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Background: Clinically significant outcome (CSO) thresholds for the Patient-Reported Outcome Measurement Information
System–Upper Extremity (PROMIS–UE) score have been previously defined after arthroscopic rotator cuff repair (RCR). However,
the time required to achieve CSOs for the PROMIS–UE score is unknown.

Purpose: To (1) determine the time required to achieve the minimal clinically important difference (MCID), substantial clinical
benefit (SCB), and Patient Acceptable Symptom State (PASS) score thresholds after RCR for the PROMIS–UE questionnaire and
(2) identify patient factors associated with earlier or delayed achievement of these clinical benchmarks.

Study Design: Case-control study; Level of evidence, 3.

Methods: A prospectively maintained institutional database was retrospectively reviewed for consecutive patients who underwent
RCR between January 2018 and January 2019. Patients were included if they completed the PROMIS–UE questionnaire both
preoperatively and at standardized postoperative time intervals: 5 to 7 months (6-month time point), 11 to 13 months (1-year time
point), and�23 months (2-year time point). Kaplan-Meier survival curves with interval censoring were used to define the cumulative
percentage of patients who achieved the MCID, SCB, and PASS. Patient variables associated with earlier or delayed achievement
of the MCID, SCB, and PASS were determined using Weibull parametric survival regression analysis.

Results: Included were 105 patients undergoing RCR (age, 57.3 ± 10.3 years; body mass index, 31.5 ± 6.1 kg/m2). By 2-year
follow-up, the cumulative percentage of patients achieving the MCID, SCB, and PASS was 86.7%, 76.2%, and 74.3%, respec-
tively. The mean time required to reach the MCID, SCB, and PASS score thresholds was 9.5 ± 3.8, 10.3 ± 4.4, and 9.8 ± 4.6 months,
respectively. Factors associated with delayed achievement of CSOs included greater baseline PROMIS–UE score (MCID and SCB)
and workers’ compensation insurance (PASS). Greater baseline PROMIS–UE scores were associated with earlier achievement of
the PASS.

Conclusion: Most patients achieved CSOs for the PROMIS–UE within 12 months of RCR. Patient-specific factors found to be
associated with earlier or delayed achievement of CSOs can be used to inform patient discussions on the expected timeline for
recovery after RCR.

Keywords: Kaplan-Meier survival analysis; minimal clinically important difference; Patient Acceptable Symptom State; Patient-
Reported Outcome Measurement Information System; rotator cuff repair; substantial clinical benefit

Rotator cuff tears are common injuries in the United States,
affecting around 40% of those who are 60 years,25 with
approximately 250,000 repairs performed annually.5 As
clinicians continue to optimize repair techniques, rotator
cuff (RC) repairs (RCRs) have been shown to improve

clinical outcomes in appropriately indicated patients, with
low complication and revision rates.10,33,36,38 Patient-
reported outcome (PRO) measures (PROMs) have been val-
idated and utilized to trace patient progression toward
recovery after upper extremity injuries.42 As health sys-
tems begin transitioning to value-based models of care,
PROMs represent a promising objective scale and bench-
mark for assessing the clinical benefit of RCR.18 However,
there remains a substantial amount of heterogeneity in

The Orthopaedic Journal of Sports Medicine, 11(4), 23259671231157038
DOI: 10.1177/23259671231157038
ª The Author(s) 2023

1

This open-access article is published and distributed under the Creative Commons Attribution - NonCommercial - No Derivatives License (https://creativecommons.org/
licenses/by-nc-nd/4.0/), which permits the noncommercial use, distribution, and reproduction of the article in any medium, provided the original author and source are
credited. You may not alter, transform, or build upon this article without the permission of the Author(s). For article reuse guidelines, please visit SAGE’s website at
http://www.sagepub.com/journals-permissions.

https://doi.org/10.1177/23259671231157038
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


which outcomes are reported after RCR.28 Current PROMs
place a significant degree of question burden and respondent
fatigue, leading to poor compliance rates and long-term fol-
low-up.40 Furthermore, these tools generate financial and
administrative burdens as well as performance constraints
because of the inherent subjectivity in the context of shoul-
der arthroscopy and RCR.2,15,42

To address the shortcomings of PROMs, the National
Institutes of Health created the Patient-Reported Out-
comes Measurement Information System (PROMIS)—a
patient-centered outcome assessment of 4 to 12 questions
that integrates item-response theory with computer adap-
tive testing. In doing so, the PROMIS questionnaire com-
prises a single, standardized metric with favorable
psychometric performance relative to legacy PROMs.42

Specifically, the PROMIS–Upper Extremity (PROMIS–
UE) questionnaire has shown unique advantages as com-
pared with both legacy and other PROMIS instruments,
including early responsiveness, faster time to completion,
fewer floor and ceiling effects, decrease in test burden, and
increase in compliance rates leading to a higher power in
the measure,3,27,43 particularly in the context of rotator cuff
pathologies.1,34,42

Of late, research has transitioned from reporting
statistically significant improvements after surgery to
determining the changes in PROM scores that correspond
to clinically significant outcomes (CSOs). Various measures
have been proposed to define CSOs after RCR, including
the minimal clinically important difference (MCID), sub-
stantial clinical benefit (SCB), and Patient Acceptable
Symptom State (PASS).4,7 The MCID represents the mini-
mal improvement in the PROM score that corresponds to
clinically significant improvement, whereas the SCB repre-
sents the PROM score change associated with substantial
clinical improvement.17 In contrast, the PASS is defined as
an absolute postoperative PROM score associated with
overall satisfaction. Yet, the time required to achieve these
measures after a surgical intervention has received less
attention. Determining the time required for a patient to
achieve CSOs provides several potential benefits, including
calibrating patient and physician expectations for outcome

improvement, informing physician decision making, and
establishing follow-up time frames through the course of
treatment. Recently, Manderle et al29 evaluated the time
necessary to achieve MCID, SCB, and PASS after RCRs for
commonly utilized legacy PROM measures, such as the
American Shoulder and Elbow Surgeons (ASES) score.

To our knowledge, no prior studies have investigated the
time-dependent achievement of CSOs for the PROMIS–UE
score after RCR. The purpose of the present study was to (1)
determine the time required to achieve the MCID, SCB,
and PASS after RCR for the PROMIS–UE questionnaire
and (2) identify patient factors associated with earlier or
delayed achievement of these clinical benchmarks. The
authors hypothesized that the majority of patients would
reach the MCID, SCB, and PASS thresholds for the PRO-
MIS questionnaire between 6 and 12 months after surgery.

METHODS

Study Design and Methods

This investigation received institutional review board
approval before initiation. The study population and
patient-selection process implemented in the present study
are described in detail by Haunschild et al.19 In brief, a
prospectively collected database of patients from a single
institution between January 2018 and January 2019 was
retrospectively queried for patients who underwent pri-
mary RCR. During the study period, a total of 180 consec-
utive patients undergoing RCR who completed the baseline
PROMIS–UE questionnaire were identified. Completed 12-
month postoperative PROMIS–UE scores were used as the
criteria to identify the study cohort. These data were pre-
viously collected and described in the literature.19 In the
present study, PROMIS–UE scores were subsequently
administered to the same cohort at 24 months postopera-
tively. In addition, the electronic medical record was retro-
spectively reviewed for completed PROMIS–UE scores at 6
months postoperatively. Four surgeons (A.B.Y., B.F., B.J.C.,
and N.N.V.) in the sports medicine service at the senior
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author’s institution (N.N.V.)contributed patients to this reg-
istry. Trained research personnel administered baseline
function and pain assessments before surgery. This informa-
tion was stored in electronic data collection services (Out-
come Based Electronic Research Database; Universal
Research Solutions; and Patient IQ), which were utilized
to collect postoperative PROMs. The PROMIS–UE score was
collected at standardized, postoperative time points: 5 to 7
months (6-month time point), 11 to 13 months (1-year time
point), and �23 months (2-year time point).

Patient Selection

Patients were included if they had undergone primary
arthroscopic RCR and completed the PROMIS–UE ques-
tionnaire form both preoperatively and at a minimum of 1
postoperative time point. The exclusion criteria consisted of
patients undergoing superior capsular reconstruction, rota-
tor cuff debridement, patch augmentation repairs, revision
repairs, and biologic augmentation (including platelet-rich
plasma and bone marrow aspirate concentrate) to the index
procedure. The medical records of identified patients were
subsequently reviewed to collect pertinent patient vari-
ables, including demographic (age, sex, body mass index
[BMI], smoking status, and workers’ compensation status),
clinical (preoperative range of motion, duration of symp-
toms, and preoperative imaging), and operative details
(laterality, tear size, retraction, type of repair performed,
and concomitant procedures). The duration of symptoms
(ie, the interval between injury and surgery) was catego-
rized into �3 months and >3 months based on previous
literature.41 Tear size was classified using the methods
detailed by DeOrio and Cofield9: small tears were <1 cm,
medium tears were between 1 and 3 cm, large tears were
between 3 and 5 cm, and massive tears were strictly 5 cm.
Goutallier staging was used to assess the degree of fatty
infiltration based on preoperative magnetic resonance
imaging. Preoperative imaging was reviewed and mea-
sured independently by 2 board-certified orthopaedic sur-
geons (M.C.F. and A.B.Y.).

Outcome Measures

The primary outcome measure was the PROMIS–UE
Version 1.2 (Appendix Table A1),21 which was collected at
baseline and each postoperative time interval. This score is
measured using a T-score metric, where the mean score for
the sample population is 50 ± 10 and can take any value
between 20 and 80 points, with a higher score signifying a
higher level of function. At 1 month before each postopera-
tive time point (6 months, 1 year, and 2 years), patients
received an email requesting the completion of the PRO-
MIS questionnaire. A reminder email was sent every 5 days
until 1 month after the 6-month and 1-year time points or
until the form was submitted, allowing 2 months for com-
pletion. Patients completed the 2-year follow-up survey at a
minimum of 23 months postoperatively. The PROMIS–UE
score at each specific time point was then used to determine
CSO achievement.

Statistical Analysis

The methodology used for statistical analysis has been
described in detail in previously published literature.11,29

Briefly, the cohort-specific MCID, SCB, and PASS thresh-
old values were obtained from prior literature on primary
RCR19 (MCID, 4.87; SCB, 7.95; PASS, 39). The cumulative
achievement of the MCID, SCB, and PASS at each postop-
erative period (5-7 months, 11-13 months, and�23 months)
was determined via Kaplan-Meier survival curve analysis
and interval censoring. Patients with incomplete PROMIS–
UE data were included in the analysis and were designated
as nonachievers of the MCID/SCB/PASS at that specific
postoperative period.11 Thus, data points for the PROMIS–
UE were available for inclusion in the multivariate model for
every patient at each postoperative time point.

The time required to reach the MCID, SCB, and PASS
threshold values for the study population was calculated
by averaging the earliest time point that each patient met
the PROMIS–UE score necessary for achievement. For
example, patients reaching the appropriate score thresholds
at 6 or 12 months postoperatively were considered achievers
of the MCID by 24 months postoperatively, regardless of
whether they had 24-month PROMIS–UE scores avail-
able.11 Weibull parametric survival regression analysis was
used to determine the influence of patient factors on the time
to achieve the MCID, SCB, and PASS threshold values.11,32

Variables included in the regression analysis were chosen
based on previous literature:19 age; sex (female vs male);
BMI; interval between injury and surgery (�3 vs >3
months); current smoking status; insurance status (workers’
compensation vs other); preoperative range of motion (exter-
nal rotation, forward flexion); concomitant procedures
(biceps tenodesis, distal clavicle excision); preoperative PRO-
MIS–UE score; rotator cuff tear size; and Goutallier stage.
Statistical analysis was performed with RStudio software
Version 4.0.4 (R Foundation for Statistical Computing).

RESULTS

Demographic Characteristics of the Study Population

Of the 105 patients with completed preoperative and
12-month postoperative PROMIS–UE scores, 70 (66.7%)
and 63 (60%) patients completed the PROMIS–UE ques-
tionnaire at 6 (range, 5-7 months) and 24 (range, 23-33
months) months after surgery, respectively. The mean age
and BMI of the study population were 57.3 ± 10.3 years and
31.5 ± 6.1 kg/m2, respectively, and 30.5% were women. The
most common rotator cuff tear size classification was
medium (n ¼ 46 [44.7%]). The most common degree of rota-
tor cuff muscle fatty infiltration was Goutallier stage 1
(n ¼ 49 [47.6%]). The demographic characteristics of the
study population is fully described in Table 1.

Time to Achievement and PROMIS–UE Scores

The mean baseline, 6-month, 12-month, and 24-month
postoperative PROMIS–UE scores for the entire study
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cohort were 31.6 ± 7.6, 40.9 ± 9.8, 44.4 ± 9.8, and 45.4 ± 11.6,
respectively. By 2 years postoperatively, a total of
91 (86.7%) patients achieved the MCID, 80 (76.2%) achieved
SCB, and 78 (74.3%) achieved PASS thresholds for the
PROMIS–UE score (Table 2). However, the majority
achieved these thresholds at or before 12 months postoper-
atively, with only a small minority achieving such thresh-
olds between 12 and 24 months postoperatively. For those
who achieved these goals, the mean time required to

achieve the MCID, SCB, and PASS for the PROMIS–UE
score was 9.5 ± 3.8, 10.3 ± 4.4, and 9.8 ± 4.6 months, respec-
tively (Figure 1).

Factors Associated With Time to Achieve MCID,
SCB, and PASS

Regarding the MCID, greater preoperative PROMIS–UE
scores (hazard ratio [HR], 0.938 [95% CI, 0.909-0.968];
P < .001) were significantly associated with delayed
achievement. No factors were significantly associated with
earlier achievement of the MCID (Table 3). Regarding the
SCB, greater preoperative PROMIS–UE scores (HR, 0.909
[95% CI, 0.875-0.944]; P < .001) were significantly associ-
ated with delayed achievement. No factors were signifi-
cantly associated with earlier achievement of the SCB
(Table 4). Regarding the PASS, workers’ compensation
insurance status (HR, 0.405 [95% CI, 0.186-0.881]; P ¼ .022)
was significantly associated with delayed achievement.
Earlier achievement of the PASS was significantly associ-
ated with greater preoperative PROMIS–UE scores (HR,
1.048 [95% CI, 1.016 -1.082]; P ¼ .003) (Table 5).

DISCUSSION

The present study defined the timeline of the MCID, SCB,
and PASS achievement for the PROMIS–UE score after
RCR and identified several important patient factors asso-
ciated with delayed and earlier achievement of these CSO
thresholds. The majority of the study cohort achieved the
MCID, SCB, and PASS thresholds for the PROMIS–UE
score within 12 months after RCR. Patients who did not
achieve these thresholds by 12 months postoperatively
were unlikely to do so at the 24-month follow-up. The mean
time required to achieve the MCID was 9.5 ± 3.8 months,
10.3 ± 4.4 months for the SCB and 9.8 ± 4.6 months for
the PASS. Patient factors significantly associated with ear-
lier achievement of CSOs included greater preoperative
PROMIS–UE scores (for PASS). Patient factors signifi-
cantly associated with delayed achievement of CSOs
included greater preoperative PROMIS–UE scores (for
MCID and SCB) and workers’ compensation insurance sta-
tus (for PASS). More severe RC disease on preoperative
imaging (eg, RC tear size, Goutallier stage) was not signif-
icantly associated with delayed achievement of CSOs. The
findings of the present study may be beneficial when edu-
cating and counseling patients on the expected timeline of
recovery after arthroscopic RCR.

The PROMIS–UE form has been extensively evaluated
for its psychometric properties and efficacy against legacy
PROs.39,42 Backed by the National Institutes of Health, it is
currently used in numerous point-of-care practices across
the United States, given its dynamically efficient short
form and computer adaptive testing format.27 Nonetheless,
as patients become increasingly interested in the results of
the surveys completed during their care, future iterations
of the PROMIS–UE should consider providing results in
plain language for patients to easily interpret, including
graphical representations and contextualized statistics.

TABLE 1
Baseline Characteristics of the Study Populationa

Characteristic
Mean ± SD, n,

or n (%)

Age, y 57.3 ± 10.3
Female sex 32 (30.5)
BMI, kg/m2 31.5 ± 6.1
Currently smoking 5 (4.8)
Range of motion, deg

Forward flexion 139.7 ± 37.3
External rotation 53.2 ± 20

Interval between injury and surgery >3 mo 79 (75.2)
Preoperative PROMIS–UE score 31.5 ± 7.5
Concomitant procedure

Distal clavicle excision 23 (21.9)
Biceps tenodesis 74 (70.5)
Subacromial decompression 96 (91.4)

RC tear size classificationb

Small 31
Medium 46
Large 21
Massive 5

Goutallier classificationb

Stage 0 25
Stage 1 49
Stage 2 24
Stage 3 5
Stage 4 0

aBMI, body mass index; PROMIS–UE, Patient-Reported Out-
come Measurement Information System–Upper Extremity; RC,
rotator cuff.

bBaseline radiographs were available in 103 (98.1%) of the 105
patients in the study cohort.

TABLE 2
Cumulative Percentage of CSO Achievement for

PROMIS–UEa

% of Patients

Time to Achieve MCID SCB PASS

6 months 41 30.5 36.2
1 year 84.8 72.4 70.5
2 years 86.7 76.2 74.3

aCSO, clinically significant outcome; MCID, minimal clinically
important difference; PASS, Patient Acceptable Symptom State;
PROMIS–UE, Patient-Reported Outcome Measurement Informa-
tion System–Upper Extremity; SCB, substantial clinical benefit.
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In addition, it is of importance to more accurately charac-
terize the expected timeline for improvement after RCR
using the PROMIS–UE tool, as this may influence patient
expectations and the allocation of limited resources
postoperatively.

While previous studies have established CSO thresholds
at discrete time points after RCR,7,16,19,23 few have investi-
gated the time-dependent achievement of CSOs in the post-
operative period. In a cohort of 203 primary RCR patients,
Manderle et al29 demonstrated that the mean time required
for patients to achieve the MCID for the ASES, Single
Assessment Numeric Evaluation (SANE), and Constant
score was 5 to 7 months after surgery, whereas the SCB
and PASS were achieved between 7 and 9 months postop-
eratively. In contrast, the present study found a slightly
longer mean time of 9 to 11 months for the achievement
of the MCID, SCB, and PASS thresholds for the
PROMIS–UE score. Although strong correlations have
been found between the PROMIS–UE and ASES scores in
patients undergoing RCR,1,13,24 recent literature demon-
strated that the PROMIS–UE underperforms psychometri-
cally relative to the ASES.24 Lavoie-Gagne et al24

performed psychometric validation of the PROMIS–UE
computer adaptive test in 107 patients undergoing arthro-
scopic RCR. The authors found that the PROMIS–UE had a
strong correlation with the ASES and minimal floor and
ceiling effects; however, most of the individual PROMIS–
UE question item responses demonstrated poor reliability
corresponding to shoulder function. In the present study,
the longer mean time-to-achievement and lower overall
achievement rates of the MCID and SCB compared with

the findings of Manderle et al support this finding and may
indicate that the PROMIS–UE is less sensitive relative to the
ASES for measuring improvement after RCR. Caution must
be exercised when choosing PROs for reporting research
results, as intrinsic differences in these metrics may create
the appearance of more rapid or delayed recovery in the same
patient cohort. As such, advocating for the continued stan-
dardization of outcome reporting after RCR is crucial.

The variable impact of preoperative outcome scores on
the achievement of different CSOs has been well-
established in the literature. Haunschild et al,19 in a cohort
of 105 primary RCR patients observed for a minimum of
12 months, demonstrated that lower baseline PROMIS–
UE scores were associated with the achievement of the
MCID and SCB. In contrast, higher baseline PROMIS–
UE scores were associated with the achievement of the
PASS. Analogous trends have been demonstrated in sev-
eral studies assessing the time required to achieve CSOs
after shoulder surgery.11,29 In 203 primary RCR patients,
Manderle et al29 found that greater preoperative ASES,
SANE, and Constant-Murley scores were associated with
delayed achievement of the MCID. This is consistent with
the findings of the present study, where greater preopera-
tive PROMIS–UE scores were associated with delayed
achievement of the MCID and SCB, but earlier achieve-
ment of the PASS. The opposite impact that baseline scores
have on achievement of the MCID/SCB compared with the
PASS is due to differences in how these metrics are calcu-
lated.19,37 The MCID and SCB quantify the clinically mean-
ingful improvement in functional status from baseline,
whereas the PASS represents an absolute PRO score

Figure 1. Proportion of study patients who achieved the MCID, SCB, and PASS thresholds for the PROMIS–UE score by post-
operative time point. The chart displays the number of patients yet to achieve clinically significant outcomes at each time point.
MCID, minimal clinically important difference; PASS, Patient Acceptable Symptom State; PROMIS–UE, Patient-Reported Out-
come Measurement Information System–Upper Extremity; SCB, substantial clinical benefit.
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threshold corresponding to overall satisfaction.31 In gen-
eral, patients with already high levels of functioning at
baseline are less likely to experience the functional
improvement required to surpass the MCID and SCB, and
vice versa. On the contrary, for patients with higher base-
line scores, less improvement is necessary to achieve a sat-
isfactory outcome (ie, the PASS score threshold) after
surgery. These findings may help inform patient selection
for RCR. For example, if a patient’s baseline PROMIS score
is relatively high, then a period of conservative manage-
ment and watchful waiting may be considered until a lower
baseline PROMIS score is achieved such that clinically sig-
nificant improvement is perceived by the patient more rap-
idly in the postoperative period.

Workers’ compensation insurance status was found to be
an independent predictor of delayed achievement of the
PASS. The negative association between workers’ compen-
sation status and outcomes after shoulder surgery has been
established in previous literature.8,14,20,30 When controlling
for covariates such as age, education level, work demands,
and preoperative expectations, workers’ compensation sta-
tus remains an independent predictor of poor outcomes
after RCR.20 Several potential explanations for this finding
include higher rates of noncompliance with postoperative
rehabilitation compared with nonworkers’ compensation

patients6 and decreased satisfaction from the inability to
return to full-duty heavy work secondary to functional lim-
itations or physician recommendation. In addition, the pre-
sent study demonstrated that more severe RC disease
documented on preoperative imaging (eg, RC tear size,
Goutallier stage) was not significantly associated with
delayed achievement of CSOs for the PROMIS–UE ques-
tionnaire. Previous literature has reported that preopera-
tive RC tear size and fatty infiltration are associated with
tendon integrity and risk of retear after RCR.12,22,26

Although somewhat counterintuitive, research has demon-
strated a disconnect between imaging findings of RC dis-
ease and patients’ subjective experience of shoulder pain
and function,35 which may explain the present findings.
Alternatively, it is possible that the PROMIS–UE question-
naire is not sensitive enough for the assessment of
shoulder-specific recovery after RCR.24 Nonetheless, our
findings suggest that patients undergoing RCR may expect
comparable timelines for achievement of clinical improve-
ment regardless of the preoperative RC disease state.

Limitations

Several limitations warrant consideration when interpret-
ing the results of the present study. First, the absence of

TABLE 3
Patient Factors Associated With Longer or Shorter Time to

Achieve MCID for PROMIS–UEa

Time to Achieve MCID,
HR (95% CI) P

Older age 1.007 (0.985-1.030) .531
Female sex 1.242 (0.741-2.082) .408
Greater BMI, kg/m2 1.008 (0.973-1.043) .672
Interval between injury and

surgery >3 mo
1.360 (0.802-2.306) .250

Currently smoking 1.005 (0.345-2.931) .992
Workers’ compensation 0.702 (0.347-1.419) .324
Preoperative

Greater external rotation 1.010 (0.996-1.024) .145
Greater forward flexion 0.999 (0.992-1.006) .789

Concomitant procedure
Biceps tenodesis 1.153 (0.672-1.980) .604
Distal clavicle excision 0.877 (0.507-1.515) .637

Greater preoperative PROMIS–
UE score

0.938 (0.909-0.968) < .001

Rotator cuff tear sizeb

Medium 1.148 (0.622-2.119) .658
Large 1.975 (0.886-4.404) .091
Massive 1.090 (0.286-4.149) .900

Goutallier stagec

2/3 0.854 (0.461-1.584) .617

aThe bold P value indicates statistical significance (P < .05).
BMI, body mass index; HR, hazard ratio; MCID, minimal clinically
important difference; PROMIS–UE, Patient-Reported Outcomes
Measurement Information System–Upper Extremity.

bThe reference category for comparison was small rotator cuff
tear size.

cThe reference category for comparison was Goutallier stage 0/1.
There were no patients with Goutallier stage 4.

TABLE 4
Patient Factors Associated With Longer or Shorter Time to

Achieve SCB for PROMIS–UEa

Time to Achieve SCB,
HR (95% CI) P

Greater age, y 1.014 (0.989-1.040) .270
Female sex 0.812 (0.467-1.413) .460
Greater BMI, kg/m2 1.005 (0.967-1.044) .810
Interval between injury and

surgery >3 mo
1.215 (0.678-2.176) .510

Currently smoking 1.417 (0.484-4.144) .520
Workers’ compensation 0.558 (0.273-1.143) .110
Preoperative

External rotation 0.998 (0.983-1.012) .740
Forward flexion 1.005 (0.997-1.013) .240

Concomitant procedure
Biceps tenodesis 1.354 (0.740-2.477) .320
Distal clavicle excision 0.776 (0.438-1.376) .380

Greater preoperative PROMIS–
UE score

0.909 (0.875-0.944) < .001

Rotator cuff tear sizeb

Medium 0.650 (0.354-1.193) .160
Large 0.680 (0.289-1.599) .370
Massive 0.933 (0.244-3.565) .920

Goutallier stagec

2/3 0.944 (0.473-1.886) .870

aThe bold P value indicates statistical significance (P < .05).
BMI, body mass index; HR, hazard ratio; PROMIS–UE, Patient-
Reported Outcomes Measurement Information System–Upper
Extremity; SCB, substantial clinical benefit.

bThe reference category for comparison was small rotator cuff
tear size.

cThe reference category for comparison was Goutallier stage 0/1.
No patients were Goutallier stage 4.
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complete PROMIS–UE data at each postoperative time
point may have resulted in a nonnegligible degree of mea-
surement bias. It is possible that the responses at 6 and
24 months postoperatively were biased toward those
patients choosing to respond. However, the compliance
rates achieved (6 months, 66.7%; 24 months, 60%) were in
accordance with previous literature19 and decreased the
impact of this potential limitation. Second, the PROMIS–
UE data were collected at fixed, 6-month intervals after
surgery. As such, the calculated mean time to achieve the
MCID, SCB, and PASS thresholds in this study reflects the
postoperative time points that data were collected and may
be limited in this regard. It is possible that obtaining PRO
data at earlier time points (eg, at 6 and 12 weeks postoper-
atively) would provide a more accurate description of the
time-dependent nature of outcome achievement. Collecting
more granular data in the first 6 months of surgery can be
challenging and increases the risk of questionnaire fatigue
and poor PRO compliance. Third, outcome data were con-
tributed by 4 surgeons at the authors’ institution, each of
which may have slight variations with respect to surgical
technique and postoperative rehabilitation protocols. Last,
several concomitant procedures (ie, distal clavicle excision,
biceps tenodesis) commonly performed at the time of

primary RCR at our institution were included, which may
have influenced outcome achievement. However, these
additional procedures were controlled for when performing
the multivariable regression analysis. It is possible that the
results of the present study do not generalize to patients
undergoing isolated RCR or different concomitant
procedures.

CONCLUSION

Most patients achieved CSOs for the PROMIS–UE within
12 months of RCR. Patient-specific factors found to be asso-
ciated with earlier or delayed achievement of CSOs can be
used to inform patient discussions on the expected timeline
for recovery after RCR.
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APPENDIX

TABLE A1
PROMIS Upper Extremity Version 1.2 Item Banka

Item ID Question

1 PFA16r1 Are you able to dress yourself, including tying shoelaces and buttoning your clothes?
2 PFA17 Are you able to reach into a high cupboard?
3 PFA18 Are you able to use a hammer to pound a nail?
4 PFA20 Are you able to cut your food using eating utensils?
5 PFA28 Are you able to open a can with a hand can opener?
6 PFA29r1 Are you able to pull heavy objects (10 pounds/5 kg) toward yourself?
7 PFA35 Are you able to open and close a zipper?
8 PFA38 Are you able to dry your back with a towel?
9 PFA44 Are you able to put on a shirt or blouse?
10 PFA48 Are you able to peel fruit?
11 PFA54 Are you able to button your shirt?
12 PFB21 Are you able to pick up coins from a tabletop?
13 PFB22 Are you able to hold a plate full of food?
14 PFB30 Are you able to open a new milk carton?
15 PFB33 Are you able to remove something from your back pocket?
16 PFB36 Are you able to put on a pullover sweater?

aResponse options for each question were as follows: 1 ¼ unable to do; 2 ¼ with much difficulty; 3 ¼ with some difficulty; 4 ¼ with a little
difficulty; or 5 ¼ without any difficulty. PROMIS, Patient-Reported Outcome Measurement Information System.

The Orthopaedic Journal of Sports Medicine Time to Clinically Significant PROMIS After ARCR 9



<<
  /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


