
lable at ScienceDirect

JSES International 6 (2022) 56e61
Contents lists avai
JSES International

journal homepage: www.jsesinternat ional .org
Patient-Reported Outcomes Measurements Information System
(PROMIS) upper extremity and pain interference do not significantly
predict rotator cuff tear dimensions

Alexander D. Pietroski, MS, BS, Gabriel B. Burdick, BS, Jonathan R. Warren, BS,
Sreten Franovic, MS, BS, Stephanie J. Muh, MD*

Henry Ford Health System, Department of Orthopaedic Surgery, Detroit, MI, USA
a r t i c l e i n f o

Keywords:
Rotator cuff
Rotator cuff repair
Rotator cuff tear
Tear size
PROMIS
Patient-reported outcomes
MRI

Level of Evidence: Basic Science Study;
Validation of Outcome Instrument
Henry Ford Health System Institutional Review Boa
study (no. 13895).
*Corresponding author: Stephanie J. Muh, MD, Dep

gery, Henry Ford Hospital, 6777 W Maple Road, We
48322, USA.

E-mail address: smuh1@hfhs.org (S.J. Muh).

https://doi.org/10.1016/j.jseint.2021.10.003
2666-6383/© 2021 The Authors. Published by Elsevier
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Background: Proper diagnosis of rotator cuff tears is typically established with magnetic resonance
imaging (MRI); however, studies show that MRI-derived measurements of tear severity may not align
with patient-reported pain and shoulder function. The purpose of this study is to investigate the capacity
for the Patient-reported Outcomes Measurements Information System (PROMIS) computer adaptive tests
to predict rotator cuff tear severity by correlating preoperative tear morphology observed on MRI with
PROMIS upper extremity (UE) and pain interference (PI) scores. This is the first study to investigate the
relationship between tear characteristics and preoperative patient-reported symptoms using PROMIS.
Considering the essential roles MRI and patient-reported outcomes play in the management of rotator
cuff tears, the findings of this study have important implications for both treatment planning and
outcome reporting.
Methods: Two PROMISecomputer adaptive test forms (PROMIS-UE and PROMIS-PI) were provided to all
patients undergoing rotator cuff repair by one of three fellowship-trained surgeons at a single institution.
Demographic information including age, sex, race, employment status, body mass index, smoking status,
zip code, and preoperative PROMIS-UE and -PI scores was prospectively recorded. A retrospective chart
review of small to large full- or partial-thickness rotator cuff tears between May 1, 2017 and February 27,
2019 was used to collect each patient’s MRI-derived tear dimensions and determine tendon involvement.
Results: Our cohort consisted of 180 patients (56.7% male, 43.3% female) with an average age of 58.9
years (standard deviation, 9.0). There was no significant difference in PROMIS-UE or -PI scores based on
which rotator cuff tendons were involved in the tear (P > .05). Neither PROMIS-UE nor PROMIS-PI
significantly correlated with tear length or retraction length of the supraspinatus tendon (P > .05).
The sum of tear lengths in the anterior-posterior and medial-lateral directions was weakly correlated
with PROMIS-UE (P ¼ .042; r ¼ -0.152, r2 ¼ 0.031) and PROMIS-PI (P ¼ .027; r ¼ 0.165, r2 ¼ 0.012).
Conclusion: Rotator cuff tear severity does not significantly relate to preoperative PROMIS-UE and -PI
scores. This finding underscores the importance of obtaining a balanced preoperative assessment of
rotator cuff tears that acknowledges the inconsistent relationship between rotator cuff tear character-
istics observed on MRI and patient-reported pain and physical function.

© 2021 The Authors. 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/).
Rotator cuff tears are a common cause of shoulder pain and
disability, resulting in millions of clinic visits and hundreds of
thousands of surgeries each year.10 The diagnosis and management
of rotator cuff tears is based on both a clinical evaluation of tear
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severity, which typically includes measures such as in-office
functional testing and shoulder imaging, and the patient’s self-
assessment of their injury. Patient-reported outcome (PRO) mea-
sures for the upper extremity (UE) are survey-based tools used to
quantify the patient’s perspective, allowing clinicians to track
subjective shoulder function and pain levels over time.4 For pa-
tients with rotator cuff tears, the relationship between tear severity
and patient-reported pain and disability is complex and variable.

Magnetic resonance imaging (MRI) is a commonly used imaging
modality for the preoperative evaluation of rotator cuff tears that
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measures tear severity based on observable characteristics, such as
tear size, number of torn tendons, and length of tendon retrac-
tion.9,13 However, MRI-based measurements of tear severity do not
always align with patient-reported pain and function.2,6,7,16 Dunn
et al demonstrated that length of rotator cuff tear did not correlate
with pain in patients with chronic, full-thickness rotator cuff tears.2

Furthermore, many patients with rotator cuff tears are asymp-
tomatic8,11,14,17 with half of all tears in individuals over the age of 50
years and two-thirds of tears over the age of 60 years being
asymptomatic.8 In addition to pain, tear severity has been shown to
inconsistently correlate with patient-reported shoulder func-
tion.6,7,16 This finding has been demonstrated for a number of PROs
used to assess UE function, including the American Shoulder and
Elbow Surgeons score, the Western Ontario Rotator Cuff (WORC)
index, and the Simple Shoulder Test (SST).6,7,16

The Patient-reported Outcomes Measurement Information
System (PROMIS) computer adaptive test (CAT) is a relatively new
addition to the collection of available PROs, but has quickly
demonstrated its potential for evaluating shoulder pathology,
proving to have increased reliability, precision, and efficiency
compared with existing PROs for the UE.1,3 To our knowledge, no
study has investigated the capacity of PROMIS-CAT to predict
objective measures of tear severity. Therefore, the purpose of this
study is to elucidate the relationship between tear characteristics
observed on MRI and PROMIS-UE and pain interference (PI) scores
in patients before undergoing rotator cuff repair. Considering the
essential role MRI and PROs play in the management of rotator cuff
tears, the findings of this study have important implications for
both treatment planning and outcome reporting.

We expect PROMIS-CAT, like other PROs for the UE, to be a poor
predictor of MRI-derived rotator cuff tear characteristics. More
specifically, we hypothesize that tear size, length of tendon
retraction, and which specific tendons were involved in the tear
will not significantly correlate with PROMIS-UE and -PI scores.

Materials and methods

Study design

This study was approved by the Henry Ford Health System
institutional review board (#11361) and was compliant with the
Health Insurance Portability and Accountability Act. Patients indi-
cated for rotator cuff repair were prospectively and consecutively
enrolled into a medical registry. All patients were assessed at a
single institution by one of three board-certified, fellowship-
trained orthopedic surgeons (two sports medicine surgeons and
one shoulder and elbow surgeon). A retrospective chart review of
small to large full- or partial-thickness rotator cuff tears between
May 1, 2017 and February 27, 2019was used to collect each patient’s
MRI-derived tear characteristics. Patients were included if they
were indicated for surgical repair of their rotator cuff tear (Common
Procedural Terminology [CPT] 29827), their tear involved the
supraspinatus tendon, they completed at least 1 PROMIS CAT
domain (within 1 year before surgery for preoperative patients),
and they had a preoperative MRI of the affected shoulder. Patients
less than 18 years of age, those with a previous shoulder surgery on
the same side, and thosewithout a tear of the supraspinatus tendon
were excluded. Of the 399 patients who were indicated for surgical
repair of the rotator cuff between May 1, 2017 and February 27,
2019, 180 met inclusion criteria.

Patient evaluation

Demographic information and preoperative PROMIS-UE and -PI
scores were prospectively recorded using an iPad (iPad tablet;
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Apple Inc., Cupertino, CA, USA). All patient demographic informa-
tion and PROMIS scores were collected using Research Electronic
Data Capture (REDCap, Vanderbilt University, Nashville, TN, USA),
an Health Insurance Portability and Accountability Act (HIPAA)-
compliant data collection application. Demographics collected
included the following: age, sex, race, employment status, body
mass index, smoking status, and zip code. Following previously
published methods,4,5 the zip code was used to determine median
household income with data from the 2019 United States
Census Bureau: (https://data.census.gov/cedsci/map?q¼michigan%
20median%20income&t¼Income%20%28Households,%20Families,%
20Individuals%29&tid¼ACSST1Y2019.S1901&hidePreview¼false&
vintage¼2019&layer¼VT_2019_860_00_PY_D1&cid¼S1901_C01_
001E&palette¼Teal&break¼5&classification¼Natural%20Breaks
&mode¼thematic).

PROMIS is scored using a reference population as the standard
T-score of 50, with a standard deviation (SD) of 10.12 Each patient
completed the PROMIS Upper Extremity Physical FunctioneCAT,
version 2.0, (PROMIS-UE) and Pain InterferenceeCAT, version 1.1,
(PROMIS-PI). A higher PROMIS-UE score denotes higher physical
function of the UE, whereas higher PROMIS-PI signifies greater pain
burden.

MRI was interpreted at the same institution as the surgeons by
board-certified radiologists or radiology residents whose in-
terpretations were attested by board-certified radiologists. Tear
dimensions were evaluated for anterior-posterior (AP) and medial-
lateral (ML) tear length, retraction length (RE), and number of
tendons involved in the tear. Tear size and RE were recorded in
millimeters. Number of rotator cuff tendons involved in the tear
was determined at the discretion of the radiologist and was defined
as any tendon with a tear in it, regardless of whether it was the
primary tear. This definition resulted in four tendon tear combi-
nations: supraspinatus alone, supraspinatus and infraspinatus,
supraspinatus and subscapularis, and involvement of all three. The
tear sum was calculated by adding the AP and ML tear length:
AP þ ML.

Statistical methods

An in-house statistician using SAS 9.4 (SAS Institute Inc., Cary,
NC, USA) conducted all statistical analyses. Significance was set at
P < .05. Categorical variables were reported as frequency and per-
centages. Descriptive statistics were used to analyze continuous
variables (median with range when not normally distributed and
mean ± SD when normally distributed). Normality was assessed
using the Shapiro-Wilk test. Spearman’s rank correlation coeffi-
cient was used to describe the relationship between two contin-
uous variables when normality was violated. Coefficients and
significance are reported. When comparing more than two groups,
analysis of variance was used with a post hoc Tukey test for sig-
nificance between groups.

Results

Between May 1, 2017 and February 27, 2019, 399 consecutive
patients indicated for surgical repair of the rotator cuff were
entered into the medical registry REDCap. After applying inclusion
and exclusion criteria, our cohort consisted of 180 patients with
supraspinatus tears. All patients participating in this study were
indicated for and underwent surgical repair of the rotator cuff.
Patient information is presented in Table I. The cohort consisted of
102 (56.7%) men and 78 (43.3%) women. Of these, 117 (65%) were
right-sided tears and 63 (35%) were left-sided tears; 100 (55.6%)
were right-sided complete tears, 61 (33.9%) were left-sided com-
plete tears, 17 (9.4%) were right-sided partial tears, and 2 (1.1%)
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Table I
Cohort information reported as means, medians, ranges, standard deviations, and percentages where applicable.

Variable Males Females

Number of patients (%) 102 (56.7%) 78 (43.3%)
Mean age in years (SD) 59.1 (8.9) 58.7 (9.1)
Affected side (right:left) 63:39 54:24
Race (%)
Caucasian 72 (70.6) 43 (55.1)
African-American 17 (16.7) 31 (39.8)
Other 13 (12.7) 4 (5.1)

Thickness (full:partial) 90:13 72:6
Tear location (%)
Supraspinatus alone 46 (45.1) 41 (52.6)
Supraspinatus þ infraspinatus 21 (20.6) 18 (23.1)
Supraspinatus þ subscapularis 20 (19.6) 9 (11.5)
Supraspinatus þ infraspinatus þ subscapularis 15 (14.7) 10 (12.8)

Additional diagnoses (%)
Impingement 90 (88.2) 62 (79.5)
Bicipital tendinitis 10 (9.8) 13 (16.7)
Acromioclavicular arthritis 6 (5.9) 9 (11.5)

BMI (SD) 30.5 (5.8) 31.6 (6.6)
Smoking (%)
Never 66 (64.7) 52 (66.7)
Former 29 (28.4) 24 (30.8)
Current 7 (6.9) 2 (2.5)

Employment (%)
Employed 62 (60.8) 46 (59.0)
Unemployed 3 (2.9) 6 (7.7)
Retired 17 (16.7) 16 (20.5)
Other 17 (16.7) 10 (12.8)
Unknown 3 (2.9) 0 (0)

Median household income (range) $797,411 (27,337-147,180) $58,161.0 (23,169-147,180)
Surgeon (%)
SM 14 (13.7) 7 (9.0)
EM 35 (34.3) 30 (38.5)
VM 53 (52.0) 41 (52.6)

SD, standard deviation; BMI, body mass index.
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were left-sided partial tears. Eighty-seven (48.3%) of the tears
involved the supraspinatus alone, 39 (21.7%) involved the supra-
spinatus and infraspinatus, 29 (21.7%) involved the supraspinatus
and subscapularis, and 25 (13.9%) involved all three tendons. Many
patients in our cohort had other shoulder pathologies in addition to
rotator cuff tear. These included 152 (84.4%) cases of impingement,
23 (12.8%) cases of bicipital tendinitis, and 15 (8.3%) cases of
acromioclavicular joint arthritis. The average body mass index was
calculated to be 31.0 kg/m2 (SD 6.2). Regarding smoking status, 118
(65.6%) patients never smoked, 53 (29.4%) were former smokers,
and 9 (5.0%) were current smokers. One hundred eight (60.0%)
patients were employed, 9 (5.0%) were unemployed, 33 (18.3%)
were retired, 27 (15.0%) belonged to other category, and 3 (1.7%)
had an unknown employment status. The average median house-
hold income for our cohort was $73,530 (SD $29,401). Of the three
surgeons who participated in this study, SM assessed 21 (11.7%)
cases, EM assessed 65 (36.1%) cases, and VM assessed 94 (52.2%)
cases.

For all groups, the median AP and ML tear length was 16.0 mm
(range in mm, 0.0 to 50.0) and 13.0 mm (range in mm, 2.0 to 50.0),
respectively. The median RE was 24.0 mm (range in mm, 5.5 to
55.0), whereas the median tear length sumwas 21.20 mm (range in
mm, 3.0 to 100.0). The median PROmeasure values are represented
in Table II. Themedian PROMIS-UE and -PI for all groups were 29.20
mm (range inmm,14.7 to 50.7) and 62.80mm (range inmm, 50.1 to
77.8), respectively.

Figures 1 and 2 display preoperative PROMIS-UE and -PI scores
categorized bywhich rotator cuff tendons were involved. Therewas
no significant difference detected between any of the groups
regarding PROMIS-UE and -PI (P > .05). The four groups of
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supraspinatus alone, supraspinatus and infraspinatus, supra-
spinatus and subscapularis, and involvement of all three tendons
are further expanded on with median and range values for AP and
ML tear length, RE, and tear sum in Table II.

Table III describes the relationship between preoperative
PROMIS-UE or -PI scores and supraspinatus tendon tear di-
mensions. PROMIS-UE and -PI did not significantly correlate with
AP and ML tear length or RE of the supraspinatus tendon (P > .05).
However, the sum of tear lengths (AP þ ML) was weakly correlated
with PROMIS-UE (P ¼ .042; r ¼ -0.152, r2 ¼ 0.031) and -PI (P ¼ .027;
r ¼ 0.165, r2 ¼ 0.012).

Discussion

The objective of this study was to investigate the capacity for
PROMIS-CAT to predict rotator cuff tear severity by correlating
preoperative tear characteristics observed on MRI with PROMIS-UE
and -PI scores. This study found that PROMIS-UE and -PI were not
associated with supraspinatus tear length or degree of tendon
retraction. Furthermore, there was no significant difference in
PROMIS-UE and -PI scores based on which rotator cuff tendons
were torn. Although the sum of tear lengths in the AP and ML di-
rections was significantly correlated with PROMIS-UE and -PI, this
association was weak. To our knowledge, this is the first study to
demonstrate the limitations of PROMIS with regard to predicting
rotator cuff tear characteristics measured on preoperative MRI.

The lack of association between tear size and PROMIS-PI is
consistent with prior studies investigating how rotator cuff tears
relate to shoulder pain. These studies have shown that many ro-
tator cuff tears are asymptomatic8,11,14,17 and that larger tears are



Table II
Tear dimensions and preoperative PROMIS-UE and PROMIS-PI by tendon involvement reported as medians and ranges.

Measure All groups Supraspinatus alone Supraspinatus þ
infraspinatus

Supraspinatus þ
subscapularis

Supraspinatus þ
infraspinatus þ subscapularis

Tear characteristics
Anterior-posterior tear length (mm) 16.0 (0.0 to 50.0) 14 (0 to 27.0) 25 (0 to 50.0) 12 (2.0 to 25.0) 26 (0 to 50.0)
Medial-lateral tear length (mm) 13.0 (2.0 to 50.0) 12 (2.0 to 30.0) 24 (8.0 to 50.0) 7.5 (2.0 to 21.0) 28 (10.0 to 43.0)
Retraction length (mm) 24.0 (5.50 to 55.0) 14.5 (7.0 to 40.0) 27 (15.0 to 54.0) 19 (15.0 to 35.0) 27.5 (14.0 to 40.0)
Tear length sum (mm) 21.20 (3.0 to 100.0) 19 (3.0 to 55.0) 26 (14.0 to 100.0) 19 (4.0 to 46.0) 30 (12 to 84.0)

PROMIS
PROMIS-UE 29.20 (14.70 to 50.70) 30.2 (6.1) 30.9 (6.2) 31.5 (6.3) 28.1 (6.4)
PROMIS-PI 62.80 (50.10 to 77.80) 62.3 (5.6) 61.7 (5.4) 62.0 (4.2) 64.1 (4.6)

PROMIS, Patient-reported Outcomes Measurement Information System; UE, upper extremity; PI, pain interference.

Figure 1 The boxplot of rotator cuff tear tendon involvement and preoperative PROMIS-UE where X denotes the mean and the midline denotes the median. None of the groups
were significantly different. PROMIS, Patient-reported Outcomes Measurement Information System; UE, upper extremity.

Figure 2 The boxplot of rotator cuff tear tendon involvement and preoperative PROMIS-PI where X denotes the mean and the midline denotes the median. None of the groups were
significantly different. PROMIS, Patient-reported Outcomes Measurement Information System; PI, pain interference.
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Table III
Univariate analysis of supraspinatus tendon tear dimensions and preoperative PROMIS.

Outcomes Preoperative PROMIS-UE Preoperative PROMIS-PI

N r P value N r P value

AP tear length 173 �0.114 .134 173 0.122 .110
ML tear length 90 �0.202 .056 90 0.083 .436
Retraction length 94 0.107 .307 94 �0.013 .902
Tear sum 180 �0.152 .042* 180 0.165 .027*

PROMIS, Patient-reported Outcomes Measurement Information System; UE, upper extremity; PI, pain interference; AP, anterior-posterior; ML, medial-lateral.
Tear sum was significantly correlated with PROMIS-UE and -PI.

*Indicates statistical significance (P < .05).
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not necessarily more painful.2,16 Dunn et al found no association
between several measures of rotator cuff tear severity (tendons
involved, amount of retraction, presence of humeral head migra-
tion, and amount of fatty infiltration of the supraspinatus) and vi-
sual analog scale (VAS) pain scores. However, greater pain was
associated with several patient factors, such as education level,
race, and number of comorbidities.2 Another study found that VAS
for shoulder pain correlated with mental health assessed using the
Short Form-36 Mental Component Summary, but not tendon
retraction, tear area, or number of tendons torn.16 In summary,
shoulder pain from rotator cuff tears does not appear to follow a
clear relationship with tear severity and is likely influenced by
many nonanatomical factors, including mental health and patient
demographics.

Although this is the first study to investigate the association
between tear size and preoperative patient-reported physical
function using PROMIS-UE, several studies have previously exam-
ined this relationship using other PROs for the UE. In a cohort of 389
patients with atraumatic, symptomatic, full-thickness rotator cuff
tears, Harris et al demonstrated that tear size was not associated
with the WORC score, except when comparing isolated supra-
spinatus tears with large tears involving the supraspinatus, infra-
spinatus, and subscapularis tendons.7 Similarly, Gibson et al found
no significant difference in the WORC score between tear severity
categories based on tear thickness and number of tears.6 Wylie et al
found weak correlations between VAS function and tear size and
length of tendon retraction and a strong correlationwith number of
tendons torn. However, the American Shoulder and Elbow Sur-
geons score and SSTwere not correlatedwith tear size or number of
tendons torn, and only the SST was correlated with length of
tendon retraction.16 These findings suggest that no individual or
combination of tear characteristics can be used to accurately infer
how a patient perceives their level of disability.

PROs, including PROMIS, are tools with several inherent features
that may make drawing comparisons between tear size and
patient-reported function difficult. A single, distilled score from any
PRO may not be specific or detailed enough to represent a 3-
dimensional tear within a joint as complex as the shoulder. Using
the PROMIS as an example, a patient with a full-thickness tear of
the subscapularis may report significant disability with internal
rotation of the humerus and ultimately score 40 on PROMIS-UE.
Another patient may have generalized disability involving several
rotator cuff tendons and also have a PROMIS-UE score of 40.
Furthermore, certain question and answer combinationsdor
certain specific patient scenariosdmay offer more reliable predic-
tive power in the diagnosis of complex joint pathologies.

Our results suggest that rotator cuff tear dimensions and the
extent of rotator cuff tendon involvement should be considered in
the context of patient history, preference, and perceived disability
when selecting treatment options as these rotator cuff tear char-
acteristics do not significantly relate to patient-reported pain and
physical function. MRI can and should be used for diagnosis and the
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preoperative planning of surgical intervention. However, findings
on MRI such as tear size or tendon involvement should not be used
as indicators for surgery with the assumption that the patient is
more physically debilitated or has more pain. The findings of this
study underscore the importance of obtaining a balanced assess-
ment of rotator cuff tears that acknowledges the inconsistent
relationship between imaging findings and the subjective patient
experience.

This study has limitations. Tear size on MRI was determined by
several different radiologists at multiple locations within the same
hospital system. This may result in variability within the measured
tear sizes and REs. In addition, patients were recruited from a single
metropolitan area which may limit the generalizability of these
data to other patient populations. Finally, this study did not include
patients who had a rotator cuff tear, but were not indicated for
surgery. Patients indicated for surgery have typically already failed
nonoperative measures, such as physical therapy, nonsteroidal
anti-inflammatory medications, and injections.15 Therefore, our
findings cannot be applied to patients who are managed with
conservative treatment alone. Currently, we are unaware of any
study that has examined the relationship between rotator cuff tear
characteristics and PROs and stratified patients based on whether
they were managed conservatively or with surgery. This is a po-
tential direction for future research.

Conclusion

PROMIS-UE and -PI scores do not significantly correlate with
tear size, supraspinatus tendon retraction, or extent of rotator cuff
tendon involvement in patients indicated for rotator cuff repair.
MRI is an effective tool for evaluating rotator cuff tears and deter-
mining tear severity. However, it is important to recognize that
imaging findings may not relate to the subjective experience of our
patients regarding pain and shoulder function.
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