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Background: To better optimize the administration and postoperative tracking of patients using

PROMIS

PROM, the Patient-Reported Outcomes Measurement Information System (PROMIS) was estab-

Reverse shoulder arthroplasty

lished by the National Institutes of Health. PROMIS CAT domains have been since validated in

RSA

multiple orthopedic interventions of the shoulder. However, no one to date has studied the

Responsiveness

responsiveness of PROMIS CAT domains in a cohort of patients undergoing reverse shoulder

Early improvement

arthroplasty. The purpose of this study was to investigate the responsiveness of three PROMIS

Patient-reported outcomes

CAT domains in patients undergoing reverse shoulder arthroplasty.
Methods: Patients undergoing reverse shoulder arthroplasty by a board-certified shoulder

Physical function

and elbow surgeon were included in this study. PROMIS CAT Upper Extremity Physical
Function (“PROMIS-UE”), Pain Interference (“PROMIS-PI”), and Depression (“PROMIS-D”)
scores were collected preoperatively and at five postoperative timepoints. Patient-centric
demographic factors, range of motion, and clinical characteristics were also reviewed and
analyzed for association with PROMIS scores.
Results: 104 patients undergoing primary reverse shoulder arthroplasty were included in
this study. The patient cohort consisted of 52 males (50%), with an average age of 70.3 years
(standard deviation, 11.2), and a BMI of 30.2 (standard deviation, 6.1). All three PROMIS
domains showed significant improvement as early as 6 weeks after surgery, with values of
32.4 § 6.6, 56.2 § 7.5, and 44.6 § 8.6, for PROMIS-UE, PROMIS-PI, and PROMIS-D, respectively.
Significant improvements were noted for each postoperative timepoint thereafter, with 1year follow-up values as follows: 42.1 § 8.7, 52.5 § 8.6, and 43.6 § 9.5 for PROMIS-UE,
PROMIS-PI, and PROMIS-D, respectively. Moderate correlations were identified with postoperative PROMIS-UE and abduction (r = 0.439, p < 0.01), as well as postoperative PROMIS-PI
and PROMIS-D (r = 0.502, p < 0.01).
Conclusions: PROMIS CAT forms demonstrate responsiveness in patients undergoing reverse
shoulder arthroplasty.
Level of Evidence: Level II; Retrospective Study
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1. Introduction
Surgical management of end-stage glenohumeral joint arthritis, with or without rotator cuff arthropathy, has steadily
increased in prevalence over the past decades [22]. For years,
total shoulder arthroplasty (TSA) and hemiarthroplasty (HA)
were the leading operative interventions for patients suffering
from severe arthritis of the glenohumeral joint, but after FDA
approval in 2003, reverse shoulder arthroplasty (RSA) became
popularized in this patient cohort. RSA procedures have since
increased in numbers, in accordance with large increases of
total volume of shoulder arthroplasties, while both TSA and
HA procedures have shown decreases in relative volume
[5,25]. As such trends outline, orthopedic surgeons in recent
years have been presented with multiple feasible options for
treatment of cuff tear arthropathy. Several patient-reported
outcome measures (PROM) have been established and validated in shoulder arthroplasties to better aid physicians and
patients in the understanding of their postoperative outcomes
[2,3,21,23]. However, the majority of PROM have been inconsistently used and reported in the literature and thus has challenged their optimization in orthopedic use.
To better optimize the administration and postoperative
tracking of patients using PROM, the Patient-Reported Outcomes Measurement Information System (PROMIS) was
established by the National Institutes of Health. PROMIS has
emerged as a highly reliable and precise PROM that decreases
the burden on both health care providers and patients [12,20].
Moreover, PROMIS computer adaptive testing (CAT) forms
have demonstrated advantageous psychometric properties
when compared to other traditional PROM [11,24]. With the
use of item-response theory (IRT), PROMIS CAT forms ask
patients fewer questions per survey, and thus result in less
administration time in clinic [14]. Furthermore, each PROMIS
CAT domain is standardized to a reference population, so
that a score of 50 represents the mean and a change of 10
points represents 1 standard deviation.
PROMIS CAT domains have been validated in multiple
orthopedic interventions of the shoulder [10,17]. PROMIS
Upper Extremity (UE), PROMIS Pain Interference (PI), and
PROMIS Depression (D), have shown external validity and
responsiveness in patients undergoing rotator cuff repair
[7,19]. Responsiveness is defined as the ability of PROM scores
to change over time in line with postoperative recovery. In
total shoulder arthroplasty patients, PROMIS CAT forms have
also shown strong external validity when compared with
other traditional shoulder measures, such as the American
Shoulder and Elbow Surgeons (ASES), Marx Shoulder Activity
Scale, Short Form-36 (SF-36pF), and the Western Ontario
Osteoarthritis Shoulder (WOOS) index [4,9]. Furthermore, preoperative PROMIS scores have shown the ability to predict
postoperative recovery of patients undergoing TSA [1]. One
study investigated the functional workspace (FWS), a clinical
measure of shoulder mobility, of patients undergoing TSA or
RSA at different clinical time points and found significant correlation of these values with PROMIS-UE [18]. Flurin et al. previously elucidated key differences in outcome scores and
range of motion for RSA patients, when compared to TSA
patients, such as: lower active abduction, internal rotation,
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and active and passive external rotation. RSA patients also
displayed significantly greater outcome improvements, but
significantly less gain in ROM measures [8]. However, no one
to date has studied the responsiveness of PROMIS CAT
domains in a cohort of patients undergoing reverse shoulder
arthroplasty for cuff tear arthropathy.
The purpose of this study was to investigate the responsiveness of multiple PROMIS CAT forms in patients undergoing reverse shoulder arthroplasty. We hypothesize that
PROMIS-UE, PROMIS-PI, and PROMIS-D will all significantly
improve after surgery.

2. Methods
Institutional review board approval was obtained prior to initiation of this retrospective study. 105 total patients with cuff
tear arthropathy who underwent reverse shoulder arthroplasty by a board-certified shoulder and elbow surgeon,
between December 2017 and August 2019, were included in
this study. Patients were first identified by Current Procedural
Terminology (CPT) code 23,472 and then a chart review was
conducted to separate reverse shoulder arthroplasty patients
from total shoulder arthroplasty patients (TSA). TSA patients
were not included in the analysis for this study. Three
PROMIS CAT forms were administered to patients at their
clinical visit: Upper Extremity Physical Function v2.0, Pain
Interference v1.1, and Depression v1.0. The surveys were
completed on a tablet computer (iPad tablet; Apple Inc.,
Cupertino, CA, USA) through REDCap (Research Electronic
Data Capture), a password-encrypted, web-based platform
approved for storage and data capture. A larger score in each
domain represents a greater amount of the item being measured. Thus, a higher PI score would represent a larger interference of pain on a patient’s life, while a greater UE score
would indicate greater upper extremity physical functioning.
Inclusion criteria were as follows: English-speaking
patients undergoing reverse shoulder arthroplasty over the
age of 18 that presented with cuff tear arthropathy. Exclusion
criteria included patients undergoing revision, presence of
infection at the surgical site, humeral fracture, or refusal to
complete PROMIS CAT forms. Initially, 158 patients were
identified using CPT code indexing as previously established.
Of these patients, 28 were removed due to undergoing total
shoulder arthroplasty and a further 25 patients were removed
due to incomplete PROMIS CAT domains leaving 105 patients
in our cohort.
Patients provided demographic information in conjunction
with PROMIS scores. The following patient-centric factors
were collected: age, sex, race, employment status, body mass
index (BMI), tobacco use, and zip code. Zip code was used to
estimate median household income (MHI), following a previously published methodology [7], using the United States
Census Bureau website (https://factfinder.census.gov/faces/
nav/jsf/pages/community_facts.xhtml?src=bkmk).
Medical charts were reviewed to determine the following
preoperative range of motion values: ABER (abduction with
external rotation), ABIR (abduction with internal rotation),
forward flexion, abduction, internal rotation, and external
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rotation. Due to lack of consistent postoperative reporting,
only Abduction and Forward Flexion were assessed at the latest clinical timepoint. Operative notes were gleaned for
degree of glenoid version, prior to intervention, and patient
ASA (American Society of Anesthesiologists) status.

3. Results
104 patients undergoing primary reverse shoulder arthroplasty were included in this study. The patient cohort consisted of 52 males (50%), with an average age of 70.3 years
(standard deviation, 11.2), and a BMI of 30.2 (standard deviation, 6.1). All 104 implants showed intactness on postoperative radiological exams, at latest follow-up, and no revision
surgeries were performed to date. Further patient demographics and clinical characteristics can be seen in Table 1.
Baseline preoperative PROMIS CAT scores were 29.3 § 6.3,
63.8 § 5.1, 49.6 § 10.1, for PROMIS-UE, PROMIS-PI, and PROMISD, respectively. Only PROMIS-UE showed significant change
(23.6 § 5.6, p < 0.05) at the first clinical time point of 2-weeks
after surgery. All three PROMIS domains showed significant
improvement as early as 6 weeks after surgery, with values of
32.4 § 6.6, 56.2 § 7.5, and 44.6 § 8.6, for PROMIS-UE, PROMIS-PI,
and PROMIS-D, respectively. Significant improvements were
noted for each postoperative timepoint thereafter, with 1-year
follow-up values as follows: 42.1 § 8.7, 52.5 § 8.6, and 43.6 § 9.5
for PROMIS-UE, PROMIS-PI, and PROMIS-D, respectively.
Repeated measures ANOVA showed significant change across
time for each PROMIS domain (p < 0.05). Values for each time
point, along with ESI, can be seen in Fig. 1 and Table 2.
PCA analysis demonstrated that improvement of PROMISPI and PROMIS-D were significant factors correlated with
improvement of PROMIS-UE (p < 0.05). Preoperative forward
flexion and abduction were significant factors correlated with
preoperative PROMIS-UE (p < 0.05). Therefore, preoperative
PROMIS-UE t scores were grouped in buckets of <20.0,
20.0 30.0, and >30.0 to visualize the change in both PROMISUE and PROMIS-PI for patients with varying preoperative
upper limb function Figs. 2 and 3.
External validity analysis revealed moderate correlations
between preoperative PROMIS-UE and PROMIS-PI (r = 0.585,
p < 0.01), PROMIS-UE and ABIR (r = 0.441, p < 0.05), and
between PROMIS-PI and PROMIS-D (r = 0.436, p < 0.01). Postoperatively, moderate correlations were noted between
PROMIS-UE and abduction (r = 0.439, p < 0.01) and between
PROMIS-PI and PROMIS-D (r = 0.502, p < 0.01) Table 3.
Both PROMIS-UE and PROMIS-PI showed significantly different scores when compared across sex. Males displayed higher
physical function (32.0 § 6.2 vs 26.6 § 5.1, p < 0.05) and lower
pain interference (62.5 § 4.8 vs 65.1 § 5.1, p < 0.05). No differences were noted for PROMIS-D. No differences in any PROMIS
domain were noted for employment, smoking status, or race.
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Table 1 – Patient characteristics.
Characteristic

Mean

Standard
deviation

Age
Sex, n (%)
Male
Female
BMI
MHI
Smoking Status
Never
Former
Current
Race
White/Caucasian
African-American
Asian/Middle Eastern
Preoperative ROM (degrees)
ABER
ABIR
Abduction
Flexion
External Rotation
ASA Class
1
2
3
4
Preoperative Glenoid Version (degrees)

70.3

11.2

52 (50.0%)
52 (50.0%)
30.2
$67,078

6.1
$23,628

42 (40.4%)
56 (53.8%)
6 (5.8%)
74 (71.2%)
24 (23.1%)
6 (6.7%)
73.5
37.5
96.0
107.6
24.8

13.9
19.2
44.3
45.2
17.5

4 (3.8%)
39 (37.5%)
59 (56.7%)
2 (1.9%)
9.9

11.8

Abbreviations: Body Mass Index (BMI); Median Household Income
(MHI); Range of Motion (ROM); Abduction and External Rotation
(ABER); Abduction and Internal Rotation (ABIR); American Society
of Anesthesiologists (ASA).

achieve 80% power using an alpha value of 0.5. Repeated measures analysis of variance (ANOVA) was used to determine significant differences at postoperative time points. The Least
Significant Difference (LSD) Post Hoc test was used to determine
specific differences between each postoperative time point and
the baseline (preoperative) score. Effect size indices (ESIs) were
generated to determine the ability for each PROMIS domain to
detect change, at each time point. The following guidelines
were used for assessing ESI effect: <0.2, low effect; 0.2 0.8,
moderate effect; >0.8, large effect [13,15]. Principal component
analysis (PCA, Rotation Method: Varimax with Kaiser Normalization) was performed to isolate which group of preoperative
factors could predict improvement of each PROMIS domain.
External validity was assessed using Pearson and Spearman’s
correlation coefficients which identify interdomain correlation
between PROMIS scores, as well as associations between preoperative PROMIS domains and preoperative range of motion. The
correlation coefficients (r) were interpreted as follows: <0.19,
very weak; 0.20 0.39, weak; 0.40 0.59, moderate; 0.60 0.79,
strong; 0.80 1.00, very strong [6].

3.1. Statistical analysis

4. Discussion
All available data (N = 105) were analyzed. The primary outcome
of interest in this study was the responsiveness of each PROMIS
domain postoperatively. Power analysis revealed the study
would require 50 patients with pre- and postoperative scores to

The results of the present study suggest that PROMIS CAT
domains are responsive in adult patients undergoing reverse
shoulder arthroplasty. Furthermore, statistically significant
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Fig. 1 – Responsiveness of PROMIS to intervention over time (Mean § SD). Patients show improvement in all three PROMIS
domains after reverse shoulder arthroplasty.

improvements can be seen as early as 6-weeks postoperatively in PROMIS-UE, PROMIS-PI, and PROMIS-D.
Many cross-sectional studies of PROMIS CAT domains outline the efficiency, validity, and responsiveness in patients
with upper extremity pathology [7,10,16]. More specifically,
PROMIS CAT domain studies have also been validated as
responsive and useful measures for tracking total shoulder
arthroplasty patients [1,18], but no study to date has demonstrated the responsiveness or efficacy of PROMIS CAT domains
in measuring symptomatic states of reverse shoulder arthroplasty patients. The present study confirms our hypothesis

that PROMIS-UE, PROMIS-PI, and PROMIS-D all demonstrate
responsiveness to postoperative progression among reverse
shoulder arthroplasty patients. Unlike other studies evaluating
PROMIS effectiveness in shoulder arthroplasty cohorts, our
study isolated reverse shoulder arthroplasties from total
shoulder arthroplasty patients. Furthermore, as opposed to
the cross-sectional nature of many previous studies, the present study longitudinally assessed patients before and after surgery and showed significant improvements in each PROMIS
CAT domain at 1-year follow-up: 29.3 42.1 for PROMIS-UE,
63.8 52.5 for PROMIS-PI, and 49.6 43.6 for PROMIS-D.

Table 2 – Multiple comparisons of PROMIS scores between pre- and postoperative time points.
Measure

Baseline

2-Weeks

6-Weeks

3-Months

6-Months

1-Year

PROMIS-UE
ESI
PROMIS-PI
ESI
PROMIS-D
ESI

29.3 § 6.3

*23.6 § 5.6
0.90
63.7 § 9.2
0.02
47.8 § 9.8
0.18

*32.4 § 6.6
0.49
*56.2 § 7.5
1.49
*44.6 § 8.6
0.50

*37.8 § 6.8
1.35
*51.9 § 8.2
2.33
*44.2 § 8.5
0.53

*38.2 § 7.7
1.41
*52.4 § 9.4
2.24
*42.9 § 7.3
0.66

*42.1 § 8.7
2.03
*52.5 § 8.6
2.22
*43.6 § 9.5
0.59

63.8 § 5.1
49.6 § 10.1

Abbreviations: Patient-Reported Outcomes Measurement Information System (PROMIS); Upper Extremity (UE); Pain Interference (PI); Depression (D); Effect Size Index (ESI).
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30
25
20
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5
0

<20

20-30
Preoperative PROMIS-UE Scores

>30

Fig. 2 – Change in PROMIS-UE scores grouped by preoperative PROMIS-UE buckets. Asterisks are used to denote statistically
significant differences (p < 0.05). Abbreviations: Patient-Reported Outcomes Measurement Information System (PROMIS);
Upper Extremity (UE).

Beyond the ability of PROMIS CAT domains to dynamically
change relative to postoperative patient symptomatic states,
we show extensive external validity of each domain by
means of interdomain correlations. Significant correlations
among upper extremity physical functioning scores and multiple range of motion measurements (ABER, ABIR, abduction,
forward flexion) demonstrate the ability of PROMIS-UE to
assess real clinical presentations. These results are not atypical, as previous studies have suggested such correlation
among PROMIS domains in shoulder surgeries [1,7]. Fisk et al.
evaluated similar correlations among PROMIS CAT domains
in patients undergoing rotator cuff repair [7]. Unlike their

results, we show no significant correlation in preoperative
PROMIS-UE and PROMIS-D but echo their findings of significant correlations between PROMIS-UE and PROMIS-PI both
pre- and postoperatively. These differences may be explained
due to the degenerative, end-stage nature of shoulder injuries
requiring reverse shoulder arthroplasties. Patients undergoing RSA may have learned to adapt to their disability and pain
during the course of arthritic progression, and thus their
depression scores may not reflect changes in functioning as
clearly as rotator cuff repair patients’ do.
While unique in its nature, this study does present with
notable limitations. Primarily, all patients originated from an

5
PROMIS-PI T Score

0

-5
-10
-15
-20
-25

<20

20-30
Preoperative PROMIS-UE Scores

>30

Fig. 3 – Change in PROMIS-PI scores grouped by preoperative PROMIS-UE buckets. Abbreviations: Patient-Reported Outcomes
Measurement Information System (PROMIS); Upper Extremity (UE); Pain Interference (PI).
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Table 3 – Correlation of PROMIS domains and ROM.
Domain
Preoperative
PROMIS-UE and PI
PROMIS-UE and D
PROMIS-UE and ABER
PROMIS-UE and ABIR
PROMIS-PI and D
Postoperative
PROMIS-UE and PI
PROMIS-UE and D
PROMIS-UE and Ab
PROMIS-UE and FF
PROMIS-PI and D

R2

P value

Correlation strength

0.585
0.056
0.373
0.441
0.436

<0.01
0.656
0.046
0.027
<0.01

Moderate
None
Weak
Moderate
Moderate

0.392
0.339
0.439
0.341
0.502

<0.01
<0.01
<0.01
0.025
<0.01

Weak
Weak
Moderate
Weak
Moderate

Abbreviations: Patient-Reported Outcomes Measurement Information System (PROMIS); Range of Motion (ROM); Upper Extremity (UE); Pain
Interference (PI); Depression (D); Abduction and External Rotation (ABER); Abduction and Internal Rotation (ABIR); Abduction (Ab); Forward
Flexion (FF).

English-speaking metropolitan area, and thus these results
may not be generalizable to other geographies, such as rural
and remote patient populations. Furthermore, no other
patient-reported outcome measures were utilized in this
study for comparison against PROMIS domains. We acknowledge these limitations and note that a descriptive patient
demographics section was included to display a wide range
of MHIs and racial backgrounds to demonstrate the diverse
socioeconomic status present in our cohort. Furthermore, by
correlating preoperative ROM values to PROMIS domains, we
provided a means to validate the PROMIS domains with clinical measures. While our function and depression results
don’t reach normative values provided by PROMIS, we can
see that our pain values do near these values and overall the
patient progression nearly follows previous shoulder studies
[1,7]. These finidngs are also noted in elderly normative value
cohorts from the literature [26]. To our knowledge, no literature suggests that these patients reach normative averages of
physical functioning at any postoperative timepoint. Lastly,
our study did not aim to identify further clinically relevant
measure, such as minimal clinically important differences
(MCID), thus limiting the analysis of improvement at our follow-up time periods. The only currently published work on
MCID in shoulder arthroplasty patients defines an improvement of PROMIS-PF by 4.0, PROMIS-PI by 3.2, and PROMIS-D
by 4.3. Using these values, our study shows achievement of
MCID at 3-months for all three domains.

5. Conclusion
Reverse shoulder arthroplasty patients can be effectively
measured postoperatively by use of three PROMIS CAT
domains: PROMIS-UE, PROMIS-PI, and PROMIS-D. These three
domains show responsiveness and significant improvement
as early as 6-weeks postoperatively. No patient-centric factor,
other than sex, influenced preoperative PROMIS CAT
domains. Thus, clinicians should consider their current
patient-reported outcome collection to include PROMIS CAT
domains in shoulder arthroplasty patients.

Declaration of Competing Interest
None.

Funding
No financial support in the form of grants, equipment, or
other items was received for this project.

R E F E R E N CE S

[1] Chen RE, Papuga MO, Nicandri GT, Miller RJ, Voloshin I. Preoperative Patient-Reported Outcomes Measurement Information System (PROMIS) scores predict postoperative
outcome in total shoulder arthroplasty patients. J Shoulder
Elb
Surg
2019;28(3):547–54.
https://doi.org/10.1016/j.
jse.2018.08.040.
[2] Copay AG, Chung AS, Eyberg B, Olmscheid N, Chutkan N,
Spangehl MJ. Minimum clinically important difference: current trends in the orthopaedic literature, part I: upper
extremity: a systematic review. JBJS Rev 2018;6(9):e1. https://
doi.org/10.2106/JBJS.RVW.17.00159.
[3] Daw RLC, Gibson J, Prescot D, Bonnett L, Smith M. What is the
correlation between patient-reported outcome measure
(PROM) scores and patient satisfaction following elective
reverse total shoulder replacement? Shoulder Elb 2019;11
(2_suppl):42–7. https://doi.org/10.1177/1758573217744178.
[4] Dowdle SB, Glass N, Anthony CA, Hettrich CM. Use of PROMIS
for patients undergoing primary total shoulder arthroplasty.
Orthop J Sport Med 2017;5(9). https://doi.org/10.1177/
2325967117726044.
[5] Drake GN, O’Connor DP, Edwards TB. Indications for reverse
total shoulder arthroplasty in rotator cuff disease. Clinical
orthopaedics and related research, 468. New York: Springer;
2010. p. 1526–33. https://doi.org/10.1007/s11999-009-1188-9.
[6] Evans JD. Straightforward statistics for the behavioral sciences. Brooks/Cole Pub. Co; 1996.
[7] Fisk F, Franovic S, Tramer JS, et al. PROMIS CAT forms demonstrate responsiveness in patients following arthroscopic
rotator cuff repair across numerous health domains. J

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by Elsevier on September 10, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.

34

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

S

E M I N A R S

I N

AR

T H R O P L A S T Y

Shoulder Elb Surg 2019;28(12):2427–32. https://doi.org/
10.1016/j.jse.2019.04.055.
Flurin pH, Roche CP, Wright TW, Marczuk Y, Zuckerman JD. A
comparison and correlation of clinical outcome metrics in
anatomic and reverse total shoulder arthroplasty. Bull Hosp
Jt Dis 2015;73:S118–23.
Fu MC, Chang B, Wong AC, et al. PROMIS physical function
underperforms psychometrically relative to American Shoulder and Elbow Surgeons score in patients undergoing anatomic total shoulder arthroplasty. J shoulder Elb Surg 2019;28
(9):1809–15. https://doi.org/10.1016/j.jse.2019.02.011.
Hajewski CJ, Glass NA, Westermann RW, Bollier M, Wolf BR,
Hettrich C. Performance of the PROMIS after operative interventions for shoulder instability. Orthop J Sport Med 2019;7
(5). https://doi.org/10.1177/2325967119846920.
Hung M, Baumhauer JF, Brodsky JW, et al. Psychometric comparison of the PROMIS physical function CAT with the FAAM and
FFI for measuring patient-reported outcomes. Foot Ankle Int
2014;35(6):592–9. https://doi.org/10.1177/1071100714528492.
Hung M, Saltzman CL, Greene T, et al. The responsiveness of
the PROMIS instruments and the qDASH in an upper extremity population. J Patient-Rep Outcomes 2017;1(1). https://doi.
org/10.1186/s41687-017-0019-0.
Husted JA, Cook RJ, Farewell VT, Gladman DD. Methods for
assessing responsiveness: a critical review and recommendations. J Clin Epidemiol 2000;53(5):459–68. https://doi.org/
10.1016/s0895-4356(99)00206-1.
Kadri O, Jildeh TR, Meldau JE, et al. How long does it take for
patients to complete PROMIS Scores?: An assessment of
PROMIS CAT questionnaires administered at an ambulatory
sports medicine clinic. Orthop J Sport Med 2018;6(8):2.
https://doi.org/10.1177/2325967118791180.
Kenney RJ, Houck J, Giordano BD, Baumhauer JF, Herbert M,
Maloney MD. Do Patient Reported Outcome Measurement
Information System (PROMIS) scales demonstrate responsiveness as well as disease-specific scales in patients undergoing knee arthroscopy. Am J Sports Med 2019;47(6):1396–
403. https://doi.org/10.1177/0363546519832546.
Minoughan CE, Schumaier AP, Fritch JL, Grawe BM. Correlation of PROMIS Physical Function Upper Extremity Computer
Adaptive Test with American Shoulder and Elbow Surgeons
shoulder assessment form and Simple Shoulder Test in
patients with shoulder arthritis. J shoulder Elb Surg 2018;27
(4):585–91. https://doi.org/10.1016/j.jse.2017.10.036.
Minoughan CE, Schumaier AP, Fritch JL, Grawe BM. Correlation of PROMIS Physical Function Upper Extremity Computer
Adaptive Test with American Shoulder and Elbow Surgeons

: JSES 30 (2020) 28

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

34

shoulder assessment form and Simple Shoulder Test in
patients with shoulder arthritis. J Shoulder Elb Surg 2018;27
(4):585–91. https://doi.org/10.1016/j.jse.2017.10.036.
Ngan A, Xiao W, Curran PF, et al. Functional workspace and
patient-reported outcomes improve after reverse and total
shoulder arthroplasty. J shoulder Elb Surg 2019;28(11):2121–7.
https://doi.org/10.1016/j.jse.2019.03.029.
Patterson BM, Orvets ND, Aleem AW, et al. Correlation of
Patient-Reported Outcomes Measurement Information System
(PROMIS) scores with legacy patient-reported outcome scores
in patients undergoing rotator cuff repair. J shoulder Elb Surg
2018;27(6S):S17–23. https://doi.org/10.1016/j.jse.2018.03.023.
Rothrock NE, Kaat AJ, Vrahas MS, et al. Validation of PROMIS
physical function instruments in patients with an orthopaedic trauma to a lower extremity. Journal of orthopaedic
trauma, 33. Lippincott Williams and Wilkins; 2019. p. 377–83.
https://doi.org/10.1097/BOT.0000000000001493.
Schoch BS, King JJ, Wright TW, Vigan M, Werthel JD. Defining
the tipping point for primary shoulder arthroplasty. JSES
Open Access 2019;3(4):273–7. https://doi.org/10.1016/j.
jses.2019.09.009.
Smith CD, Guyver P, Bunker TD. Indications for reverse shoulder replacement: a systematic review. J Bone Jt Surg Br 2012;94
(5):577–83. https://doi.org/10.1302/0301 620X.94B5.27596.
Solberg MJ, Alqueza AB, Hunt TJ, Higgins LD. Predicting 1year postoperative visual analog scale pain scores and american shoulder and elbow surgeons function scores in total
and reverse total shoulder arthroplasty. Am J Orthop 2017;46
(6):E358–65.
Strong B, Maloney M, Baumhauer J, et al. Psychometric evaluation of the Patient-Reported Outcomes Measurement Information System (PROMIS) Physical Function and Pain
Interference Computer Adaptive Test for subacromial
impingement syndrome. J Shoulder Elb Surg 2019;28(2):324–9.
https://doi.org/10.1016/j.jse.2018.07.024.
Westermann RW, Pugely AJ, Martin CT, Gao Y, Wolf BR, Hettrich CM. Reverse shoulder arthroplasty in the united states:
a comparison of national volume, patient demographics,
complications, and surgical indications. Iowa Orthop J
2015;35:1–7.
Franovic S, Gulledge CG, Kuhlmann NA, Williford T, Chen C,
Makhni EC. Makhni EC Establishing “Normal” PatientReported Outcomes Measurement Information System Physical Function and Pain Interference Scores: A True Reference
Score According to Adults Free of Joint Pain and Disability. JB
JS Open Access 2019;4(4):e0019. https://doi.org/10.2106/JBJS.
OA.19.00019.

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by Elsevier on September 10, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.

