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Background: Subacromial impingement syndrome is a common disorder associated with functional
impairment and disability of the shoulder. Internal/external glenohumeral rotation is important for
shoulder function. However, because it is difficult to measure the glenohumeral joint rotation angle
physically, the relationship between this angle and the clinical symptoms of subacromial impingement
syndrome is still largely unknown. Using advanced cine-magnetic resonance imaging techniques, we
designed a study to improve our understanding of the nature of this relationship.
Methods: We evaluated 100 shoulders with subacromial impingement syndrome. Patients underwent
cine-magnetic resonance imaging during axial rotation with the arm adducted. During imaging, patients
rotated their shoulder from maximum internal rotation to maximum external rotation over 10 seconds
and then to maximum internal rotation over 10 seconds. The rotation angles were then evaluated using a
series of axial images. The ConstanteMurley (Constant) and UCLA scores for each patient were deter-
mined, and the correlation between the scores and rotational angles was assessed. Patients were divided
into 3 groups according to the Constant pain score, and the rotational angles of each group were
compared. Rotational angles were also compared between shoulders with and without night pain.
Results: The external rotation angle showed a significant but low correlation with the Constant and
UCLA scores (r ¼ 0.24 and 0.24, respectively), whereas the internal rotation angle did not. In comparing
the pain groups of Constant score and UCLA score, the external rotation angle significantly decreased as
pain increased (P < .01), demonstrating a negative correlation (r ¼ �0.47, �0.41, respectively). Addi-
tionally, the shoulders of patients with night pain showed significantly more restriction of external
rotation angles than the shoulders of those without night pain (P ¼ .01).
Conclusions: Limitation of the glenohumeral joint’s external rotation is correlated with pain, for which
we explore possible explanations. The results suggest that night pain can be effectively reduced using
therapeutic interventions that target external rotational dysfunction.

© 2021 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
3,28,30
Subacromial impingement syndrome (SIS) is a common disor-
der associated with functional impairment and disability of the
shoulder.16,28,30,36 It has been reported that the presence of SIS
predisposed shoulders to mechanical compression in the sub-
acromial space by causing excessive superior translation of the
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humeral head during elevation. This caused a narrowing
acromiohumeral distance to be purported as the cause of SIS-
related pain. However, a recent review showed no relationship
between subacromial humeral distance and SIS-related pain.34

Recent meta-analysis and review also suggested that SIS-related
pain is not induced by impingement, but is associated with mus-
culotendinous dysfunctions, such as the infraspinatus and
subscapularis.13,28,30,34,36 However, the precise nature of their as-
sociation with SIS has not been explored.

Internal/external glenohumeral rotation is important for
shoulder function since it is involved in most shoulder movements
such as abduction or forward flexion.1,24 Previous reports have
indicated that internal/external glenohumeral rotation are
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Table I
Patient demographic data.

Shoulders (n ¼ 100)

Age (y) 51 (range, 16-81)
Sex F, 33; M, 62
Side D, 61; ND, 39
Clinical ROM
Flexion (�) 158 ± 22
Abduction (�) 136 ± 39
ER (�) 68 ± 18
IR* T10 (B-T5)

Physical tests
Painful arc test Positive, 77; negative, 23
Neer impingement test Positive, 50; negative, 50
HawkinseKennedy test Positive, 91; negative, 9
Jobe’s test Positive, 79; negative, 21
Horizontal impingement test Positive, 87; negative, 13

Clinical score
Constant score (points) 65 ± 13
UCLA score (points) 18 ± 3

F, female; M, male; D, dominant; ND, nondominant; ER, external rotation; IR, in-
ternal rotation; ROM, range of motion; T, thoracic vertebra; B, buttock; UCLA, Uni-
versity of California in Los Angeles.

* IR was determined using the vertebra reachable by the thumb.
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restricted during elevation in shoulders with SIS.12,25,35 However,
the rotational angle of the shoulder that can be measured physi-
cally is the thoracohumeral angle, which includes the motion of not
only the glenohumeral joint but also the thoracoscapular, acro-
mioscapular, and sternoclavicular joints.41 Thus, because it is
difficult to measure the glenohumeral joint rotation angle physi-
cally, the relationship between glenohumeral rotational function
and clinical symptoms of SIS is still largely unknown.

Recent advances in magnetic resonance imaging (MRI) systems
now enable the acquisition of 1 to 2 images per second for cine-
MRI, allowing dynamic joint motion analysis. Cine-MRI allows
live assessment of individuals and has been used for various ap-
plications, such as evaluation of cardiac function.2,15 Shoulders with
SIS have been shown to have significant limitations in gleno-
humeral joint rotation, determined using cine-MRI, when
compared with asymptomatic shoulders.18 However, the clinical
implications of glenohumeral rotational limitations remain unclear.

We believe that elucidating these clinical implications may help
in treating SIS by targeted therapy. This could be accomplished
through analyzing the relationship between the clinical score and
glenohumeral rotation angle. The purpose of this study was to
investigate the relationship between the limitation of gleno-
humeral joint rotation and the clinical symptoms of patients with
SIS. We hypothesized that the limitation of glenohumeral rotation
is positively associated with clinical symptoms, especially pain.
Materials and methods

Participants

The experimental protocol was conducted in accordance with
the guidelines of our institutional review board, which approved
the protocol for this study. All participants provided written
informed consent. The informed consent for participants below the
age of 20 years was provided by their parents.

This was a cross-sectional study. Between January 2012 and
December 2015, a total of 155 patients (169 shoulders) with a mean
age of 53 years (range, 15-81 years), with suspected SIS, and
without global loss of passive range of motion (� 100� of forward
flexion, � 10� of external rotation with the arm adducted, and in-
ternal rotation of < the L5 level),39 underwent cine-MRI at one of
our 2 institutions. Before testing, we excluded patients who expe-
rienced pain either at rest or in both active and passive internal and
external rotationwith the arm in an adducted position to eliminate
the influence of pain on restriction of active rotational motion
(n ¼ 17). We excluded patients with collagen diseases (n ¼ 4). A
single surgeon confirmed that all patients were positive for at least
3 of the following tests: the painful arc sign,19 the Neer impinge-
ment test,30 the HawkinseKennedy impingement test,14 Jobe’s
test,16 or the horizontal impingement test.44 The maneuver for the
horizontal impingement test began with the examiner placing the
patient’s arm in 90 degrees of shoulder abduction with the elbow
flexed to 90 degrees and then rotating the arm internally. The test
was considered positive if the patient experienced pain upon pas-
sive internal rotation. Thirty-four patients (29 shoulders) whowere
diagnosed with partial or full-thickness rotator cuff tears using MRI
(T2-weighted coronal and sagittal images) were also excluded.
None of the patients showed the presence of increased signal in-
tensity or capsule edema around the axillary recess using fat-
suppressed T2-weighted MRI, which strongly suggests capsulitis
related to glenohumeral joint motion (sensitivity, 85.3�88.2%;
specificity, 88.2%).10,33 In addition, the same shoulder surgeon
confirmed that all patients had no symptoms to warrant suspicion
of frozen shoulder39 at least 1 month after MRI. Thus, 95 patients
431
(100 shoulders), 62men and 33womenwith amean age of 51 years
(range, 16-81 years), were included in this study (Table I, Fig. 1).

Clinical assessment

One orthopedic surgeon measured the active range of motions
for flexion, abduction, and internal and external rotation of the
adducted shoulders with the patients seated. According to Cave and
Roberts’ concept of defining a zero position of the glenohumeral
joint with a goniometer,5 flexion and abduction were measured in
the sagittal and coronal planes with the elbow extended and the
wrist in a neutral position. External rotation (ER) was measured
with the arm at the side and 90-degree elbow flexion. Internal
rotation (IR) was measured as the best reached height of the pa-
tient’s thumb on their back along their vertebra according to the
ConstanteMurley score.7

All patients were also evaluated using the ConstanteMurley
score7 and the University of California at Los Angeles Shoulder
Rating Scale (UCLA score).8 Both scores were determined using a
questionnaire that the patient responded to based on the guidance
of an orthopedic surgeon. Every patient assessed their pain in both
clinical scores, after one orthopedic surgeon had suggested a
reference category based on the numeric rating scale of pain (mild,
1�3; moderate, 4�7; and severe, >8).11 Similarly, in the UCLA score,
patients chose their own pain category from the items (group 1,
occasional and slight; group 2, present during heavy or particular
activities only, salicylates used occasionally; group 3, none or little
at rest’ present during light activities, salicylates used frequently;
group 4, present always but bearable’ strong medication occa-
sionally; group 5, present always and unbearable, strong medica-
tion frequently).

Night pain

Night pain associated with shoulder disorders can be due to
several pathologies and is frequently characterized by aching pain
that is relieved upon sitting upright.23,31,38 This can also cause in-
dividuals to awaken from pain induced by rolling over or adopting
the lateral decubitus position.40,43 Consistent with the definition
previously reported,23,38 we divided patients into 2 groups, those
who had night pain and those who did not. We excluded



Figure 1 A flowchart showing the progressive inclusion and exclusion of subjects in this study. MRI, magnetic resonance imaging.
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movement-related pain, such as that experienced when rolling
over, and compression pain on the affected side when in the lateral
position.

MRI acquisition

Imaging was performed with a 1.5 T MRI system using a 4-
channel shoulder array coil (Signa; GE Healthcare, Amersham, En-
gland) or with a 1.5 T MRI system using one of the manufacturer’s
shoulder coils (shoulder 16, MAGNETOM Aera; Siemens Healthi-
neers, Erlangen, Germany). Cine-MRI of the shoulder was per-
formed using two-dimensional fast imaging employing steady-
state acquisition (FIESTA) technique (GE Healthcare; imaging pa-
rameters: repetition time (TR)/time to echo (TE) ¼ 4.6 ms/2.1 ms;
flip angle, 20�; receiver bandwidth, ± 62.5 kHz; matrix, 256 � 224;
number of excitations,1.0; field of view, 28� 28 cm; slice thickness,
6.0 mm) or true fast imaging with steady-state precession (True
FISP) (Siemens Healthcare; imaging parameters: TR/TE ¼ 4.91 ms/
2.46 m; flip angle, 20�; bandwidth, 349 Hz/pixel; matrix, 256 �
256; number of excitations, 1.0; field of view, 28 � 28 cm; slice
thickness, 6.0 mm). Sequential images were recorded at a rate of
one per second during activity. Image acquisition was performed
using axial slices that included the center of the humeral head
determined with a best-fit circle.

The participants performed internal and ER of the shoulder with
the arm adducted in the supine position. Soft plate cushions were
placed under the arm to maintain its long axis parallel to the trunk.
The acquisition began with the arm fully rotated internally (with
the dorsum of the hand on the greater trochanter). The radiologist
counted the time using a stopwatch as the participants rotated the
arm to maximum ER over 10 s and then reversed to maximum IR in
the subsequent 10 s. Before MRI acquisition, all participants prac-
ticed the motion several times according to the instructions of a
physician or therapist. We recorded the motion of at least 2 sets of
activities for each participant.

MRI evaluation

We assessed the MRI-acquisitioned internal and external rota-
tions of the glenohumeral joint and their correlation with the
clinical scores. In addition, patients were classified using their re-
sponses to the questions of the ConstanteMurley score. We then
divided the patients into 3 groups according to the
ConstanteMurley score’s pain subgroups. We also divided the
432
patients into 5 groups based on the UCLA score’s pain subgroups.
Additionally, we compared the rotational angles between patients
with and without night pain.

The rotation angle was defined as the angle formed by the
glenoid axis and the humeral head axis, as described in a previous
report.18 The glenoid axis was defined as the line perpendicular to
the glenoid fossa at its midpoint. The humeral head axis was
defined as the line connecting the midpoint of the articular surface
of the humeral head and the center of the best-fit circle applied to
the humeral head. When the 2 axes were parallel, the joint was
considered in a neutral position. (Fig. 2) All participants’ recorded
activities were measured, and the largest value for each participant
was used for further assessment.

Statistical analysis

Statistical analysis was performed using commercial software
(JMP Pro, version 14.3; SAS Institute Inc., Cary, NC). Results are
presented as mean ± standard deviation. Correlations between
rotational angles and clinical scores were determined using
Spearman’s rank correlation coefficient. The KruskaleWallis test
was used to compare rotational angles among the pain groups,
followed by the Dwass-Steel-Critchlow-Fligner as a post hoc test.
Correlations between rotational angles and clinical pain subgroups
of both clinical scores were determined using Spearman’s rank
correlation coefficient. A statistical difference between participants
with and without night pain was determined using the nonpara-
metric ManneWhitney U test. For all statistical analyses, signifi-
cance was defined as P < .05. The classification scheme for the
correlation is defined as follows: 0 < jrj � .2, negligible; 0.2 < jrj �
.4, low; 0.4 < jrj � .7, moderate; 0.7 � jrj, high.

Results

Participants’ demographics

Cine-MRI was able to obtain scans of the coordinated move-
ments of the rotator cuff with vivid clarity in all examined shoul-
ders (Video). The mean internal and external rotational angles
determined by cine-MRI were 38� ± 21� and 14� ± 26�, respectively.
The means of the ConstanteMurley score (Constant score) and
UCLA score were 65 ± 13 points and 18 ± 3 points, respectively. The
number of patients whose shoulder pain was classified as mild,
moderate, and severe was 29, 41, and 30, respectively. In addition,



Figure 2 Determination of rotational angle on images captured using cine-magnetic resonance imaging. (A) Showed a raw figure. (B) The axis of the humeral head was defined as
the line connecting the center of the humeral head and the midpoint of the humeral head surface. (C) centerline of the glenoid was defined as the line perpendicular to the surface
of the glenoid fossa at its midpoint. (D) The angle of rotation was defined as the angle between the two lines, with the zero point at the intersection of the axis of the humeral head
and the centerline of the glenoid.
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the number of each item groups in UCLA score was 3, 31, 36, 26, and
4, respectively (Table II). In addition, the numbers of shoulders with
and without night pain were 46 and 54, respectively. (Table III)
Correlation of clinical scores and rotational angles

The ER angle as determined using cine-MRI was significantly
positively correlated with the Constant score (Fig. 3, A; r ¼ 0.24,
P ¼ .019) as well as the UCLA score (Fig. 3, B; r ¼ 0.24, P ¼ .015),
although the r values defined these correlations as low.

There were significant differences among the 3 pain groups in
the ER angle (P < .001) but not in the IR angle (P ¼ .79). (Table II,
Fig. 4, A and B) Post hoc testing showed that the ER angle was
significantly smaller in the severe pain group than in the mild and
moderate pain groups (severe vs. mild, P < .001; severe vs. mod-
erate, P ¼ .004). In the comparison among 5 pain groups, ER angle
was significantly smaller in the group 4 group than in groups 2 and
3 (group 2 vs group 4, P < .001; group 2 vs group 3, P ¼ .001). In the
analysis of the correlation between rotational angle and pain
groups, the ER angle was also significantly correlated with the 3
pain groups (r ¼ -0.47, P < .001) but the IR angle was not (P ¼ .46).
(Table II, Fig. 4, C and D) In the pain groups of UCLA score, The ER
angle was significantly correlated with the 3 pain groups
(r ¼ �0.41, P < .001) but the IR angle was not (P ¼ .47). Therefore,
the correlation between both pain groups and ER angle was mod-
erate as defined by the r value, although the number of groups 1
433
and 5 were small in the pain groups of UCLA score (group 1, n ¼ 3;
group 5, n ¼ 4).
Glenohumeral rotational angles according to night pain

In the demographic data, there were no significant differences
found in sex and affected side between shoulders with and without
night pain. However, patients with night pain were significantly
older than those without pain (Table III). Shoulders with night pain
had smaller ER angles, determined using cine-MRI, than those
without (P ¼ .018); however, there was no significant difference in
the IR angles (P ¼ .089) (Table III, Fig. 5).
Discussion

This study revealed that glenohumeral ER with the arm
adducted was significantly restricted in the shoulders with SIS and
proportional to the decrease in clinical scores. Shoulders in the
severe pain group showed significantly smaller ER angles than
those in the mild and moderate pain groups. In addition, SIS pa-
tients with night pain had smaller ER angles of the shoulder joint
compared to the ER angles of those without night pain, as deter-
mined by cine-MRI-based analysis; there was no significant dif-
ference in the demographic data except in age, to account for this
finding. Our results suggest that limitation of ER in shoulders in the



Table II
Demographic data of pain groups.

Constant score Mild (n ¼ 29) Moderate (n ¼ 41) Severe (n ¼ 30) P value

Age (y) 47 (range, 16-77) 52 (range, 16-81) 52 (range, 16-76) .37
Sex F, 8; M, 21 F, 16; M, 25 F, 9; M, 21 .56
Side D, 18; ND, 11 D, 26; ND, 15 D, 17; ND, 13 .84
Clinical ROM
Flexion (�) 163 ± 16 160 ± 20 150 ± 27 .16
Abduction (�) 150 ± 27 136 ± 43 122 ± 39 .048y

ER (�) 71 ± 14 70 ± 17 63 ± 21 .26
IR* T10 (L3-T5) T10 (B-T5) T10 (B-T5) .51

ROM determined by cine-MRI
IR (�) 36 ± 27 38 ± 19 40 ± 19 .79
ER (�) 29 ± 18 17 ± 24 �4 ± 26 <.001z

UCLA score Group 1 (n ¼ 3) Group 2 (n ¼ 31) Group 3 (n ¼ 36) Group 4 (n ¼ 26) Group 5 (n ¼ 4) P value

Age (y) 50 (range, 37-63) 45 (range, 17-77) 55 (range, 1981) 52 (range, 16-76) 52 (range, 18-64) .37
Sex F, 0; M, 3 F, 9; M, 22 F, 15; M, 21 F, 7; M, 19 F, 2; M, 2 .31
Side D, 2; ND, 1 D, 21; ND, 10 D, 21; ND, 15 D, 14; ND, 12 D, 3; ND, 1 .80
Clinical ROM
Flexion (�) 170 ± 9 164 ± 16 159 ± 21 153 ± 26 128 ± 28 .07
Abduction (�) 133 ± 31 153 ± 29 135 ± 42 123 ± 41 95 ± 13 .023x

ER (�) 80 ± 5 72 ± 14 68 ± 18 62 ± 22 70 ± 12 .45
IR* T11 (L3-T7) T9 (L3-T5) T11 (B-T5) T9 (B-T5) T10 (L2-T7) .39

ROM determined by cine-MRI
IR (�) 36 ± 27 38 ± 19 40 ± 19 40 ± 19 40 ± 19 .79
ER (�) 11 ± 17 27 ± 20 20 ± 23 -7 ± 25 6 ± 37 <.001k

F, female;M, male; D, dominant; ND, nondominant;MRI, magnetic resonance imaging; ROM, range of motion; ER, external rotation; IR, internal rotation; T, thoracic vertebra; L,
lumbar vertebra; B, buttock.
Bold values showed significant difference.

* IR was determined using the vertebra reachable by the thumb.
y There was significant difference between mild and severe groups (P ¼ .018).
z Severe group was significantly restricted compared with mild and moderate groups (P < .001, P ¼ .004, respectively).
x There was significant difference between item 5 and item 2 group (P ¼ .044).
k Group 4 was significantly restricted ER angle compared with groups 2 and 3 (P < .001, P ¼ .001, respectively).

Table III
Demographic data of shoulders with or without night pain.

With night pain (n ¼ 46) Without night pain (n ¼ 54) P value

Age (y) 55 (range, 18-81) 46 (range, 16-7) .018
Sex F, 14; M, 32 F, 19; M, 35 .61
Side D, 27; ND, 19 D, 34; ND, 20 .66
Clinical ROM
Flexion (�) 152 ± 24 163 ± 18 .008
Abduction (�) 125 ± 41 145 ± 35 .017
ER (�) 62 ± 19 74 ± 15 .001
IR* T10 (B-T5) T10 (L4-T5) .84

ROM determined by cine-MRI
IR (�) 35 ± 20 40 ± 22 .089
ER (�) 8 ± 27 20 ± 25 .018

F, female;M, male; D, dominant; ND, nondominant; ROM, range of motion;MRI, magnetic resonance imaging; ER, external rotation; IR, internal rotation; T, thoracic vertebra; B,
buttock; L, lumbar vertebra.
Bold values showed significant difference.

* IR was determined using the vertebra reachable by the thumb.
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adducted position, especially glenohumeral ER, can be a thera-
peutic target for SIS-related pain.

This study indicates that ER limitation, but not IR limitation, was
strongly associated with poor functional scores, especially pain
scores. Numerous authors reported that the limitation of gleno-
humeral ER is related to symptoms of SIS,12,25,27 and our findings
were consistent with previous reports. The humeral head is rotated
externally during elevation,9,12,21,25,26 and the supraspinatus and
infraspinatus tendon are rubbed against the subacromial bursa
while passing beneath the acromion, especially during abduction.
Hallstr€om et al12 reported that ER during elevation decreased in
shoulders with SIS. During the early phase of scaption, the ER angle
is significantly smaller in shoulders with symptomatic rotator cuff
tears than in normal shoulders and shoulders with asymptomatic
rotator cuff tears.21 In this study, the abduction angle was also
434
significantly decreased as the pain was severe (Table II). Therefore,
decreased ER may aggravate symptoms by causing the greater tu-
berosity to rub against the subacromial bursa during elevation,
especially with abduction.

However, the ability to rotate externally may be less impaired in
shoulders with IR limitation. For the arm elevation, IR of the gle-
nohumeral joint is related with flexion rather than abduction.9,26

SIS-related pain occurred during abduction, such as painful arc
sign.19 In this study, there was no significant difference in flexion
angle among pain groups in both clinical scores. Therefore, IR
dysfunction may be less associated with SIS-related pain than ER
dysfunction. Since we did not analyze rotational differences during
elevation, further research is needed.

Night pain has been associated with increased subacromial
pressure,17,22,31 and this may account for the night pain observed in



Figure 3 Correlation of clinical scores and rotational angles. (A) Correlation between the external rotation angle and the ConstanteMurley score (r ¼ 0.24, P ¼ .019). (B) Correlation
between the internal rotation angle and the ConstanteMurley score. (r ¼ 0.12, P ¼ .22). (C) Correlation between the external rotation angle and the UCLA scale (r ¼ 0.24, P ¼ .015).
(D) Correlation between the internal rotation angle and the UCLA scale (r ¼ 0.03, P ¼ .79).

D. Ishii, T. Kenmoku, R. Tazawa et al. JSES International 5 (2021) 430e438
this study. The subscapularis and infraspinatus muscles contribute
towards keeping proper position of the humeral head to the
glenoid.4,6,32,36,37 Werner et al42 reported that subacromial pres-
sure increases IR and decreases ER. Furthermore, the amount of
subacromial pressure is strongly negatively correlated with the
force generated by the infraspinatus in the neutral position.42 These
reports suggest that restriction of the glenohumeral joint’s ER is
associated with increased subacromial pressure in the supine po-
sition. As night pain improves rapidly once the upper body is raised
to a sitting or inclined position due to an increase in subacromial
space volume,22,31 it can be inferred from our findings that night
pain may be effectively reduced using therapeutic interventions
that target the external rotational dysfunction of the glenohumeral
joint. Further research is needed to confirm this conjecture.
Limitations

This is a cross-sectional study. A longitudinal study that ex-
amines changes in rotational angles before and after treatment
may be needed to appropriately assess the relationships between
symptoms and the rotational angle. Second, we did not assess
muscle activity in this study. Electromyography (EMG) may be
needed; however, it is difficult to perform EMG and MRI simul-
taneously. Third, the diagnostic criteria for SIS in this studymay be
less strict as compared with the criteria in a previous report.29 The
horizontal impingement test suggests SIS-related pain because
this maneuver requires the greater tuberosity of the humeral head
435
is passed below the subacromial space without rubbing against
the subacromial bursa. This maneuver is similar to the
HawkinseKennedy test with 90 degrees abduction; however, the
sensitivity for the horizontal impingement test has not been re-
ported. In this study, 87 of 100 shoulders demonstrated positive
responses to the horizontal impingement test. This suggests that
our criteria to diagnose patients with SIS were also sufficient.
Fourth, SIS-related pain has also been associated with scapular
dyskinesis,20 and we did not assess scapular motion that related
with SIS, such as posterior tilt during elevation. We believe this to
be one of the limitations of this study. In an ideal cross-sectional
study, we would have included EMG to assess muscle activity
and assessed scapular motion, as well as. However, we believe that
this study has established a relationship between the gleno-
humeral joint rotation and SIS-related pain.
Conclusion

We examined the relationship between clinical symptoms of
shoulders with SIS and glenohumeral rotation using cine-MRI.
Unlike IR, the ER angle of shoulders with SIS was significantly
positively correlated with the ConstanteMurley and UCLA scales.
The ER angle of the severe pain group, in particular, was signifi-
cantly smaller than that of the mild and moderate pain groups. In
addition, patients with night pain had significantly restricted ER
angles of the glenohumeral joint comparedwith the angles of those
without night pain, as determined by cine-MRI-based analyses. In



Figure 4 Comparison of rotational angle among the pain groups. (A) There were significant differences in the external rotation angle among the 3 pain groups of ConstanteMurley
score (P < .001; 95% confidence interval [CI]; mild, 21-38; moderate, 10-25; severe, -13-4). Post hoc testing revealed that the external rotation angle was significantly smaller in the
severe pain group than in the mild and moderate pain groups (severe vs. mild: P < .001; mean difference [MD], -20; CI, -51 e -19; severe vs. moderate: P ¼ .004; MD, -15; CI, -40 e

-6) Correlation between the external rotation angle and the pain groups (r ¼ -0.47, P < .001). (B) There were no significant differences in internal rotation angles (P ¼ .61; 95% CI;
mild, 26-42; moderate, 31-44; severe, 31-48). Correlation between the internal rotation angle and the pain groups (r ¼ 0.05, P ¼ .59). (C) There were significant differences in the
external rotation angle among the 5 pain groups of UCLA score (P < .001; 95% CI; group 1, -31-54; group 2, 20-34; group 3, 13-28; group 4, -17-3; group 5, -50-63). Post hoc testing
revealed that the external rotation angle was significantly smaller in the group 4 than in the groups 2 and 3 (group 4 vs. group 2: P < .001; MD, -20; CI, -54 e -16; group 4 vs. group
3: P ¼ .001; MD, -18; CI, -49 e -10). Correlation between the external rotation angle and the pain groups (r ¼ -0.41, P < .001). (D) There were no significant differences in internal
rotation angles (P ¼ .79; 95% CI; 1, -48-109; 2, 27-45; 3, 32-45; 4, 30-47; 5, 27-69). Correlation between the internal rotation angle and the pain groups (r ¼ 0.07, P ¼ .47). Blue bar,
standard error; red bar, average and standard deviation; red ellipse, 0.90 confidence ellipse.

Figure 5 Comparison of the rotational angle between shoulders with and without night pain. (A) Shoulders with night pain had smaller external rotation angles than shoulders
without night pain (P ¼ .018; 95% confidence interval [CI]; shoulder with night pain, 0-15; shoulder without night pain, 14-27). (B) No significant difference was seen in internal
rotation angles (P ¼ .089; 95% CI; shoulder with night pain, 29-41; shoulder without night pain, 34-46). Blue bar, standard error; red bar, average and standard deviation.
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the context of the larger body of research, our results indicate that
the external rotational limitation of the glenohumeral joint is
associated with pain induced by rotator cuff dysfunction. Further-
more, our findings suggest that night pain can be effectively
reduced using therapeutic interventions that target the external
rotational dysfunction of the glenohumeral joint.
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