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Do Magnetic Resonance Imaging
Characteristics of Full-Thickness Rotator
Cuff Tears Correlate With Sleep Disturbance?
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Background: Many patients with rotator cuff tears suffer from nocturnal shoulder pain, resulting in sleep disturbance.

Purpose: To determine whether rotator cuff tear size correlated with sleep disturbance in patients with full-thickness rotator cuff
tears.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: Patients with a diagnosis of unilateral full-thickness rotator cuff tears (diagnosed via magnetic resonance imaging [MRI])
completed the Pittsburgh Sleep Quality Index (PSQI), a visual analog scale (VAS) quantifying their shoulder pain, and the American
Shoulder and Elbow Surgeons (ASES) questionnaire. Shoulder MRI scans were analyzed for anterior-posterior tear size (mm), tendon
retraction (mm), Goutallier grade (0-4), number of tendons involved (1-4), muscle atrophy (none, mild, moderate, or severe), and
humeral head rise (present or absent). Bivariate correlations were calculated between the MRI characteristics and baseline survey
results.

Results: A total of 209 patients with unilateral full-thickness rotator cuff tears were included in this study: 112 (54%) female and 97
(46%) male (mean age, 64.1 years). On average, shoulder pain had been present for 24 months. The mean PSQI score was 9.8, and
the mean VAS score was 5.0. No significant correlations were found between any of the rotator cuff tear characteristics and sleep
quality. Only tendon retraction had a significant correlation with pain.

Conclusion: Although rotator cuff tears are frequently associated with nocturnal pain and sleep disruption, this study demon-
strated that morphological characteristics of full-thickness rotator cuff tears, such as size and tendon retraction, do not correlate
with sleep disturbance and have little to no correlation with pain levels.
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The recent literature has emphasized the negative effects
that orthopaedic abnormalities have on sleep quality.‡

Associations have been made between sleep disturbance
and chronic neck and back pain,1,12,14 knee pain,17 carpal
tunnel syndrome,18,19 long-bone fractures,22 and shoulder
abnormalities,6,16 including shoulder impingement syn-
drome23 and rotator cuff tears.3,16 To our knowledge, there
has only been one study to find that pain levels in patients
with shoulder impingement syndrome directly correlated
with sleep quality.23 However, others have demonstrated
that sleep disturbance is more strongly associated with
poor emotional status and ineffective coping strategies and
less dependent on symptom intensity or functional
status.20,22 While sleep disturbance is accepted as a classic
symptom of rotator cuff tears, these studies illustrate the com-
plexity of the association between shoulder pain and sleep.

A seemingly more straightforward relationship is that
between rotator cuff tear severity and pain perception.
However, previous studies examining this association have
produced inconsistent results. Three recent studies11,13,15

prospectively followed patients with asymptomatic rotator
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cuff tears and found that pain development is associated
with an increase in tear size. However, 2 recent cross-
sectional studies7,8 have demonstrated the lack of associa-
tion between morphological characteristics of full-thickness
rotator cuff tears and pain. Additionally, Wylie et al26 dem-
onstrated that shoulder pain and function in patients with
rotator cuff tears are more strongly associated with mental
health status than tear severity. Similar to our understand-
ing of sleep disturbance, the interconnection between rotator
cuff tear severity and pain perception is complex, and fur-
ther studies are needed to better understand the intricacies.

To our knowledge, no studies have examined the rela-
tionship between rotator cuff tear characteristics and sleep
quality. The purpose of this study was to determine
whether rotator cuff tear morphology, based on magnetic
resonance imaging (MRI) findings in patients with full-
thickness rotator cuff tears, correlated with sleep distur-
bance. We hypothesized that there would be no correlation
between rotator cuff tear severity and sleep quality.

METHODS

Patients presenting with unilateral shoulder pain and diag-
nosed with a symptomatic full-thickness rotator cuff tear on
MRI were prospectively enrolled in this study. Institutional
review board approval was obtained before the commence-
ment of patient enrollment. The data included in this study
were obtained from a prospectively collected database
examining the effects of shoulder abnormalities on sleep
quality, as previously described by Mulligan et al.16 All
patients were enrolled by a single surgeon (M.S.K.)
between September 2013 and July 2016. Baseline data
were collected for enrolled patients and were used for anal-
ysis before any treatment intervention.

Inclusion criteria were all patients aged 18 to 100 years
with a unilateral symptomatic full-thickness rotator cuff
tear confirmed by MRI (magnet strength, minimum 1.5
T). Exclusion criteria included age younger than 18 years,
bilateral shoulder symptoms, rotator cuff tear arthropa-
thies, isolated subscapularis tears, bilateral full-thickness
rotator cuff tears, partial-thickness rotator cuff tears, prior
shoulder surgery, shoulder injections either within the sub-
acromial space or glenohumeral joint in the previous 6
months, acute shoulder fractures or dislocations (within
the previous 6 months), history of psychotic or mood disor-
ders, dementia, a current problem with substance abuse, or
a current diagnosis of a sleep disorder. Additionally,
patients were excluded if they did not complete the outcome
survey.

At the time of the initial visit, before being seen by the
treating physician, the patients were asked to complete a
survey regarding demographic information, current medi-
cal health history, shoulder symptoms, and impact of their
symptoms on activities of daily living and quality of sleep.
Additionally, patients were asked the following to assess
the chronicity of symptoms: “How long has your shoulder
been bothering you?” The patients were asked to choose
from the following options: <1 month, 1-3 months, 4-6
months, 7-12 months, and >12 months; they were also

asked to provide a specific number of days, months, and/
or years. This survey contained standardized self-reported
outcome tools, including the Pittsburgh Sleep Quality
Index (PSQI), American Shoulder and Elbow Surgeons
(ASES) questionnaire, visual analog scale (VAS) for pain,
Single Assessment Numeric Evaluation (SANE) of the
affected shoulder, and Self-Administered Comorbidity
Questionnaire (SCQ).21 All patients consented to enroll-
ment by voluntarily completing the survey and were given
no specific instruction or prompts on how to respond. Sleep
quality was assessed by the PSQI.

The PSQI5 is a validated outcome tool used to assess
sleep quality. It is a self-reported questionnaire with 19
questions subdivided into 7 subcategories including sleep
quality, latency, duration, and disturbance; habitual sleep
efficiency; use of sleeping medications; and daytime dys-
function. Questions are scored from 0 to 3, where 0 repre-
sents no current issues and 3 represents the worst quality
of sleep. The sum of the scores from all 7 subcategories yield
a global PSQI score, ranging from 0 to 21, with higher
scores indicating worse sleep. A global score of �5 indicates
“poor” sleep based on prior studies, with a sensitivity of
0.90, specificity of 0.87, and kappa value of 0.75.4,5

All shoulder MRI scans were reviewed by the senior
author (M.S.K.), a shoulder fellowship-trained board-
certified orthopaedic surgeon. Information gathered from
MRI included the number of tendons involved (1-4; supra-
spinatus, infraspinatus, subscapularis, teres minor), mea-
surements of medial retraction of the tear edges and
anterior-posterior (AP) dimension of the tear (mm) at the
site of maximum tendon retraction, graded level of retrac-
tion (midhumeral, glenohumeral, or glenoid), Goutallier
grade (0-4), subjective atrophy (none, mild, moderate, or
severe), and presence or absence of humeral head rise
assessed by AP shoulder radiographs, taken with the
patient either standing or seated (proximal humeral head
migration was dichotomous as a yes/no answer). Rotator
cuff muscle atrophy and fatty infiltration were assessed
on the T1-weighted sagittal MRI cut, which included both
the coracoid and the scapular spine. Atrophy was assessed
(none, mild, moderate, severe) using the tangent sign, as
described by Thomazeau et al.25 Muscle fatty infiltration
was assessed according to the modified Goutallier classifi-
cation.9 A tear of >2.5 cm for the AP width was considered
to involve the supraspinatus and the infraspinatus.26 The
number of torn tendons was defined by adding each tendon
that was involved in the full-thickness aspect of the tear
(supraspinatus, infraspinatus, and/or subscapularis).

Statistical Analysis

Based on an expected correlation coefficient of 0.20 with an
alpha probability of a type I error of 0.05 and power of 0.80,
a sample size of 194 participants was required. Bivariate
correlations were calculated between each of the MRI char-
acteristics of the rotator cuff tears and sleep quality (deter-
mined by PSQI scores), pain level (determined by VAS
scores), ASES scores, and SANE scores. The Pearson
correlation coefficient was utilized when both variables
were continuous. The Spearman rank-order correlation
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coefficient was utilized when one variable was continuous
and the other was ordinal. The point biserial correlation
coefficient was utilized when one variable was dichotomous
and the other was continuous. This analysis was performed
using an online calculation program at www.vassarstats.
net. Analysis of variance was used to calculate differences
in ordinal chronicity values and PSQI scores. The
coefficient of determination, which represents the propor-
tion of the variance in the dependent variable attributable
to the independent variable, was calculated by computing
the square of the correlation coefficient value. Linear
regression was performed to determine the relationship of
the 7 rotator cuff tear characteristics and sleep quality,
pain, and ASES score using the Excel 2010 Data Analysis
package (Microsoft).

RESULTS

The study included 209 patients with unilateral full-
thickness rotator cuff tears. Included were 112 (54%) female
and 97 (46%) male patients, with a mean age of 64.1 years
(range, 38-91 years). On average, shoulder pain had been
present for 1.99 ± 4.0 years (range, 1 day to 25 years; only
available for 206 involved shoulders). The mean PSQI score
was 9.8 ± 4.8 (range, 0-21). The mean VAS score for pain was
5.0 ± 2.6 (range, 0-10). The mean ASES score was 45.7 ± 19.0
(range, 3-93). None of the demographic variables including
age, sex, chronicity of symptoms, side dominance, or smok-
ing significantly correlated with VAS or ASES scores (Table
1). The chronicity of symptoms did significantly correlate
with sleep quality (r ¼ 0.22, P ¼ .002) when assessed on a
continuous scale (Table 2). A further examination to assess
chronicity and tear characteristics on an ordinal scale dem-
onstrated no significant correlations (Table 3). The mean
PSQI score for those reporting symptoms <1 month was
7.9, 1-3 months was 9.3, 4-6 months was 10.2, 7-12 months
was 10.9, and >12 months was 11.0. There was no signifi-
cant difference between these groups (P > .05) except when
comparing <1 month and >12 months, which did demon-
strate a difference (P ¼ .05). Pain levels based on chronic-
ity were 5.3, 5.0, 5.2, 5.5, and 4.8 for <1 month through >12
months, respectively, and there were no significant differ-
ences between any groups (P ¼ .82).

We looked at the 7 independent variables that describe a
rotator cuff tear and conducted a correlation analysis on
each of these factors independently to the dependent vari-
able of sleep (PSQI), pain (VAS), function (ASES), and self-
perception (SANE). These correlation (and significance)
values for each rotator cuff parameter are detailed in
Tables 4 to 7. No statistically significant correlations were
found between any of the rotator cuff tear characteristics
and sleep quality (Table 4). Similarly, only medial retrac-
tion significantly correlated with the VAS for pain score,
and this positive correlation was small (Table 5). This dif-
ference, although statistically significant, was so small that
it is likely of minimal clinical importance. The more mean-
ingful data point would be the correlation of determination
value, which was 0.02 (meaning that the amount of retrac-
tion only explains 2% of the multiple factors that contribute

to the pain score). Several rotator cuff tear characteristics,
namely, number of tendons involved, medial retraction, AP

TABLE 1
Patient Demographics and

Rotator Cuff Tear Characteristicsa

Demographic/Characteristic Value

No. of patients 209
Age, y 64.1 ± 9.9 (38-91)
Sex, n (%)

Female 112 (54)
Male 97 (46)

Body mass index, kg/m2 30.2 ± 6.5 (18-57)
Involved side

Right, n (%) 136 (65)
Left, n (%) 73 (35)
Dominant, n 133
Nondominant, n 67
Missing data, n 9

PSQI score 9.8 ± 4.8 (0-21)
VAS for pain score 5.0 ± 2.6 (0-10)
ASES score 45.7 ± 19.0 (3-93)
SCQ score 5.7 ± 4.9 (0-20)
Chronicity, n

<1 mo 37
1-3 mo 65
4-6 mo 28
7-12 mo 24
>12 mo 55

No. of torn tendons
1 (supraspinatus) 102
2 (supraspinatus and infraspinatus) 69
3 (supraspinatus, infraspinatus, and

subscapularis)
37

4 (supraspinatus, infraspinatus,
subscapularis, teres minor)

1

Retraction, mm 29.8 ± 12.2 (6.0-65.6)
Anterior-posterior dimension, mm 24.7 ± 12.1 (6.0-58.8)
Level of retraction, n

Mild 58
Glenohumeral joint 44
Humeral head 21
Midhumeral head 66
Glenoid 20

Goutallier grade, n
Grade 0 78
Grade 1 69
Grade 2 32
Grade 3 21
Grade 4 9

Atrophy, n
None 65
Mild 74
Moderate 41
Severe 29

Humeral head rise, n
No 184
Yes 25

aData are presented as mean ± SD (range) unless otherwise
indicated. ASES, American Shoulder and Elbow Surgeons; PSQI,
Pittsburgh Sleep Quality Index; SCQ, Self-Administered Comor-
bidity Questionnaire; VAS, visual analog scale.
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dimension, and presence of humeral head rise, had small
but significant inverse correlations with the ASES score
(Table 6). The most statistically significant correlations
were found between rotator cuff characteristics and the
SANE score (Table 7).

The mean SCQ score was 5.7 ± 4.9 (range could be 0-36,
with 0 representing no comorbidities). The PSQI score was

TABLE 2
Demographic Correlations to Outcome Scoresa

Demographic

PSQI VAS ASES

Correlation (r) Significance (P) Correlation (r) Significance (P) Correlation (r) Significance (P)

Age 0.004b .95 0.06b .37 0.05b .47
Sex (male vs female) –0.13c .06 0.12c .09 –0.01c .90
Chronicity (categorical) 0.22d .002 0.03d .66 0.03d .68
Smoker (yes vs no) 0.09c .19 0.07c .35 –0.06c .36
Side dominance –0.01c .93 0.02c .73 –0.06c .43

aBolded data indicate statistically significant value (P < .05). ASES, American Shoulder and Elbow Surgeons; PSQI, Pittsburgh Sleep
Quality Index; VAS, visual analog scale.

bPearson correlation coefficient (both variables are continuous).
cPoint biserial correlation coefficient (one variable is dichotomous [nominal: yes or no], and the other is continuous).
dSpearman rank-order correlation coefficient (one variable is continuous, and the other is ordinal [ranked]).

TABLE 3
Correlations Between Rotator Cuff Tear

Characteristics and Chronicitya

Characteristic Correlation (r) Significance (P)

No. of torn tendons 0.04 .55
Level of retraction 0.00 .94
Atrophy 0.00 .93
Goutallier grade 0.03 .69
Humeral head rise 0.04 .53
Retraction 0.03 .68
Anterior-posterior dimension 0.13 .07

aChronicity: <1 months, 1-3 months, 4-6 months, 7-12 months,
and >12 months.

TABLE 4
Correlations Between Rotator Cuff Tear

Characteristics and PSQI Scorea

Characteristic Correlation (r) Significance (P)

Retraction –0.01b .84
Anterior-posterior dimension 0.00b .99
Atrophy 0.13c .06
Goutallier grade 0.07c .29
Level of retraction –0.04c .60
No. of torn tendons 0.01c .91
Humeral head rise 0.11d .10

aP < .05. PSQI, Pittsburgh Sleep Quality Index.
bPearson correlation coefficient (both variables are continuous).
cSpearman rank-order correlation coefficient (one variable is

continuous, and the other is ordinal [ranked]).
dPoint biserial correlation coefficient (one variable is dichoto-

mous [nominal: yes or no], and the other is continuous).

TABLE 5
Correlations Between Rotator Cuff Tear

Characteristics and VAS Scorea

Characteristic Correlation (r) Significance (P)

Retraction 0.15b .03
Anterior-posterior dimension 0.11b .13
Atrophy 0.01c .87
Goutallier grade 0.05c .48
Level of retraction 0.04c .52
No. of torn tendons 0.13c .07
Humeral head rise 0.09d .18

aBolded data indicate statistically significant value (P < .05).
VAS, visual analog scale.

bPearson correlation coefficient (both variables are continuous).
cSpearman rank-order correlation coefficient (one variable is

continuous, and the other is ordinal [ranked]).
dPoint biserial correlation coefficient (one variable is dichoto-

mous [nominal: yes or no], and the other is continuous).

TABLE 6
Correlations Between Rotator Cuff Tear

Characteristics and ASES Scorea

Characteristic Correlation (r) Significance (P)

Retraction –0.20b .001
Anterior-posterior dimension –0.14b .04
Atrophy –0.03c .65
Goutallier grade –0.10c .14
Level of retraction –0.08c .25
No. of torn tendons –0.18c .001
Humeral head rise –0.20d .002

aBolded data indicate statistically significant values (P < .05).
ASES, American Shoulder and Elbow Surgeons.

bPearson correlation coefficient (both variables are continuous).
cSpearman rank-order correlation coefficient (one variable is

continuous, and the other is ordinal [ranked]).
dPoint biserial correlation coefficient (one variable is dichoto-

mous [nominal: yes or no], and the other is continuous).
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significantly correlated (P < .0001) at 0.33 with the SCQ
and ASES scores (r ¼ 0.15, P ¼ .03) but not with the VAS
score (r ¼ 0.06, P ¼ .36).

Linear regression analysis using the 7 rotator cuff mor-
phological variables (retraction, AP diameter, atrophy,
Goutallier grade, retraction level, number of tendons, and
humeral head rise) demonstrated multiple correlation coef-
ficients of 0.19 for sleep quality, 0.24 for the VAS, and 0.31
for the ASES. Additionally, there was no significant rela-
tionship between rotator cuff tear characteristics and sleep
quality (Table 8). The coefficient of determination was 0.04
for sleep, 0.06 for pain, and 0.09 for function. In other
words, 4% of the sleep score, 6% of the pain score, and 9%
of the function score can be explained by the rotator cuff
tear characteristics.

DISCUSSION

The results of our study reveal no correlation between full-
thickness rotator cuff tear characteristics (ie, retraction,
AP tear size, number of tendons involved, muscle atrophy,
Goutallier grade, retraction level, and proximal humeral

head migration) and sleep quality. While there are no pre-
vious studies with which to directly compare our results, a
loose correlation existed in our pilot study, which demon-
strated no significant differences in sleep disturbance or
pain levels between patients with subacromial impinge-
ment and rotator cuff tears.16 On the other hand, our
results do reveal a small level of correlation between the
SANE score and several morphological characteristics of a
tear. The patients had significantly worsened subjective
function of the shoulder with larger rotator cuff tears and
worsening atrophy of the rotator cuff musculature.

Additionally, all but one of the rotator cuff tear charac-
teristics (medial retraction) had no correlation with pain
levels. This difference, although statistically significant,
was so small that it is likely of minimal clinical importance.
The more meaningful data point would be the correlation of
determination value, which was 0.02 (meaning that the
amount of retraction only explains 2% of the multiple fac-
tors that contribute to the pain score).

Our findings with regard to pain are similar to previous
reports.7,8 Dunn et al8 reported on a large cohort of 393
patients with atraumatic symptomatic full-thickness rota-
tor cuff tears. In their study, no measure of rotator cuff tear
severity based on MRI findings correlated with pain. Addi-
tionally, the only significant factors associated with pain
were increased comorbidities, education level, and race.
In a similar study, Curry et al7 concluded that rotator cuff
tear size, fatty infiltration, and muscle atrophy were not
associated with pain levels. However, poor mental health
and advanced age were found to be significantly associated
with pain.

Similar to pain perception, sleep disturbance associated
with rotator cuff tears seems to have a significant overlap
with psychiatric issues. In our pilot study, we found a mod-
erate relationship between the presence of depression and
reduced sleep quality in patients with rotator cuff tears.
Cho et al6 similarly found a correlation between poor sleep
quality and depression in patients with chronic shoulder
pain. Additionally, Peters et al20 examined sleep distur-
bance in a cohort of patients with a wide variety of upper
extremity conditions. They found that sleep disturbance
was more strongly associated with poor coping strategies
as opposed to symptom intensity or amount of disability.

Finally, recent basic science studies have contributed to
our evolving understanding of pain and sleep disturbance
associated with rotator cuff tears. Ha et al10 found that
melatonin levels, which fluctuate in accordance with the
circadian rhythm, may play a role in increasing the inflam-
matory response in the shoulder at night. Terabayashi
et al24 demonstrated that patients with rotator cuff tears
and night pain had increased blood flow in the anterior
humeral circumflex artery. Clearly, sleep disturbance and
pain perception associated with rotator cuff tears are com-
plex multifactorial symptoms, which are only beginning to
be understood. It is becoming increasingly clear that other
factors, possibly some yet to be identified, significantly
influence pain symptoms and sleep quality in patients with
rotator cuff disorders.

There are some limitations to our study. While the
patients were collected from a prospectively gathered

TABLE 8
Correlations Between Rotator Cuff Tear

Characteristics and PSQI Scorea

Characteristic Correlation (r) Significance (P)

No. of torn tendons 0.02 .83
Level of retraction 0.01 .83
Atrophy 0.13 .06
Goutallier grade 0.11 .10
Humeral head rise 0.10 .24
Retraction 0.03 .68
Anterior-posterior dimension 0.03 .68

aPittsburgh Sleep Quality Index (PSQI) score: >5 (poor sleep)
and �5 (“normal” sleep).

TABLE 7
Correlations Between Rotator Cuff Tear

Characteristics and SANE Scorea

Characteristic Correlation (r) Significance (P)

Retraction –0.29b <.0001
Anterior-posterior dimension –0.28b <.0001
Atrophy –0.25c .0002
Goutallier grade –0.24c .0001
Level of retraction –0.08c .26
No. of torn tendons –0.25c .0003
Humeral head rise –0.27d <.0001

aBolded data indicate statistically significant values (P < .05).
SANE, Single Assessment Numeric Evaluation.

bPearson correlation coefficient (both variables are continuous).
cSpearman rank-order correlation coefficient (one variable is

continuous, and the other is ordinal [ranked]).
dPoint biserial correlation coefficient (one variable is dichoto-

mous [nominal: yes or no], and the other is continuous).
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cohort, this study was a cross-sectional analysis. Addition-
ally, only patients with shoulder MRI scans and unilateral
symptoms were included in the study. Therefore, some bias
was introduced by excluding all patients with full-thickness
rotator cuff tears not confirmed by advanced imaging. Addi-
tional limitations of our study include only a single surgeon
evaluating the MRI scans, and no collection of data on men-
tal health. Finally, we excluded patients with partial-
thickness rotator cuff tears, and although these patients
also report night pain and sleep disturbance; as investiga-
tors, we felt that this was beyond the scope of our current
hypothesis and a topic for future investigation.

In conclusion, the morphological characteristics of rota-
tor cuff tears did not predict pain levels or sleep quality in
this study. Conversely, rotator cuff tear size and morphol-
ogy did seem to inversely correlate with self-reported func-
tion and “normality” of the shoulder. Clinicians should
develop intervention plans to address pain and sleep dep-
rivation and possibly give less consideration regarding the
size or nature/characteristics of a rotator cuff tear. Given
these findings, it may be of more importance to place a
greater emphasis on the patient’s concern regarding his
or her level of function when determining which patients
should be treated conservatively versus surgically.

REFERENCES

1. Artner J, Cakir B, Spiekermann JA, et al. Prevalence of sleep depri-

vation in patients with chronic neck and back pain: a retrospective

evaluation of 1016 patients. J Pain Res. 2013;6:1-6.

2. Asih S, Neblett R, Mayer TG, Brede E, Gatchel RJ. Insomnia in a

chronic musculoskeletal pain with disability population is independent

of pain and depression. Spine J. 2014;14(9):2000-2007.

3. Austin L, Pepe M, Tucker B, et al. Sleep disturbance associated with

rotator cuff tear: correction with arthroscopic rotator cuff repair. Am J

Sports Med. 2015;43(6):1455-1459.

4. Backhaus J, Junghanns K, Broocks A, Riemann D, Hohagen F. Test-

retest reliability and validity of the Pittsburgh Sleep Quality Index in

primary insomnia. J Pschosom Res. 2002;53:737-740.

5. Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The

Pittsburgh Sleep Quality Index: a new instrument for psychiatric prac-

tice and research. Psychiatry Res. 1989;28(2):193-213.

6. Cho CH, Jung SW, Park JY, Song KS, Yu KI. Is shoulder pain for three

months or longer correlated with depression, anxiety, and sleep dis-

turbance? J Shoulder Elbow Surg. 2013;22(2):222-228.

7. Curry EJ, Matzkin EE, Dong Y, Higgins LD, Katz JN, Jain NB. Struc-

tural characteristics are not associated with pain and function in rota-

tor cuff tears: the ROW cohort study. Orthop J Sports Med. 2015;3(5):

2325967115584596.

8. Dunn WR, Kuhn JE, Sanders R, et al. Symptoms of pain do not cor-

relate with rotator cuff tear severity: a cross-sectional study of 393

patients with a symptomatic atraumatic full-thickness rotator cuff

tear. J Bone Joint Surg Am. 2014;96(10):793-800.

9. Fuchs B, Weishaupt D, Zanetti M, Hodler J, Gerber C. Fatty degen-

eration of the muscles of the rotator cuff: assessment by computed

tomography versus magnetic resonance imaging. J Shoulder Elbow

Surg. 1999;8:599-605.

10. Ha E, Lho YM, Seo HJ, Cho CH. Melatonin plays a role as a mediator

of nocturnal pain in patients with shoulder disorders. J Bone Joint

Surg Am. 2014;96(13):e108.

11. Keener JD, Galatz LM, Teefey SA, et al. A prospective evaluation of

survivorship of asymptomatic degenerative rotator cuff tears. J Bone

Joint Surg Am. 2015;97(2):89-98.

12. Kelly GA, Blake C, Power CK, O’Keeffe D, Fullen BM. The association

between chronic low back pain and sleep: a systematic review. Clin J

Pain. 2011;27(2):169-181.

13. Mall NA, Kim HM, Keener JD, et al. Symptomatic progression of

asymptomatic rotator cuff tears: a prospective study of clinical and

sonographic variables. J Bone Joint Surg Am. 2010;92(16):

2623-2633.

14. Marin R, Cyhan T, Miklos W. Sleep disturbance in patients with

chronic low back pain. Am J Phys Med Rehabil. 2006;85(5):430-435.

15. Moosmayer S, Tariq R, Stiris M, Smith HJ. The natural history of

asymptomatic rotator cuff tears: a three-year follow-up of fifty cases.

J Bone Joint Surg Am. 2013;95(14):1249-1255.

16. Mulligan EP, Brunette M, Shirley Z, Khazzam M. Sleep quality and

nocturnal pain in patients with shoulder disorders. J Shoulder Elbow

Surg. 2015;24(9):1452-1457.

17. Murase K, Tabara Y, Ito H, et al. Knee pain and low back pain addi-

tively disturb sleep in the general population: a cross-sectional anal-

ysis of the Nagahama study. PLoS One. 2015;10(10):e0140058.

18. Patel A, Culbertson MD, Patel A, et al. The negative effect of carpal

tunnel syndrome on sleep quality. Sleep Disord. 2014;2014:962746.

19. Patel JN, McCabe SJ, Myers J. Characteristics of sleep disturbance

in patients with carpal tunnel syndrome. Hand. 2012;7(1):55-58.

20. Peters RM, Menendez ME, Mellema JJ, Ring D, Vranceanu AM. Sleep

disturbance and upper-extremity disability. Arch Bone Jt Surg. 2016;

4(1):35-40.

21. Sangha O, Stucki G, Liang MH, Fossel AH, Katz JN. The Self-

Administered Comorbidity Questionnaire: a new method to assess

comorbidity for clinical and health services research. Arthritis Rheum.

2003;49(2):156-163.

22. Shulman BS, Liporace FA, Davidovitch RI, Karia R, Egol KA. Sleep

disturbance after fracture is related to emotional well-being rather

than functional result. J Orthop Trauma. 2015;29(3):e146-e150.

23. Tekeoglu I, Ediz L, Hiz O, Toprak M, Yazmalar L, Karaaslan G. The

relationship between shoulder impingement syndrome and sleep

quality. Eur Rev Med Pharmacol Sci. 2013;17(3):370-374.

24. Terabayashi N, Watanabe T, Matsumoto K, et al. Increased blood flow

in the anterior humeral circumflex artery correlates with night pain in

patients with rotator cuff tear. J Orthop Sci. 2014;19(5):744-749.

25. Thomazeau H, Rolland Y, Lucas C, Duval JM, Langlais F. Atrophy of

the supraspinatus belly: assessment by MRI in 55 patients with rotator

cuff pathology. Acta Orthop Scand. 1996;67:264-268.

26. Wylie JD, Suter T, Potter MQ, Granger EK, Tashjian RZ. Mental health

has a stronger association with patient-reported shoulder pain and

function than tear size in patients with full-thickness rotator cuff tears.

J Bone Joint Surg Am. 2016;98(4):251-256.

27. Zarrabian MM, Johnson M, Kriellaars D. Relationship between sleep,

pain, and disability in patients with spinal pathology. Arch Phys Med

Rehabil. 2014;95(8):1504-1509.

6 Reyes et al The Orthopaedic Journal of Sports Medicine



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


