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PROMIS physical function underperforms ™
psychometrically relative to American Shoulder
and Elbow Surgeons score in patients undergoing
anatomic total shoulder arthroplasty
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Background: The purpose of this study was to evaluate the psychometric properties of the Patient-
Reported Outcomes Measurement Information System (PROMIS) physical function computer adaptive
test (PF-CAT) relative to the American Shoulder and Elbow Surgeons (ASES) score in patients with gle-
nohumeral osteoarthritis undergoing primary anatomic total shoulder arthroplasty (TSA).

Methods: A retrospective study of an institutional TSA registry was performed. Preoperative PROMIS
PF-CAT and ASES scores were collected. Floor and ceiling effects were determined, and convergent val-
idity was established through Pearson correlations. Rasch partial credit modeling was used for psycho-
metric analysis of the validity of PF-CAT and ASES question items. Person-item maps were generated to
characterize the distribution of question responses along the latent dimension of shoulder disability.
Results: Responses from 179 patients (184 shoulders) were included. PF-CAT had a moderate correla-
tion to ASES (r = 0.487; P <.001), with no floor or ceiling effects; ASES had a 1.1% floor effect and no
ceiling effect. With iterative Rasch model item-reduction analysis eliminating poorly fitting question
items, all possible PF-CAT items were eliminated after 6 iterations. With ASES, just 1 function question
item was dropped. Person-item maps showed ASES to be superior to PROMIS PF-CAT psychometri-
cally, with sequential and improved coverage of the latent dimension of shoulder disability.
Conclusion: Despite moderate correlation with ASES, PROMIS PF-CAT demonstrated inferior validity
and psychometric properties in patients undergoing TSA. PF-CAT should not replace the ASES in this
population of patients.
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A number of outcomes instruments are used in the
shoulder to assess patient function, quality of life,
disability, satisfaction, and efficacy of interventions. These
instruments range from objective physician measurements
to subjective patient-reported outcome measures (PROMs).
In addition, outcomes measures can include overall health
and physical function assessments as well as region- or
condition-specific instruments.””?' One of the most
commonly reported measures specific to the shoulder is the
American Shoulder and Elbow Surgeons (ASES) score,
developed in 1994 by the ASES Research Committee.'”
With psychometric studies, the ASES score has been
shown to have acceptable reliability, responsiveness, and
validity for glenohumeral osteoarthritis, instability, and
rotator cuff disease.'"""’

To address a number of barriers against the adoption and
use of PROMs, such as administrative burden, reliability,
and limited scope of most outcomes instruments, the
Patient-Reported Outcomes Measurement Information
System (PROMIS) was developed with funding from the
National Institutes of Health.° A number of PROMIS in-
struments are in the form of a computer adaptive test
(CAT), which tailors question delivery to the patient ac-
cording to the answers to previous items. As a measure of
overall physical function, the PROMIS physical function
CAT (PF-CAT) has been compared against the ASES score
for various shoulder conditions, with most studies reporting
moderate to excellent correlations and thus concluding that
PROMIS PF-CAT may be an acceptable alternative to the
ASES. 23913

In addition to simple correlations between PROMs,
however, it is important to determine the validity and
psychometric properties of the instrument for a specific
condition before widespread adoption. This enables a
more comprehensive determination of an instrument’s
ability to measure the latent characteristic or dimension,
in this case, shoulder function and disability. To date,
psychometric testing of the PROMIS PF-CAT relative to
the ASES score for patients with glenohumeral osteoar-
thritis has not been reported. Therefore, in a cohort of
patients with primary glenohumeral osteoarthritis indi-
cated for anatomic total shoulder arthroplasty (TSA), the
purpose of this study was to determine the psychometric
properties of the PROMIS PF-CAT with respect to the
ASES. We hypothesized that the psychometric properties
of the PF-CAT would be inferior to those of ASES in
this population of patients.

Materials and methods
Patient cohort

The shoulder arthroplasty research registry at our orthopedic
specialty institution began collecting PROMIS PF-CAT in
February 2016. With the increasing interest in and adoption of

PROMIS in clinical outcomes research at the time, the decision
was made to add the PF-CAT to the registry data collection to
specifically compare its performance to our registry’s legacy
shoulder instrument, the ASES score. Given concerns about
responder fatigue and instrument redundancy, the ASES is used in
our registry over other shoulder-specific outcomes, given its
proven psychometric properties'*'" and its inclusion on the list of
Instruments for Collection of Orthopaedic Quality Data as rec-
ommended by the American Academy of Orthopaedic Surgeons.’
A total of 277 cases of TSA were consented to be in the registry
between February 2016 and April 2017, which is when data
analysis for this study began. The inclusion criteria for this study
included patients with a diagnosis of osteoarthritis, patients having
complete preoperative scores for ASES and PF-CAT, and patients
undergoing primary anatomic TSA. After application of these
criteria, 184 TSA cases in 179 patients were included in the study
cohort.

Statistical analysis

The validity, reliability, and efficiency of the PROMIS PF-CAT
were compared with preoperative ASES scores. First, floor and
ceiling effects were calculated for the overall ASES and the
PROMIS PF-CAT, using the frequency and percentage of patients
who had the lowest and highest score reported, respectively.
Convergent validity between the instruments was calculated
through Pearson correlation coefficients.

To evaluate the psychometric properties of PROMIS PF-CAT
and ASES, Rasch partial credit models were fitted using the
Extended Rasch Modeling eRm package in R (R version 3.3.1
2016-06-21; R Foundation for Statistical Computing, Vienna,
Austria). The partial credit model is an item response model that
evaluates whether ordinal variables, such as responses to a ques-
tion for a patient-reported outcome, reflect a latent variable of
interest, such as shoulder function or disability. Because the par-
tial credit model requires scores to have polytomous item re-
sponses (ordinal responses on a 5-point Likert scale for each item/
question, for example), items with only 1 response, missing items,
or only 1 answer at a different response level were excluded from
the partial credit model. Rasch modeling is well established in the
orthopedic and shoulder literature.*>*®

Rasch partial credit model outputs of item-fit and person-fit
statistics include “infit” and ‘“‘outfit” measures, which indicate
how accurately the model performs psychometrically. For
PROMIS PF-CAT and ASES activity of daily living (ADL)
questions, item fit statistics were iteratively evaluated by
sequentially dropping poorly fitting questions, defined as the outfit
mean square statistic <0.80 (underfit) or the infit mean square
statistic >1.2 (overfit). Partial credit models were fitted iteratively
until the items allowing the most coverage were left and only well-
fitting items remained. This methodology has been used in the
upper extremity literature as a means of item-reduction in the
setting of questionnaire development to eliminate misfitting items
and to minimize overlap.” Person-item maps to characterize the
distribution of question responses along the latent variable
dimension of overall shoulder function were generated for
PROMIS PF-CAT and ASES. In an ideal person-item map, re-
sponses are positioned sequentially with evenly spread intervals
between each response.
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Results

Preoperative responses from 179 patients (184 TSA
shoulders) were included. Patients had a mean age at sur-
gery of 65.6 & 9.3 years; 57.5% of the cohort was male,
with an average body mass index of 28.5 kg/m? (Table I).

The mean preoperative ASES score was 38.6 + 18.9,
with a 1.1% floor effect and no ceiling effect. PROMIS PF-
CAT had a mean preoperative score of 41.4 £+ 7.4, with no
floor or ceiling effect (Table II). In terms of convergent
validity, PROMIS PF-CAT and ASES demonstrated mod-
erate correlation (r = 0.487; P < .001).

With iterative analysis of question fit and latent dimen-
sion coverage with item fit statistics from the Rasch model,
all irrelevant PROMIS PF-CAT questions were dropped
after 6 rounds of modeling (Table IIT). With the ASES ADL
questions, just 1 question item was dropped (Table IV).
Person-item maps for PROMIS PF-CAT (Fig. 1) and ASES
(Fig. 2) showed ASES to be superior psychometrically,
with sequential and improved coverage of the latent
dimension of shoulder disability. Again, in an ideal person-
item map, the individual items in the instrument should
cover various domains along the latent dimension of
shoulder disability, as demonstrated by the points on the
ASES map (Fig. 2). In addition, within each item, the
sequential responses (eg, very difficult, somewhat difficult,
not difficult) should be progressive along the latent
dimension as well, which is also the case for the
ASES (Fig. 2). In contrast, the PROMIS PF-CAT person-
item map is markedly inferior on both of these
measures (Fig. 1).

Discussion

In this study of 179 patients with primary glenohumeral
osteoarthritis undergoing TSA, despite a moderate corre-
lation between PROMIS PF-CAT and ASES, the PROMIS
PF-CAT underperformed with psychometric analysis rela-
tive to the ASES. From a clinical and practical standpoint,
this psychometric underperformance is manifested in 2
ways. First, all PROMIS PF question items included in the
CAT for our patients were eventually eliminated with
iterative item-reduction testing in the Rasch model,
whereas just 1 ASES ADL question (ability to reach a high
shelf) was dropped. This iterative item-reduction process is
typically used in questionnaire development to eliminate
redundant items to identify the questions that best cover the
various dimensions of the overall variable that the instru-
ment is trying to measure, which in this case is shoulder
function or disability. In other words, in this specific pop-
ulation of patients, the PROMIS PF-CAT question items
were redundant with one another, and no specific items
stood out as being particularly good at distinguishing pa-
tients who have significant shoulder disability from those
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Table I Demographic and clinical characteristics of study
population
N % Mean £ SD

Total number of patients 179
Total number of shoulders 184
Age (yr) 65.6 + 9.3
Sex

Female 76 42.5

Male 103 57.5
Body mass index (kg/m?) 28.5 + 5.4
Laterality

Right 101 54.9

Left 83 45.1
Smoking history 88 47.8

SD, standard deviation.

Table II  Preoperative patient-reported outcome scores
Mean £ SD  Minimum Maximum Floor Ceiling
effect effect
(%) (%)
ASES 38.6 = 18.9 0.0 84.0 1.1 0.0
PROMIS  41.4 £ 7.4 24.1 58.3 0.0 0.0
PF-CAT

SD, standard deviation; ASES, American Shoulder and Elbow Surgeons;
PROMIS PF-CAT, Patient-Reported Outcomes Measurement Information
System physical function computer adaptive test.

who are less disabled. Second, there was inferior coverage
of the latent dimension by the PROMIS PF-CAT on the
person-item map relative to the ASES. This indicates that in
this population of patients, the PF-CAT questions were
unable to cover a wide range of shoulder disability and that
the sequential responses to the individual questions did not
actually correlate with increasing or decreasing shoulder
disability.

First established in 1994 as a shoulder-specific outcome
instrument, the original ASES score questionnaire included
both a physician-determined objective component and a
patient-reported assessment.'” In the current shoulder
clinical outcomes literature, the objective component is
rarely reported, and the ASES score is determined by the
patient’s pain on a visual analogue scale and the patient’s
ability to perform 10 ADLs.”" Given its use for >2 decades,
it has been thoroughly validated and characterized in terms
of normative values,'® minimal clinically important differ-
ence,'""'”"'® and patient acceptable symptom state.” It has
also been rigorously studied psychometrically in terms of
construct validity, responsiveness, and reliability. ™' %-!'--2!
In a cohort of 137 patients with glenohumeral osteoar-
thritis, Kocher et al'® found no floor or ceiling effects with
the ASES, which is in line with the findings of this study
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Table IIT

PROMIS PF-CAT questions included in Rasch analysis, with questions removed in sequential rounds of analyses on the basis
of poor infit and outfit statistics

Number Question Round 1 Round 2 Round 3 Round 4 Round 5 Round 6
3 Does your health now limit you in doing heavy work around the @ o o o O O
house like scrubbing floors or lifting or moving heavy
furniture?
9 Are you able to do chores such as vacuuming or yard work? [ J o o o (] O
17 Are you able to run or jog for 2 miles (3 km)? o O O O O O
22 Are you able to do yard work like raking leaves, weeding, or ([ J o o [ J o O
pushing a lawn mower?
37 Are you able to carry a laundry basket up a flight of stairs? ([ J { ([ O O O
47 Are you able to run errands and shop? (] (] O O O O
53 Does your health now limit you in hiking a couple of miles 3 @ O O O O O
km) on uneven surfaces, including hills?
54 Does your health now limit you in doing strenuous activities o o o [ ] O O
such as backpacking, skiing, playing tennis, bicycling, or
jogging?
60 Are you able to carry a shopping bag or briefcase? ([ J o o [ ] o O
106 Does your health now limit you in walking more than a mile (1.6 @ O O O O O
km)?
108 Are you able to walk at a normal speed? o o O O O O

PROMIS PF-CAT, Patient-Reported Outcomes Measurement Information System physical function computer adaptive test.
Patients select the answer that indicates their ability to do each activity: 1, unable to do; 2, with much difficulty; 3, with some difficulty; 4, with a little

difficulty; 5, without any difficulty.

@ indicates that the question was included in the next iteration of analysis, with infit and outfit >0.8 (underfit or redundant) or <1.2 (overfit).
O indicates items that were removed because of infit or outfit <0.8 or >1.2.

Table IV ASES function questions included in Rasch anal-
ysis, with questions removed in sequential rounds of analyses
on the basis of poor infit and outfit statistics

Round 1 Round 2

Number Question

1 Put on a coat ([ (]
2 Sleep on your painful or affected @ {
side
3 Wash back/do up bra in back ([ ] (]
4 Manage toileting o (
5 Comb hair (] (
6 Reach a high shelf ([ J O
7 Lift 10 lb above the shoulder ([ J (]
8 Throw a ball overhand [ (
9 Do usual work ([ (]
10 Do usual sport o  J

ASES, American Shoulder and Elbow Surgeons.

Patients select the answer that indicates their ability to do each
activity: 0, unable to do; 1, very difficult to do; 2, somewhat difficult;
3, not difficult.

@ indicates that the question was included in the next iteration of
analysis, with infit and outfit >0.8 (underfit or redundant) and <1.2
(overfit).

O indicates items that were removed because of infit or outfit <0.8
or >1.2.

(1.1% floor effect, no ceiling effect). Nevertheless, the
ASES does have a number of limitations, including the
complexity of the score conversion formula, the relative

overweighting of pain relative to ADLs, and the applica-
bility of the high-level ADL items related to sport and
overhand throwing in lower demand patients.

In comparison, the PROMIS PF-CAT has several
attractive qualities for clinical outcomes research, including
the fewer questions required to complete the questionnaire
and the minimization of floor or ceiling effects, given the
adaptive nature of the test. In studies examining the
PROMIS PF-CAT for rotator cuff disease, glenohumeral
osteoarthritis, proximal humerus fractures, and shoulder
instability, the number of questions required to complete
the PF-CAT ranged from 4 to 4.6 questions compared with
11 for the ASES.””**'? No floor or ceiling effects have been
reported for the PF-CAT in patients undergoing TSA or
patients with shoulder instability,”” whereas in patients
with rotator cuff disease, Beckmann et al’ reported a floor
effect of 3.2% and a ceiling effect of 0.53%.

Moderate correlation between PROMIS PF-CAT and
ASES was found in our cohort, with a Pearson correlation
coefficient of 0.487. Previously reported correlations be-
tween PROMIS PF-CAT and ASES have ranged from 0.581
for rotator cuff disease’ to 0.67 for shoulder instability.” In
the only other study to date comparing PROMIS PF-CAT
and ASES in patients undergoing primary TSA, Dowdle
et al’ reported a correlation coefficient of 0.62 in their
cohort of 61 patients. Similar to this study, no floor or
ceiling effects were observed for PROMIS PF-CAT.
Notably, that study did not include any advanced
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Person-Item Map for PROMIS PF
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Figure 1  Person-item map for Patient-Reported Outcomes Measurement Information System (PROMIS) physical function (PF).

psychometric analyses of the validity of PF-CAT relative to
ASES but nonetheless concluded that PROMIS PF-CAT
may be a good alternative to traditional PROMs in a
shoulder arthroplasty population. It is unclear why the
correlation in our study was lower than that reported by
Dowdle et al, although they did have a younger study
cohort (mean age of 60.8 years) with significantly higher
mean body mass index (33.9 kg/m?), suggesting a differ-
ence in study selection bias.

Interestingly, despite the moderate correlation between
PF-CAT and ASES observed in our study, with psycho-
metric analysis using the Rasch model, we found PROMIS
PF-CAT to underperform psychometrically relative to
ASES. Specifically, the item response partial credit model
indicated that the questions included in PROMIS PF-CAT
did not adequately cover the latent variable of shoulder
disability. This is not surprising, given the items that were
pulled by the CAT from the question bank for our TSA
population (Table III), as they are mostly not specific to the
upper extremity or shoulder. Therefore, despite previous
studies proposing the PROMIS PF-CAT as a potential
alternative to the ASES based on acceptable correlation
coefficients and requiring fewer questions to complete, the

psychometric findings in this study suggest that the PF-
CAT should not be used in place of the ASES score.
Despite that it is not specific to either the upper or lower
extremities, PROMIS PF-CAT has also been shown to
correlate well with other upper extremity PROMs, such as
the Disabilities of Arm, Shoulder, and Hand (DASH),"*"”
QuickDASH,14 Constant shoulder score,'? Simple Shoul-
der Test,” and Western Ontario Shoulder Instability Index.”
Nevertheless, there has been increasing use of extremity-
specific PROMIS CAT instruments, such as the PROMIS
upper extremity CAT (UE-CAT). In a recent study by
Minoughan et al'* comparing PROMIS UE-CAT and ASES
in 52 patients with shoulder osteoarthritis, the authors
found a moderate correlation coefficient of 0.57. Similar to
the PF-CAT, the authors found that the UE-CAT took
significantly less time to complete than the ASES (62.6
seconds vs. 160.6 seconds). As discussed before, despite
acceptable correlation coefficients between the PROMs, it
is important to rigorously assess the psychometric validity
of any instrument before widespread use or replacement of
existing validated outcomes such as the ASES. In terms of
future research in our registry, we have since replaced the
PROMIS PF-CAT with the PROMIS UE-CAT and will
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Figure 2  Person-item map for American Shoulder and Elbow Surgeons (ASES) function items. ADL, activity of daily living.

continue to collect the ASES to enable similar psycho-
metric comparisons.

This study is subject to several important limitations.
First, the scope of our study was limited to patients with
primary glenohumeral osteoarthritis undergoing anatomic
TSA, and the results may not be valid for patients suffering
from other shoulder conditions. In addition, as a single-
specialty tertiary referral center, there is potential selection
bias in our study population. Furthermore, there is potential
for questionnaire fatigue as a result of completing multiple
PROMs, which may affect answer responses. Finally, as a
cross-sectional study capturing only a single preoperative
time point, we were unable to assess the responsiveness of
the PROMs to TSA.

Conclusion

Despite moderate correlation with the ASES, PROMIS
PF-CAT demonstrated inferior validity and psychomet-
ric properties in a population of patients undergoing

primary TSA. PROMIS PF-CAT should not replace the
ASES in this population of patients.

Disclaimer
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received any financial payments or other benefits from
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