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Abstract

Purpose—To examine the performance of the PROMIS Upper Extremity Function CAT relative 

to the PROMIS Physical Function CAT in patients seeking specialty care for upper extremity 

conditions.

Methods—This observational trial analyzed prospectively collected PROMIS Upper Extremity 

and Physical Function CAT scores from 5202 adult patients with 10344 outpatient clinic visits 

presenting to a tertiary orthopaedic clinic. Pearson’s correlation coefficient was utilized to evaluate 

the association between initial Physical Function and Upper Extremity scores, as well as the 

association between changes in Physical Function and Upper Extremity scores between visits. 

Differences in scores between populations presenting with hand conditions versus shoulder and 

elbow conditions were evaluated via Student’s t test, as were differences in scores between new 

and return patient visits.

Results—PROMIS Upper Extremity CAT scores were strongly correlated with PROMIS 

Physical Function CAT scores. However, patients averaged 8 points lower scoring on Upper 

Extremity CAT testing compared to Physical Function CAT scores. The Upper Extremity CAT 

demonstrated a ceiling effect at a score of 56 that impacted 7% of patients with a secondary 

ceiling at 50. Change in Physical Function and Upper Extremity scores between visits were 

moderately correlated with a mean difference of less than 1 point. Patients presenting for hand 

conditions achieved better Physical Function and Upper Extremity scores than patients presenting 

for shoulder and elbow conditions.

Conclusions—The PROMIS Upper Extremity module appears responsive to changes over time. 

However, the current Upper Extremity CAT has a ceiling score of 56 which does not allow for 

improvement of scores 0.6 SD higher than the presumptive normative population mean of 50. 

Although a specific assessment of upper extremity function is desirable, continued refinement of 

the PROMIS Upper Extremity CAT is required to better assess patients with higher levels of 

function.
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INTRODUCTION

Health care payers are now considering outcome data when assessing the cost-effectiveness 

of care and setting reimbursement rates1,2. As such, patient-reported outcome measures 

(PROMs) are increasingly emphasized. Intending on improving traditional PROMs delivered 

as fixed-length surveys limited by floor and ceiling effects and increased responder 

burden3,4, the National Institutes of Health commissioned the Patient-Reported Outcomes 

Measurement Information System (PROMIS). PROMIS utilizes item-response theory (IRT) 

and computer adaptive testing (CAT) to efficiently and precisely report patient symptoms 

and perceived function5,6. All PROMIS domain scores are normalized to a mean score of 50 

and standard deviation of 10 intending to minimize floor and ceiling effects and ensure the 

results are readily understood and communicated7. Higher scores on all PROMIS CATs 

indicate more of the domain measured such that higher scores on Physical Function are 

associated with greater function.

The most rigorously evaluated PROMIS musculoskeletal domain is the Physical Function 

CAT, having been administered to patients with conditions of both the upper and lower 

extremities. A comparison of the PROMIS Physical Function CAT and the DASH found that 

the two instruments were strongly correlated with the PROMIS Physical Function CAT 

taking 75% less time to complete8. The Physical Function CAT also correlates well with the 

shortened QuickDASH9. However, PROMIS Physical Function is an imperfect measure in 

patients with primarily upper-extremity symptoms. Ceiling effects have been noted which 

may be due to the Physical Function CAT failing to select upper extremity questions for 

delivery and an insufficient number of high-difficulty upper extremity questions10. 

Furthermore, Hung et al. have identified relevant variance between patients with upper and 

lower extremity conditions when assessed with the PROMIS Physical Function CAT10.

A PROMIS Upper-Extremity CAT has been developed to more precisely evaluate outcomes 

in hand and upper extremity conditions with advantages and disadvantages noted by early 

research 11. This Upper Extremity CAT strongly correlates with both the DASH and 

QuickDASH as well as the PROMIS Physical Function CAT 3,11. The Upper Extremity CAT 

required the fewest questions and demonstrated high internal consistency, interperson 

reliability, and item reliability but responsiveness to change was not determined 3,4,12. 

Doring et al. found that the average PROMIS Upper Extremity scores indicated greater 

disability than general Physical Function scores in patients with symptomatic upper 

extremities3. That study, and several others5,13, reported no ceiling effect to the Upper 

Extremity CAT, however Beckman et al. reported that 10.8% of their population reached the 

maximum score which would compromise the surgeon’s ability to appropriately demonstrate 

treatment value14. Hung et al. also reported a ceiling effect without identification of a 

specific maximal score but reported the Upper Extremity CAT to be adequately reliable with 

good fit15. Provided these conflicting findings, the primary aim of this study was to evaluate 
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the performance of the PROMIS Upper Extremity CAT for patients with upper extremity 

conditions relative to PROMIS Physical Function in a large patient cohort. We tested the null 

hypothesis that the PROMIS Upper Extremity CAT would demonstrate comparable ceiling 

and floor effects and correlate with PROMIS Physical Function scores. The secondary aim 

was to evaluate for differences in scores between patients with hand versus shoulder and 

elbow conditions.

METHODS

This observational trial analyzed prospectively collected PROMIS scores drawn from a 

series of greater than 10,614 consecutive outpatient clinic visits of 5,278 adult patients 

presenting to a tertiary upper extremity clinic from 6/22/2015–10/5/2016. Our Institutional 

Review Board deemed this study exempt as only de-identified data were used. At 

registration patients were given a tablet computer (iPad mini, Apple, Cupertino, CA) that 

automatically loads the designated PROMIS CATs. Those patients visiting one of four upper 

extremity-trained surgeons were administered both electronic PROMIS Physical Function-

v1.2 and Upper Extremity-v1.0 CATs. Scores from patients who completed both CATs at 

one or more visits were included in the analysis. After applying these criteria, our final study 

group included data from 5202 patients with 10344 office visits. Data integrity was verified 

during this study period with capture and completion rates above 97% of all patients 

presenting to our center. Patient information was de-identified prior to use.

Statistical Analysis

Pearson correlations were used to evaluate the relationship between initial PROMIS Physical 

Function and Upper Extremity scores, the relationship of change in PROMIS scores from 

the first to second visit between the two modules, and the relationship of initial scores and 

change in scores with patient age at first clinic visit. Correlation coefficients (r) were 

interpreted as recommended by Evans: 0.00–0.19 very weak, 0.20–0.39 weak, 0.40–0.59 

moderate, 0.60–0.79 strong, 0.80–1.00 very strong16. One-way ANOVA tested the impact of 

race and sex on the initial scores and magnitude of change in Physical Function and Upper 

Extremity scores. Paired Student’s t tests were used to compare the initial PROMIS Physical 

Function and Upper Extremity scores between patient populations (hand versus shoulder/

elbow), as well as the magnitude of change in each score.

This study was designed to report on our department’s entire experience with the PROMIS 

Upper Extremity CAT to date at study inception. A power analysis confirmed that we were 

adequately powered for our smallest subgroup analysis (1800 patients with multiple visits to 

evaluate responsiveness) as 1294 patients would have provided 95% power to detect 

correlations at the level of r=0.10 with an α=0.05.

RESULTS

After applying the inclusion criteria, 5202 patients contributed data for analysis (Table 1). 

Patients in this cohort averaged 6 points (effect size 0.6) worse than the expected normal 

population mean in Physical Function scores but 15 points (effect size 1.5) worse in Upper 

Extremity scores (Table 2, Figure 1). Initial Physical Function and Upper Extremity scores 
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were strongly correlated (r=0.69, P<0.05) (Figure 2). A mean difference of 8.4 was 

demonstrated between paired Physical Function and Upper Extremity scores (95% CI 8.2–

8.6, P<0.05) (Figure 3). As Physical Function scores increased the Upper Extremity scores 

diverged such that they indicated progressively greater disability as patients reported higher 

perceived function (Figure 4). Initial scores on both the Physical Function and Upper 

Extremity CATs were higher for males (PF: 45 vs 42, UE: 37 vs 34) and Caucasian patients 

(PF:44 vs 42, UE:36 vs 32). Advancing age demonstrated a weak negative correlation with 

Physical Function (r=−.25) and Upper Extremity scores (r=−.15) (P<0.05).

1800 patients had both initial and return visits within the time frame of the study. A 

moderate correlation was demonstrated between the changes in Physical Function scores 

between visits with the changes in Upper Extremity scores (r=0.53, P<0.05) (Figure 5). The 

magnitude of change in the Upper Extremity scores (mean 6.1, SD 5.8) and Physical 

Function scores (mean 6.0, SD 5.8) for each patient was comparable with an absolute mean 

difference of 0.8 (95% CI 0.4–1.2, P<0.05). There was no correlation between patients’ age 

and change in Physical Function (r= −0.05) or Upper Extremity scores (r= −0.06) and no 

statistically significant association between sex or race with magnitude of change in either 

Physical Function (P=0.052, P= 0.60) or Upper Extremity scores (P=0.12, P= 0.60).

Patients presenting for a hand condition demonstrated higher initial Upper Extremity scores 

(P<0.05) and Physical Function scores (P<0.05) than patients presenting with shoulder or 

elbow conditions (Table 3). There was no difference in the magnitude of change in scores 

demonstrated by each group (P=0.41).

DISCUSSION

The Upper Extremity CAT was developed with the intent of creating a measure that more 

accurately assessed upper extremity function than the Physical Function module10,11. Since 

the test has been made available, the Upper Extremity CAT has been shown to be both 

reliable and consistent. Our data indicated a strong correlation between Upper Extremity and 

Physical Function scores, a finding that confirms published correlations ranging from 0.48 to 

0.773,11,14 However, when administering both the Upper Extremity CAT and Physical 

Function CAT to patients with upper extremity conditions, they indicate differential levels of 

absolute impairment. In our population of over 5000 patients, Upper Extremity scores 

consistently indicated greater disability but, in a non-uniform manner with the discrepancy 

increasing with better overall physical function. Doring et al. found a similar direction of 

disparity within 84 patients attending a hand clinic, with the Upper Extremity scores being 

on average 10 points lower than the Physical Function score3. It is intended that all PROMIS 

scores are standardized to a mean of 50 with a standard deviation of 10 in a normative 

population. However, the Upper Extremity function assessment produces a non-normal 

distribution that abruptly stops just above the presumed population mean. The mean 

difference of 8 points between Upper Extremity scores and Physical Function scores found 

in our study is presumably clinically relevant with an effect size of that difference of 0.8, 

suggesting function nearly a full standard deviation worse on the Upper Extremity CAT 

relative to the Physical Function CAT.
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The difference in scores between the Upper Extremity and the Physical Function CAT may 

be due to the Upper Extremity module more precisely capturing the impact of isolated upper 

extremity conditions. However, another reason for this difference in scores is the strong 

ceiling effect in Upper Extremity scores. This inability to distinguish high levels of function 

would explain the increasing difference noted between Upper Extremity and Physical 

Function scores as patients are higher functioning overall. Hung recently reported that the 

Upper Extremity CAT demonstrated good psychometric properties but acknowledged a 

ceiling effect when analyzing 1,197 patient visits for hand conditions15. Doring et al 

reported no ceiling effect (0%) within their Upper Extremity data, but their data suggest a 

similar maximal score at approximately 56 3. It has been presumed that PROMIS scores can 

theoretically range from 0–100. However, Physical Function scores, in both this study and 

others, consistently fall within the range of 15–733,8. An even narrower range of possible 

scores is demonstrated by Upper Extremity scores3,13,14. Our data demonstrates a maximum 

PROMIS Upper Extremity score of 56, occurring in 7.2% of visits, while only 0.6% reached 

the maximum Physical Function score of 73. Notably, there is no difference between 

patients reporting the floor score on the Upper Extremity and Physical Function CATs (1.2% 

vs 0.2%). These data are comparable to examinations of the DASH which report no floor 

effect (0%) but a variable ceiling effect representing best function in 0.05%–7%17–20. There 

is also a secondary ceiling indicated by the gap in Upper Extremity scores between 50 and 

56, where not a single patient scored within this range. That gap also appears consistent with 

data from Doring et al3. Considering the non-normal distribution and scale truncated upper 

scoring at 56, scores of 50 or above on the Upper Extremity CAT must be viewed 

qualitatively as good function as opposed to a true “mean” score and treatment effects will 

only be captured in patients with substantial perceived impairment.

While studies comparing PROMIS scores between patients with hand and patients with 

shoulder conditions are lacking, the DASH questionnaire has frequently been utilized within 

both groups. Using DASH scores at presentation, studies of thumb arthritis and surgical 

shoulder conditions suggest similar degrees of functional impairment21–24. However, others 

have found a significant difference between shoulder and hand populations with the hand 

population reporting better function by an average of 14 points on the DASH17,25. Within 

our study population, patients presenting with hand conditions reported better average 

function than patients with shoulder conditions. At this point, we cannot definitively 

determine if this represents globally worse self-perceived function or is a function of the 

content assessed by the PROMIS CATs.

Questionnaires specific to the upper extremity are more frequently used in hand and 

shoulder clinics than general physical function metrics due to their increased responsiveness 

to clinical improvement. Thus, the PROMIS Upper Extremity CAT may be more appealing 

to surgeons who primarily treat these populations. Our data indicates that while the Upper 

Extremity CAT does correlate with the widely used Physical Function test and demonstrates 

similar magnitudes of change (responsiveness) in scores over time, the resulting scores 

cannot be directly compared to Physical Function scores. Thus, when utilizing PROMIS 

scores to compare function across a variety of conditions, it may be more appropriate to use 

PROMIS Physical Function scores. If analysis will exclusively examine patients with upper 

extremity conditions associated with substantial functional impairment, the Upper Extremity 
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CAT may be a useful alternative. If a patient scores at or above 50 at presentation, no 

treatment benefit will be recognized by this measure, and an alternative outcome measure 

may be more appropriate. Additionally, further research is needed to understand how Upper 

Extremity CAT scores correlate with other legacy outcome scales for specific disease states 

of the upper extremity.

Our study has several limitations. We have accepted an inconsistent amount of time between 

visits and cannot comment on treatment delivered between visits. However, we believe that 

this did not detract from our primary or secondary aim of this study, which focused on the 

relative performance and responsiveness of these PROMIS CATs as opposed to describing 

treatment outcomes. Second, we have broadly assessed populations of patients with either 

hand or shoulder/elbow conditions. There may be relevant differences in the performance of 

PROMIS CATs according to specific diagnoses within each of these anatomic regions that 

are not identified in our data. Finally, although we have found similar change over time on 

the PROMIS Physical Function and Upper Extremity CATs, future studies are needed to 

address whether the Upper Extremity CAT is appropriately responsive to change in upper 

extremity function after specific treatment interventions.

PROMIS CATs are still being developed and refined for assessing musculoskeletal health. 

We anticipate that extremity specific CATs could offer greater responsiveness to treatment 

and sensitivity to impairment at the expense of potentially compromising comparability of 

scores across orthopaedic conditions. However, at this time, the PROMIS Upper Extremity 

CAT does not demonstrate superiority over the Physical Function CAT and would be most 

improved by expanding its ability to distinguish higher levels of upper extremity function. 

An updated Upper Extremity CAT v2.0 is coming out in the near future with a scoring 

transformation available for v1.0 scores. This update has moved upper extremity items to 

their own scale instead of fitting them onto the metric used for general Physical Function. 

This may fill in the scores between 50 and 56 but is anticipated to increase the maximal 

score only slightly. Therefore, the ceiling effect may persist and deserves ongoing 

investigation.
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Figure 1. 
Histogram of initial PROMIS Upper Extremity scores.
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Figure 2. 
Correlation between initial PROMIS Physical Function and PROMIS Upper Extremity 

scores.
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Figure 3. 
Histogram of differences between initial PROMIS Upper Extremity and PROMIS Physical 

Function scores.
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Figure 4. 
Mean values of PROMIS Upper Extremity and Physical Function scores according to 5 

point binned categories of Physical Function. Bars = 95% confidence intervals.
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Figure 5. 
Change in PROMIS Physical Function scores between visits versus change in PROMIS 

Upper Extremity scores between visits with central best fit line and bordering 95% 

confidence intervals.
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Table 1

Demographic characteristics of the 5202 patients included in the study population

Age years (S.D.) 55 (16)

Sex Male 2485 (47.8%)

Female 2717 (52.2%)

Race Caucasian/White 4446 (85.5%)

African-American/Black 621 (11.9%)

Other 135 (2.6%)

Affected Region Hand 1921 (36.9%)

Shoulder/Elbow 3281 (63.1%)
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Table 2

Mean, standard deviation, and range for initial PROMIS Physical Function and PROMIS Upper Extremity 

scores of the study population.

PROMIS CAT Mean (SD) Range Floor Effect Ceiling Effect

Upper Extremity 35 (10) 15–56 1.2% 7.2%

Physical Function 44 (10) 15–73 0.2% 0.6%
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Table 3

Average initial PROMIS Physical Function and PROMIS Upper Extremity scores for patients presenting with 

hand versus shoulder/elbow conditions.

Physical Function (SD) Upper Extremity (SD)

Hand 47 (10) 38 (10)

Shoulder/Elbow 42 (9) 34 (9)
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