly re-
flect the severity of neck disability. Our findings, showing a
high prevalence of neck disability in patients with shoulder
disorders, emphasize the necessity for a thorough screen-
ing process for neck issues, as well as the development of a
comprehensive treatment plan for patients presenting with
shoulder disorders.

We found that the severity of neck disability is associated
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Table 3. Spearman's correlation coefficient between the Neck Disability Index and other outcomes stratified by diagnostic

group
Neck Disability Index
SIS (n=20) FS (n=21) All (n=41)
Shoulder ROM
Flexion 0.20 0.34 0.19
External rotation 0.09 0.28 0.24
Hand behind the back 0.38 0.19 0.21
Shoulder strength
Scapular plane abduction —0.51* —0.04 -0.21
External rotation -0.32 0.17 —0.08
Internal rotation —-0.04 —-0.12 —-0.09
Patient reported outcome
Quick-DASH 0.46* 0.01 0.16
Shoulder pain 0.07 0.10 0.17
PCS
Total 0.27 0.43%* 0.28*
Rumination 0.25 0.44* 0.35%
Helplessness 0.00 0.40* 0.20
Magnification 0.08 0.21 0.17
Symptom duration —0.03 —0.18 —0.11

* P<0.05.

with weakened shoulder abduction strength in patients with
SIS. Conversely, a relationship between shoulder function
and neck disability was not observed in FS group; instead,
the PCS score, particularly in rumination and helplessness,
of patients with FS was associated with neck disability. The
rumination part of PCS consists of the questions focused on
the individual’s tendency to repeatedly think about the pain,
whereas the helplessness part of PCS reflects the individual’s
perception that they have no control over their pain or the
situation.!? These aspects should be considered for treatment
of concomitant neck pain in patients with FS.

Contrary to our hypothesis, the severity of neck disability
did not differ between the two groups, despite differences in
shoulder ROM and quick-DASH score. These results suggest
that while both patients with SIS and FS require treatment
for neck disability, therapeutic approaches should differ be-
tween these conditions. The difference in the factors impact-
ing neck disability in the SIS and FS groups may be related
to differences in upper extremity activity levels. Although
neck disability can be caused by upper trapezius overactivity
associated with compensatory movements for shoulder dys-
function in both groups, the frequency of such movements
may have decreased in FS patients. Many patients with FS
are limited in their basic daily activities, such as washing

hair, dressing, and opening doors, because of ROM restric-
tions.!) However, as suggested by the significant differences
in quick-DASH scores and ROM values, the upper limb is
used more frequently in patients with SIS than in patients
with FS in activities of daily living. The relationship between
shoulder function and neck disability may not have been
observed in patients with FS because of reduced use of upper
limbs.

The findings of this study suggest that shoulder abduction
strength training can improve concomitant neck disability in
patients with SIS. Weakened shoulder abduction can indicate
rotator cuff dysfunction,?” and it can cause upper trapezius
overactivity. In addition to training rotator cuff muscles,
training the lower trapezius and serratus anterior muscles can
improve upper trapezius overactivity.'%?®) Although there is
wide variation in the protocols for exercise interventions for
SIS, such interventions are effective in a dose-responsive
manner.””) Therefore, it is crucial to gradually increase the
load according to the abilities and symptoms of each patient.

In patients with FS, neck disability was associated with
the PCS score and was not associated with shoulder func-
tion. We believe that upper limb disuse is a risk factor for
concomitant neck disability in patients with FS. Previous
studies have shown that less physical activity negatively

Copyright © 2024 The Japanese Association of Rehabilitation Medicine
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affects not only muscle activity but also the PCS score.?®
In addition, physical treatments, including aerobic, strength,
and endurance training, can improve PCS scores to levels
that are similar to those obtained using cognitive-behavioral
treatments.?? Therefore, low-impact, whole-body exercise,
such as walking, may be recommended to treat concomitant
neck disability in patients with FS. Further studies are re-
quired to better understand the pathology of neck disability
in patients with FS, including the evaluation of upper limb
use and lifestyle considerations.

The current study has several limitations. First, we could
not use electromyography or cervical imaging, which are
strong diagnostic tools, to exclude patients with cervical
radiculopathy, although the special tests we used in this
study have a known sensitivity and specificity.?'?? Second,
we did not investigate the effects of comorbidities or lifestyle
factors. Previous studies have indicated that exercise and
sleeping habits are related to the NDI,?? and participant’s oc-
cupation may affect the PCS score. Third, because this study
focused on investigating the relationship between shoulder
joint disorders and neck disability, another study is required
to discuss the intensity of neck pain in more detail.

CONCLUSION

This study revealed that primary shoulder disorders (SIS
and FS) have a high neck pain prevalence. In addition, the
factors associated with neck disability appear to differ be-
tween patients with SIS and those with FS. Our results high-
lighted that neck disability is a critical problem in shoulder
disorders and treatment strategies should be tailored to each
condition.
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