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Introduction

Patient satisfaction has increasingly become an indicator of 
quality of care in hand surgery. Accordingly, a growing 
number of patient-reported outcome (PRO) instruments 
have been introduced to assess treatment effects.1-3 In the 
hand and upper extremity, commonly administered PROs 
include the Disabilities of the Arm, Shoulder and Hand 
(DASH), the QuickDASH (a subset of DASH), the Patient-
Rated Wrist Evaluation (PRWE), the American Shoulder 
and Elbow Surgeons (ASES) score, and the Simple Shoul-
der Test (SST) questionnaires. Although these scales are 
valid and reliable measures of upper extremity disability,2-4 
there are limitations inherent to each of these static surveys. 
Lengthy questionnaires can lead to high responder burden 
that compromises the accuracy and completeness of survey 
material.3 Moreover, floor and ceiling effects may fail to 
capture the full range of patient experiences.4

Recognizing the barriers to adoption of traditional fixed-
length scales, the National Institutes of Health designed  
the Patient-Reported Outcomes Measurement Information  

System (PROMIS) to improve the efficiency and precision 
of PRO measures. The PROMIS consists of item banks that 
draw from a variety of health domains, including Physical 
Function (PF) and Pain Interference (PI). The key advan-
tage of PROMIS is the use of computer adaptive testing 
(CAT), a mode of test delivery based on item response the-
ory (IRT) which can increase measurement accuracy and 
reproducibility while reducing responder burden.5-7 Prelim-
inary studies of the PROMIS Physical PF CAT in patient 
populations with upper extremity conditions have shown 
favorable results compared with conventional metrics, 
including the DASH,5,6 the QuickDASH,8 and the ASES.9 
Furthermore, the PROMIS instrument has consistently 
exhibited minimal floor and ceiling effects while requiring 

880025 HANXXX10.1177/1558944719880025HANDLee and Calfee
research-article2019

1Washington University School of Medicine, St. Louis, MO, USA

Corresponding Author:
Ryan P. Calfee, Department of Orthopaedic Surgery, Washington 
University School of Medicine, 660 South Euclid Avenue, Campus Box 
8233, St. Louis, MO 63110, USA. 
Email: calfeer@wudosis.wustl.edu

The Minimal Clinically Important Difference 
for PROMIS Physical Function in Patients 
With Thumb Carpometacarpal Arthritis

Daniel J. Lee1 and Ryan P. Calfee1

Abstract
Background: This study was performed to determine the minimal clinically important difference (MCID) of Patient-
Reported Outcomes Measurement Information System (PROMIS) Physical Function (PF) computer adaptive test (CAT) for 
patients with thumb carpometacarpal (CMC) arthritis. Methods: This study retrospectively analyzed data from 152 adults 
receiving surgical and nonsurgical care for unilateral thumb CMC arthritis at a single institution between January 2016 and 
January 2018. Patients completed PROMIS PF v1.2/2.0 CAT at each visit. At follow-up, patients also completed two 6-item 
anchor questions assessing the degree of perceived improvement. Statistical testing analyzed the ability of the clinical 
anchor to discriminate levels of improvement. An anchor-based MCID estimate was calculated as the mean PROMIS PF 
change score in the mild improvement group. The anchor-based MCID value was examined for the influence of patient 
age, initial and final PROMIS scores, and follow-up interval. A distribution-based MCID value was calculated incorporating 
the standard error of measurement and effect size. Results: The change in PROMIS PF scores was significantly different 
between encounters where patients reported no change, mild improvement, and much improvement. The anchor-based 
MCID estimate for PROMIS PF was 3.9 (95% confidence interval, 3.3-4.7). Individual MCID values were weakly correlated 
with the final absolute PROMIS PF score but did not correlate with patient age, time between visits, or the initial absolute 
PROMIS PF score. The distribution-based MCID value was 3.5 (95% confidence interval, 3.1-3.9). Conclusions: The 
estimated range of MCID values for PROMIS PF is 3.5 to 3.9 points in patients treated for thumb CMC arthritis.
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substantially less patient assessment time (1 minute of 
PROMIS PF vs 4.4 minutes of DASH).5-8

To judge the magnitude of treatment effect using a 
patient-centered measure such as PROMIS, it is necessary 
to have an understanding of the patient’s perspective of 
change. The minimal clinically important difference 
(MCID) was defined by Jaeschke et al10 as the smallest 
change in an outcome that is deemed worthwhile by a 
patient. Thus, the MCID establishes a therapeutic threshold 
beyond which a change in score would be considered clin-
ically meaningful. In addition, the MCID can be used in 
a priori powering assessments to determine the appro-
priate sample size for research studies.11,12 The MCID val-
ues have been established for multiple outcome measures in 
hand and upper extremity surgery, including the DASH,13,14 
the QuickDASH,13,15 the Michigan Hand Outcomes Ques-
tionnaire (MHQ),16,17 the ASES score,18,19 and the SST.18,19

Several methodologies have been described for deter-
mining MCID values. There is no single consensus method, 
but anchor-based and distribution-based methods are fre-
quently used. An anchor-based approach relates a change in 
score to an external reference or clinical “anchor” (ie, 
“mildly worse,” “no change,” or “mildly better”).11 A com-
monly used anchor-based approach is the anchor mean 
change method that calculates the MCID as the mean 
change in outcome score corresponding to a mild degree of 
improvement. This method has been previously used to 
derive MCIDs of the DASH,13 the QuickDASH,13 the 
PRWE,13 the ASES,19 and the SST.19 Distribution-based 
methods use the standard error of measurement (SEM) and 
effect size of the outcome score of interest to calculate the 
MCID based on the statistical distribution of scores on an 
instrument of interest.16,20

Although MCID values have been reported for a number 
of PRO measures in hand and upper extremity surgery, 
MCID estimates for the PROMIS PF score are still being 
defined. The purpose of this investigation is to estimate the 
MCID for the PROMIS PF score in patients with thumb 
carpometacarpal (CMC) arthritis through both anchor-
based and distribution-based approaches.

Methods

Institutional review board approval was obtained to retro-
spectively analyze data from our institution’s musculoskel-
etal outcomes registry. All demographic data were retrieved 
from patients older than 18 years of age seen at the outpa-
tient offices of 1 of 7 hand surgeons at a single tertiary insti-
tution between January 2016 and January 2018. Patients 
were identified through an electronic medical record search 
for International Classification of Diseases, Tenth Revision 
diagnosis codes for thumb CMC arthritis (codes M18*). 
The following inclusion criteria had to be met to be included 
in this study: (1) a diagnosis of a unilateral thumb CMC 

arthritis treated either operatively or nonoperatively; and 
(2) at least1 follow-up visit at our institution. All diagnoses 
of arthritis were confirmed radiographically. Patients pre-
senting with bilateral conditions or seeking care for multi-
ple other symptomatic arthritides in the hand or upper 
extremity were excluded. In addition, patients scoring ≥70 
on the initial PROMIS PF CAT were excluded due to their 
inability to demonstrate improvement over 3 points on the 
CAT as the effective ceiling on the CAT is 73.

Patients were given a handheld tablet at their initial patient 
visit and asked to complete the PROMIS PF CAT (v1.2/
v2.0). The PROMIS PF CATs were repeated at each subse-
quent encounter after the initial visit. The PROMIS raw 
scores are translated into t scores, with a mean of 50 and stan-
dard deviation (SD) of 10 representing the U.S. general popu-
lation.21 Scores range from 0 to 100 on all PROMIS measures, 
with higher scores representing more of a given domain (eg, 
higher score denotes more function). No relevant scoring 
change occurred between versions of the PROMIS PF CAT, 
and therefore, all scores were treated as comparable.22 At 
each follow-up, patients also completed two 6-item anchor 
questions that independently assessed the degree of perceived 
improvement from their initial evaluation and from their 
most recent visit (Table 1). This anchor question was adapted 
from that used in MCID studies by Juniper et al23 and Tubach 
et al24 for other common outcome measures.

Statistical Analysis

Descriptive statistics described demographic characteristics 
of patients and their treatments. Patients contributed data to 
the study from a maximum of 1 follow-up visit to prevent a 
minority of patients from disproportionately contributing 
data. In particular, the follow-up visit that was chosen was 
the first visit in which the patient reported no change, mild 
improvement, or much improvement. Analysis of variance 
testing with post hoc Tukey B subset analysis and Fisher 
least significant difference pairwise comparisons evaluated 
whether the mean change in PROMIS PF scores was sig-
nificantly different between encounters where patients 
reported no change, mild improvement, and much improve-
ment in their anchor-based responses since their prior visits. 
The anchor-based MCID estimate was then calculated as 
the mean PF change score in the mild improvement group. 
Bivariate statistical testing was used to identify variables 
influencing the anchor-based MCID value. For patients 
indicating mild improvement, Spearman correlation coeffi-
cients were computed to quantify the association between 
the anchor-based MCID value and patient age, the initial 
PROMIS PF score, the final PROMIS PF score, and the 
amount of time (days) between visits.

A distribution-based method for estimating the MCID 
was also performed incorporating both the SEM and effect 
size. The SEM ( )SEM SD= −1 r  is calculated using 
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between-person SD and Cronbach α as a lower-bound esti-
mate of scale reliability (r). Using IRT, the SEM for the 
PROMIS PF CAT has been interpreted as the minimum 
detectable change (MDC), which represents the smallest 
change in an outcome measure that exceeds measurement 
error.25 To have a meaningful value, the MCID must be 
greater than or equal to the MDC.25 Based on SEM data 
from more than 2500 patients seeing our hand surgeons, the 
MDC of the PROMIS PF CAT in our hand clinic is 2.3. An 
effect size range of 0.2 to 0.8 was used to select plausible 
mean PF change scores for patients in the minimal improve-
ment group. This effect size filter represents the distribu-
tion-based calculation consistent with the methods by Yost 
et al.25

Based on prior investigations of MCID estimation using 
the PROMIS instrument, we conducted an a priori power 
analysis for sample size determination with a conserva-
tively estimated MCID of 2 points on the PROMIS PF 
scale.21,25 To achieve α = .05 and β = .8 with an SD of 10 
and an effect size of 0.2 for the PROMIS PF score, we need 
to collect 45 data points representing no change and 45 data 
points representing mild improvement. Data were collected 
over a 2-year period to meet our minimum sample size 
requirements.

Results

In total, 152 patients were included in this analysis (Table 2). 
Most patients were white (n = 149, 98%) and women (n = 129, 
85%). The mean age of the patients was 63 years (range = 35-82 
years). The mean initial absolute PROMIS PF score was 41 (SD 
= 8, range = 24-59). All patients had a first follow-up visit at a 
median of 63 days (interquartile range [IQR], 42-125). A total of 
70 patients (46%) reported mild improvement. Of these, 35 
patients were treated nonoperatively during the study period, 

whereas the remaining 35 patients were treated with surgery 
(Table 3). For the surgically treated patients, the median time 
from surgery to the time at which they first reported mild 
improvement was 68 days (IQR, 28-79).

The change in PROMIS PF scores was significantly dif-
ferent (P < .01) between encounters where patients reported 
no change, mild improvement, and much improvement 
since their prior visits (Table 4). Using an anchor-based 
approach, the mean change in the PROMIS PF score for the 
mild improvement group was 3.9 with a 95% confidence 
interval of 3.3 to 4.7. This point estimate for the MCID 
exceeded the MDC level of instrument error. The mean 
changes in the PROMIS PF score for patients reporting 
mild improvement were also calculated for the nonsurgi-
cally treated and surgically treated groups.

For patients with mild improvement, the degree of change 
in their PROMIS PF score was not correlated with patient 
age (r = 0.09), the time between visits (r = −0.11), or the 

Table 1. Clinical Anchor Questions.

1.  Since your first visit to the doctor who you are seeing today, 
has your condition(s) treated by this doctor changed?
a. Much worse
b. Mildly worse
c. No change
d. Mildly better
e. Much better
f. I am seeing the Doctor for a new problem

2.  Since your most recent visit to the doctor who you are seeing 
today, has your condition(s) treated by this doctor changed?
g. Much worse
h. Mildly worse
i. No change
j. Mildly better
k. Much better
l. I am seeing the Doctor for a new problem

Table 2. Patient Demographics.

Demographic Number (%)

Total number of patients 152
Sex, No. (%)
 Female 129 (85)
 Male 23 (15)
Race, No. (%)
 White 149 (98)
 African American 3 (2)

Table 3. Treatments for Patients Reporting Mild Improvement.

Patient Breakdown Number

Total number of patients 70
Treatment
 Nonoperative 35
 Operative 35
  LRTI 32
  Thumb CMC fusion 3

Note. LRTI = ligament reconstruction and tendon interposition; CMC = 
carpometacarpal.

Table 4. Mean Change in PROMIS Physical Function According 
to Clinical Anchor Response.

Clinical anchor response
Δ physical 
function

95% confidence 
interval

No change (n = 48) −1.3 −2.3 to −0.3
Mild improvement (n = 70) 3.9a 3.3 to 4.7
Much improvement (n = 34) 7.1 5.4 to 8.7

Note. PROMIS = Patient-Reported Outcomes Measurement Information 
System.
aMinimal clinically important difference estimate.
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initial absolute PROMIS PF score (r = −0.01) (Table 5). The 
magnitude of change in PROMIS PF for the mild improve-
ment group was weakly correlated with the final absolute 
PROMIS PF score (r = 0.35). There was also some varia-
tion based on treatment as the MCIDs for the nonsurgically 
treated and surgically treated groups were 3.1 (95% confi-
dence interval, 2.6-3.6) and 4.8 (95% confidence interval, 
4.0-5.6), respectively.

A distribution-based MCID estimate was computed 
using the MDC threshold of 2.3. After the effect size param-
eters of 0.2 to 0.8 were applied to data from patients report-
ing mild improvement, the estimated MCID value was 3.5 
with a 95% confidence interval of 3.1 to 3.9. This point esti-
mate for the MCID also exceeded the MDC level of instru-
ment error.

Discussion

This study found a change of 3.5 to 3.9 points on PROMIS 
PF scores to constitute a meaningful change for patients 
with thumb CMC arthritis. This estimated range is similar 
to what has been reported for PROMIS assessments from 
other patient populations. Sandvall et al26 used both anchor- 
and distribution-based approaches to estimate the MCID for 
PROMIS PF scores in patients treated nonoperatively for 
distal radius fractures. They reported a PROMIS PF MCID 
of 3.6 to 4.6 points. Using a distribution-based method, Ho 
et al27 calculated an MCID of 4.2 for PROMIS PF scores for 
foot and ankle patients treated with surgery. Chen et al28 
estimated MCIDs for PROMIS PF and PI scores in patients 
who underwent primary anatomical total shoulder arthro-
plasty. Using a distribution-based approach, they reported 
MCIDs of 4.0 and 3.2 for PROMIS PF and PI, respectively. 
We believe that our data add to the literature by contributing 
to the goal of having a critical mass of publications indicat-
ing a consistent PROMIS MCID range for patients seeking 
upper extremity care so that researchers can confidently 
generalize it to the multitude of conditions treated by the 
hand surgeon.

Anchor- and distribution-based methods are the most 
common methods used for determining the MCID. There is 

lack of consensus regarding the optimal method for deter-
mining the MCID, and therefore, some authors have recom-
mended using both approaches to calculate a range of 
MCID estimates from which an overall MCID value can 
then be triangulated.16,20 An anchor-based approach relates 
a change in score to an external reference and has the advan-
tage of incorporating the patient perception of a clinically 
meaningful change. We believe that basing the determina-
tion of meaningful change on patient report is ideal as it 
should ensure that an MCID estimate truly indicated change 
that patients are appreciating. Using an anchor-based 
approach, the MCID estimates have been determined for 
the DASH (10 points), QuickDASH (14 points), and PRWE 
(14 points).13 With similar methods in Swedish patients, 10 
points was estimated to be the threshold for clinically 
important change on the DASH.29 A distribution-based 
method, on the contrary, uses the SEM and effect sizes to 
estimate important differences. Depending on the specific 
approach used to calculate the MCID, one may expect com-
parable but nonidentical estimates of the MCID. Both meth-
ods were therefore used in this study to provide a reasonable 
range of MCID values.

The MCID values are most helpful for interpretation of 
group-level data as opposed to guiding individual patient 
decision-making. When analyzing individual responses, we 
observe significant variation between patients in the scores 
they associate with minimal improvement. As such, MCID 
estimates have less use in identifying which patients are 
likely to improve. Instead, MCID values are valid for group-
level applications. Researchers use MCID values to deter-
mine whether cohorts demonstrate clinically relevant 
improvement. The MCID values are also frequently refer-
enced as a proxy for meaningful differences between groups 
of patients. In this manner, MCID thresholds are used by 
researchers when conducting comparative clinical studies 
to assess whether differential outcomes between treatment 
groups are clinically relevant. Finally, MCID estimates are 
incorporated into sample size calculations when designing 
appropriately powered studies.

Multiple PRO measures could be used to study patients 
with thumb CMC arthritis. Similar to the DASH and MHQ, 
PROMIS is not disease-specific. The PROMIS PF is a gen-
eralized assessment of musculoskeletal function. Admit-
tedly, this type of assessment could miss some of the 
morbidity specific to the thumb. However, as PROMIS PF 
has strongly correlated with the DASH and ASES, it 
appears to capture functional change associated with upper 
extremity conditions.5,6 It is important to understand  
the performance characteristics of PROMIS PF as it is  
positioned to potentially serve as a consensus outcome 
measure. This single measure could assess treatment value 
to multiple patient populations, from those with heart con-
ditions to neurologic conditions or extremity arthritis. To 
our knowledge, PROMIS is the first PRO measure applied 

Table 5. Spearman Correlation Coefficients Between Patient 
Variables and MCID.

Spearman correlations MCID

Initial absolute PROMIS PF score r = −0.01
Final absolute PROMIS PF score r = 0.35
Time between visits r = −0.11
Patient age r = 0.09

Note. MCID = minimal clinically important difference; PROMIS = 
Patient-Reported Outcomes Measurement Information System; PF = 
Physical Function.
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across entire departments and even across entire medical 
centers.30 Even among common conditions treated by hand 
surgeons, meta-analyses are limited by disparate out-
comes.31,32 In our practice, PROMIS has become our exclu-
sive PRO secondary to the reduced patient burden (eg, 
typical CAT of 4-8 questions) and electronic delivery with 
automated scoring available in the electronic medical 
record at the point of care.

This study has several limitations. First, the clinical 
anchor question used in this study is a simplified version as 
opposed to an exact duplication of that administered in 
multiple prior studies, which has produced consistent 
results across different diagnoses.13,16,18,19 We reduced the 
number of possible answers as we, and other researchers, 
have otherwise combined answers into composite groups 
of no change, minimal change, and substantial change, 
which obviated the need for more possible answers. Simi-
larly, the PROMIS instrument is still an emerging PRO 
measure in hand surgery and is evolving. However, PRO-
MIS PF’s updates now consist of subtle algorithm changes 
that have not affected final scores, and thus we expect our 
conclusions to be durable as opposed to a value that will 
become quickly obsolete. Second, as patients are asked to 
provide a retrospective perception of clinical change, their 
judgments may be prone to recall bias.11 Third, we used the 
PROMIS PF CAT as the main PRO measure rather than the 
PROMIS Upper Extremity Function CAT. At the time 
when these patients were evaluated, our institution was not 
routinely collecting the Upper Extremity Function CAT. As 
the Upper Extremity CAT continues to be modified in an 
effort to reduce its ceiling effects, we expect that hand sur-
geons may use both PROMIS PF and Upper Extremity 
Function scores. Finally, it is possible that patients treated 
surgically require slightly more change in function before 
it is appreciated. However, the magnitude of difference in 
our patients was relatively small across treatments, and we 
did not have enough surgical patients to make definitive 
statements in this regard.

In summary, we found an improvement of 3.5 to 3.9 
points on the PROMIS PF CAT to reflect a clinically rele-
vant change at the group level for patients with thumb CMC 
arthritis. Both anchor- and distribution-based methods pro-
duced similar values of our MCID estimate. This is consis-
tent with MCID values that have been reported from other 
patients with musculoskeletal conditions.26-28 Ultimately, 
defining the MCID in this manner will help guide interpre-
tation of group-level responses and inform comparisons 
between different treatments.

Ethical Approval

This study was approved by the Washington University’s Institu-
tional Review Board (No. 201805173).

Statement of Human and Animal Rights

All procedures followed were in accordance with the ethical stan-
dards of the responsible committee on human experimentation 
(institutional and national) and with the Helsinki Declaration of 
1975, as revised in 2008.

Statement of Informed Consent

No informed consent was required as this was a retrospective 
review of data collected during prior care.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

ORCID iD

Ryan P. Calfee  https://orcid.org/0000-0001-9423-5721

References

 1. Porter ME. What is value in health care? N Engl J Med. 
2010;363(26):2477-2481.

 2. Calfee RP, Adams AA. Clinical research and patient-
rated outcome measures in hand surgery. J Hand Surg Am. 
2012;37(4):851-855.

 3. Smith MV, Calfee RP, Baumgarten KM, et al. Upper extrem-
ity-specific measures of disability and outcomes in orthopae-
dic surgery. J Bone Joint Surg Am. 2012;94(3):277-285.

 4. Hsu JE, Nacke E, Park MJ, et al. The Disabilities of the Arm, 
Shoulder, and Hand Questionnaire in intercollegiate athletes: 
validity limited by ceiling effect. J Shoulder Elbow Surg. 
2010;19(3):349-354.

 5. Tyser AR, Beckmann J, Franklin JD, et al. Evaluation of the 
PROMIS physical function computer adaptive test in the 
upper extremity. J Hand Surg Am. 2014;39(10):2047.e4-
2051.e4.

 6. Doring AC, Nota SP, Hageman MG, et al. Measurement 
of upper extremity disability using the Patient-Reported 
Outcomes Measurement Information System. J Hand Surg 
Am. 2014;39(6):1160-1165.

 7. Brodke DJ, Saltzman CL, Brodke DS. PROMIS for ortho-
paedic outcomes measurement. J Am Acad Orthop Surg. 
2016;24(11):744-749.

 8. Overbeek CL, Nota SP, Jayakumar P, et al. The PROMIS 
physical function correlates with the QuickDASH in 
patients with upper extremity illness. Clin Orthop Relat Res. 
2015;473(1):311-317.

 9. Beckmann JT, Hung M, Bounsanga J, et al. Psychometric evalua-
tion of the PROMIS Physical Function Computerized Adaptive 
Test in comparison to the American Shoulder and Elbow 
Surgeons score and Simple Shoulder Test in patients with rotator 
cuff disease. J Shoulder Elbow Surg. 2015;24(12):1961-1967.

https://orcid.org/0000-0001-9423-5721


Lee and Calfee 643

 10. Jaeschke R, Singer J, Guyatt GH. Measurement of health sta-
tus. Ascertaining the minimal clinically important difference. 
Control Clin Trials. 1989;10(4):407-415.

 11. King MT. A point of minimal important difference 
(MID): a critique of terminology and methods. Expert Rev 
Pharmacoecon Outcomes Res. 2011;11(2):171-184.

 12. Cocks K, King MT, Velikova G, et al. Evidence-based guide-
lines for determination of sample size and interpretation of 
the European Organisation for the Research and Treatment of 
Cancer Quality of Life Questionnaire Core 30. J Clin Oncol. 
2011;29(1):89-96.

 13. Sorensen AA, Howard D, Tan WH, et al. Minimal clinically 
important differences of 3 patient-rated outcomes instru-
ments. J Hand Surg Am. 2013;38(4):641-649.

 14. Malay S; for SUN Study Group, Chung KC. The minimal 
clinically important difference after simple decompres-
sion for ulnar neuropathy at the elbow. J Hand Surg Am. 
2013;38(4):652-659.

 15. Mintken PE, Glynn P, Cleland JA. Psychometric proper-
ties of the shortened disabilities of the Arm, Shoulder, and 
Hand Questionnaire (QuickDASH) and Numeric Pain Rating 
Scale in patients with shoulder pain. J Shoulder Elbow Surg. 
2009;18(6):920-926.

 16. London DA, Stepan JG, Calfee RP. Determining the Michigan 
Hand Outcomes Questionnaire minimal clinically important 
difference by means of three methods. Plast Reconstr Surg. 
2014;133(3):616-625.

 17. Shauver MJ, Chung KC. The minimal clinically important 
difference of the Michigan Hand Outcomes Questionnaire. J 
Hand Surg Am. 2009;34(3):509-514.

 18. Tashjian RZ, Hung M, Keener JD, et al. Determining the mini-
mal clinically important difference for the American Shoulder 
and Elbow Surgeons score, Simple Shoulder Test, and Visual 
Analog Scale (VAS) measuring pain after shoulder arthro-
plasty. J Shoulder Elbow Surg. 2017;26(1):144-148.

 19. Tashjian RZ, Deloach J, Green A, et al. Minimal clinically 
important differences in ASES and simple shoulder test 
scores after nonoperative treatment of rotator cuff disease. J 
Bone Joint Surg Am. 2010;92(2):296-303.

 20. Revicki D, Hays RD, Cella D, et al. Recommended methods 
for determining responsiveness and minimally important dif-
ferences for patient-reported outcomes. J Clin Epidemiol. 
2008;61(2):102-109.

 21. Amtmann D, Kim J, Chung H, et al. Minimally important 
differences for Patient Reported Outcomes Measurement 

Information System pain interference for individuals with 
back pain. J Pain Res. 2016;9:251-255.

 22. Health Measures. Transforming how health is measured, 
2018. http://www.healthmeasures.net. Accessed June 24, 
2019.

 23. Juniper EF, Guyatt GH, Willan A, et al. Determining a mini-
mal important change in a disease-specific Quality of Life 
Questionnaire. J Clin Epidemiol. 1994;47(1):81-87.

 24. Tubach F, Ravaud P, Baron G, et al. Evaluation of clinically 
relevant changes in patient reported outcomes in knee and hip 
osteoarthritis: the minimal clinically important improvement. 
Ann Rheum Dis. 2005;64(1):29-33.

 25. Yost KJ, Eton DT, Garcia SF, et al. Minimally important dif-
ferences were estimated for six Patient-Reported Outcomes 
Measurement Information System-Cancer scales in 
advanced-stage cancer patients. J Clin Epidemiol. 2011;64(5): 
507-516.

 26. Sandvall B, Okoroafor UC, Gerull W, et al. Minimal clini-
cally important difference for PROMIS physical function 
in patients with distal radius fractures. J Hand Surg Am. 
2019;44(6):454-459.

 27. Ho B, Houck JR, Flemister AS, et al. Preoperative PROMIS 
scores predict postoperative success in foot and ankle patients. 
Foot Ankle Int. 2016;37(9):911-918.

 28. Chen RE, Papuga MO, Nicandri GT, et al. Preoperative 
Patient-Reported Outcomes Measurement Information 
System (PROMIS) scores predict postoperative outcome in 
total shoulder arthroplasty patients. J Shoulder Elbow Surg. 
2019;28(3):547-554.

 29. Gummesson C, Atroshi I, Ekdahl C. The Disabilities of the 
Arm, Shoulder and Hand (DASH) outcome questionnaire: 
longitudinal construct validity and measuring self-rated 
health change after surgery. BMC Musculoskelet Disord. 
2003;4:11.

 30. Biber J, Ose D, Reese J, et al. Patient reported outcomes-
experiences with implementation in a University Health Care 
setting. J Patient Rep Outcomes. 2017;2:34.

 31. Shi Q, MacDermid JC, Santaguida PL, et al. Predictors of sur-
gical outcomes following anterior transposition of ulnar nerve 
for cubital tunnel syndrome: a systematic review. J Hand 
Surg Am. 2011;36(12):1996-2001.

 32. Macadam SA, Bezuhly M, Lefaivre KA. Outcomes measures 
used to assess results after surgery for cubital tunnel syn-
drome: a systematic review of the literature. J Hand Surg Am. 
2009;34(8):1482-1491.

http://www.healthmeasures.net

