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Background: No previous study has investigated how the Patient-Reported Outcomes Measurement Information System
(PROMIS) performs compared with legacy patient-reported outcome measures in patients with symptomatic acetabular dyspla-
sia treated with periacetabular osteotomy (PAO).

Purpose: To (1) measure the strength of correlation between the PROMIS and legacy outcome measures and (2) assess floor and
ceiling effects of the PROMIS and legacy outcome measures in patients treated with PAO for symptomatic acetabular dysplasia.

Study Design: Cohort study (Diagnosis); Level of evidence, 2.

Methods: This study included 220 patients who underwent PAO for the treatment of symptomatic acetabular dysplasia. Outcome
measures included the Hip disability and Osteoarthritis Outcome Score (HOOS) pain, HOOS activities of daily living (ADL), mod-
ified Harris Hip Score (mHHS), PROMIS pain, and PROMIS physical function subsets, with scores collected preoperatively and/or
postoperatively at a minimum 12-month follow-up. The change in mean scores from preoperatively to postoperatively was cal-
culated only in a subgroup of 57 patients with scores at both time points. Distributions of the PROMIS and legacy scores were
compared to evaluate floor and ceiling effects, and Pearson correlation coefficients were calculated to evaluate agreement.

Results: The mean age at the time of surgery was 27.7 years, and 83.6% were female. The mean follow-up time was 1.5 years.
Preoperatively, neither the PROMIS nor the legacy measures showed significant floor or ceiling effects. Postoperatively, all legacy
measures showed significant ceiling effects, with 15% of patients with a maximum HOOS pain score of 100, 29% with a HOOS
ADL score of 100, and 21% with an mHHS score of 100. The PROMIS and legacy instruments showed good agreement preop-
eratively and postoperatively. The PROMIS pain had a moderate to strong negative correlation with the HOOS pain (r = 20.66;
P \ .0001) and mHHS (r = 20.60; P \ .0001) preoperatively and the HOOS pain (r = 20.64; P \ .0001) and mHHS
(r = 20.64; P \ .0001) postoperatively. The PROMIS physical function had a moderate positive correlation with the HOOS
ADL (r = 0.51; P \ .0001) and mHHS (r = 0.49; P \ .0001) preoperatively and a stronger correlation postoperatively with the
HOOS ADL (r = 0.56; P \ .0001) and mHHS (r = 0.56; P \ .0001).

Conclusion: We found good agreement between PROMIS and legacy scores preoperatively and postoperatively. PROMIS
scores were largely normally distributed, demonstrating an expanded ability to capture variability in patients with improved out-
comes after treatment.
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Periacetabular osteotomy (PAO) is an established surgical
procedure to treat patients with symptomatic acetabular
dysplasia.10,17,37,44,45 These patients are commonly young
and healthy with active lifestyles, which can introduce
challenges in measuring physical function and activity
before and after treatment. Currently, patient-reported

outcomes (PROs) in patients undergoing PAO are primar-
ily measured using legacy scores (historic PRO measures
developed by clinicians with limited patient input, not
intended for measuring provider performance36), which
include the Hip disability and Osteoarthritis Outcome
Score (HOOS), Western Ontario and McMaster Universi-
ties Osteoarthritis Index (WOMAC), and modified Harris
Hip Score (mHHS).10,11,17,22,26,37 However, these scores
have some limitations, and multiple studies have shown
legacy PRO measures to be inconsistently administered
and reported across the literature in upper and lower
extremity orthopaedics.27,28,46
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Despite legacy scores being validated for use across multi-
ple hip osteoarthritis abnormalities,18,23,32 the mHHS and
a significant portion of the HOOS were not developed using
modern psychometric approaches. Additionally, several leg-
acy measures including the WOMAC,35 36-Item Short
Form Health Survey (SF-36),35 HHS,41 and several HOOS
subdomains16,32 have been shown to have significant floor
or ceiling effects after total hip arthroplasty, thus failing to
distinguish between patients after treatment for hip osteoar-
thritis. This may lead to shortcomings in the discriminative
ability of a test to detect clinically relevant changes in popu-
lations with very high or very low outcome scores and can
negatively affect sample size requirements.32,33,41 Given the
changing landscape of the US health care system as it moves
away from a volume-driven payment model to a quality-
based reimbursement plan, identifying a standardized, vali-
dated, and reliable PRO measure becomes important for
future utilization and reimbursement.

In an effort to address the longstanding shortcomings of
PRO measures, the National Institutes of Health (NIH) initi-
ated a multicenter group in 2004 called the Patient-Reported
Outcomes Measurement Information System (PROMIS),
with the purpose of developing and validating a standardized
PRO item bank that could be used across a range of common
medical conditions.8 The resulting PROMIS instrument uti-
lizes computer adaptive testing and item response theory to
dynamically adapt to and choose the most appropriate ques-
tions based on the patient’s previous responses, resulting in
an instrument that can capture PROs more precisely and
efficiently.12,14 The ability to eliminate some questionnaire
burden on patients so that they are not required to answer
all questions on a survey makes it an attractive measure
for assessing patient outcomes in clinical care.7 Additionally,
the PROMIS has been shown to require significantly smaller
sample sizes compared with legacy instruments when detect-
ing differences within patient populations, potentially lower-
ing research costs for clinical trials.13,14 Of particular interest
in the context of musculoskeletal disease are the PROMIS
pain and physical function domains. Both domains have
been validated for use in various orthopaedic populations
including total shoulder arthroplasty,9 upper and lower
extremity,20 nonshoulder upper extremity,4 and osteoar-
thritic6 populations. However, the utility of these PROMIS
domains for measuring outcomes in patients undergoing
PAO still is not fully understood.

The main goal of this study was to compare the
PROMIS to existing legacy measures in a population of
patients who had undergone PAO for the treatment of

symptomatic acetabular dysplasia. Our objectives were to
(1) measure the strength of correlation between the
PROMIS and legacy measures at preoperative and postop-
erative time points and (2) assess floor and ceiling effects of
the PROMIS and legacy measures. We hypothesized (1) that
PROMIS scores would show a strong correlation with legacy
scores when assessing similar parameters and (2) that the
PROMIS would not show floor or ceiling effects.

METHODS

Patient Population

As part of a prospective longitudinal cohort, one of the
senior authors (J.C.C.) prospectively enrolled patients
undergoing PAO for the treatment of symptomatic acetab-
ular dysplasia from January 2008 to December 2017 who
did not respond to nonoperative treatment. The collection
of PROMIS scores in this cohort occurred between 2015
and 2017; there were 335 patients who completed the
PROMIS instrument at �1 time points. The questionnaires
were given to all patients on an iPad (Apple) during preop-
erative and postoperative visits by a medical assistant.
Patients younger than 18 years (n = 77) and patients
with a history of ipsilateral hip surgery (n = 38) were
excluded for the purposes of this study to remove addi-
tional morbidity from past surgery on the ipsilateral hip
and to exclude patients who filled out the pediatric
PROMIS form (all patients aged \18 years at our institu-
tion), producing a final study population of 220 patients. A
subset of 57 patients had complete data on both preopera-
tive and minimum 1-year postoperative PROMIS and leg-
acy scores. The PROMIS was not implemented until June
2015 at our institution; thus, only a subset of patients
were able to provide preoperative and postoperative
PROMIS scores. All other patients treated before June
2015 were only able to provide postoperative PROMIS
scores. This study was approved by our institution’s insti-
tutional review board.

Data Collection

After providing informed consent for participation in this
study, patients were given a series of questionnaires,
which included demographics, medical comorbidities,
social history, previous hip surgery, and PRO scores. These

zAddress correspondence to John C. Clohisy, MD, Department of Orthopaedic Surgery, Washington University School of Medicine, 660 South Euclid
Avenue, Campus Box 8233, St Louis, MO 63110, USA (email: jclohisy@wustl.edu).

*University of Miami Miller School of Medicine, Miami, Florida, USA.
yDepartment of Orthopaedic Surgery, Washington University School of Medicine, St Louis, Missouri, USA.
Submitted May 14, 2019; accepted October 23, 2019.

One or more of the authors has declared the following potential conflict of interest or source of funding: This work was supported in part by the Curing
Hip Disease Fund (J.C.C.) and the Jacqueline & W. Randolph Baker Fund (J.C.C.). J.C.C. has received a grant from Zimmer Biomet; other from Zimmer
Biomet, MicroPort Orthopedics, and Wolters Kluwer Health; education fees from Arthrex; and consulting fees from Smith & Nephew outside the submitted
work. E.L.Y. has received grants from the Scoliosis Research Society outside the submitted work. C.P.-G. has received grants from AOSSM/Sanofi,
Arthrex, OREF, and Zimmer and hospitality payments from Stryker and Smith & Nephew (disputed by the author) outside the submitted work. AOSSM
checks author disclosures against the Open Payments Database (OPD). AOSSM has not conducted an independent investigation on the OPD and dis-
claims any liability or responsibility relating thereto.

2 Li et al The American Journal of Sports Medicine



outcome scores were collected preoperatively and/or at
a minimum of 1 year postoperatively. Legacy measures
included the mHHS to assess pain and function3; the
HOOS including 5 subscores to evaluate lower extremity
symptoms, pain, sports/recreation, activities of daily living
(ADL), and quality of life5; the University of California, Los
Angeles (UCLA) score to assess activity level1; and the SF-
12 Health Survey (short form of SF-36) to measure overall
physical and mental health (version 2).42 PROMIS scores,
which included pain and physical function subsets, were
collected concurrently starting in 2015.

Statistical Analysis

This study focused on how PROMIS pain and physical
function scores correlate and compare with legacy scores
relating to pain and function, which include the HOOS
pain, HOOS ADL, and mHHS. The PROMIS is scored on
a 100-point scale, with higher scores indicating more
pain (for PROMIS pain) and better physical function (for
PROMIS physical function). Each subscale of the HOOS
is scored on a scale of 1 to 100, with a score of 100 indicat-
ing no problems (best outcome). The mHHS is scored on
a scale of 0 to 100, with a score of 100 denoting the least
dysfunction (best outcome).31

Demographic, clinical, and PRO findings were described
for the included study population. Mean scores for the
PROMIS and legacy measures are reported. Time to
follow-up was calculated from the difference between the
date of postoperative PROMIS/legacy survey completion
and the date of surgery in the 57-patient subgroup. Distri-
butions of PROMIS and legacy scores were compared using
histograms to evaluate floor and ceiling effects. A floor or
ceiling effect of 15% was considered the maximum accept-
able value.39 Changes in PROMIS and legacy scores from
preoperatively to postoperatively in the 57-patient sub-
group were visualized using scatterplots. To assess the
relationship between related legacy and PROMIS scores
preoperatively and postoperatively, Pearson correlation
coefficients were calculated between the PROMIS pain
and HOOS pain, PROMIS physical function and HOOS
ADL, and PROMIS physical function and mHHS. A corre-
lation of 0.9 to 1.0 was considered to be very strong, 0.7 to
0.9 to be strong, 0.5 to 0.7 to be moderate, 0.3 to 0.5 to be
weak, and 0.0 to 0.3 to be negligible.30 A P value \.05
was considered to be statistically significant for all statisti-
cal measures. All statistical analyses were performed using
SAS 9.4 (SAS Institute).

RESULTS

Of the 220 patients included in our study, the mean age at
the time of surgery was 27.7 6 7.7 years, the mean body
mass index was 24.5 6 3.6 kg/m2, and 83.6% of the cohort
were female. Hip abnormalities manifested on the right
side in 54.1% of patients. Over half of patients had pain
from their hip abnormality for up to 3 years (66.9%), and
28.1% of patients had a Tönnis grade of 1, while the rest

had a Tönnis grade of 0. The mean lateral center edge
angle was 14.8� 6 8.1�, the mean acetabular inclination
angle was 15.7� 6 6.3�, the mean anterior-posterior alpha
angle was 55.9� 6 23.7�, and the mean anterior center
edge angle was 16.6� 6 10.4�. A total of 114 (51.8%)
patients had preoperative PROMIS scores, and 191
(86.8%) patients had postoperative PROMIS scores. Addi-
tionally, 57 patients had PROMIS and legacy scores both
preoperatively and postoperatively, and the mean time to
follow-up was 1.5 years (Table 1).

Floor and Ceiling Effects

Preoperatively, neither the PROMIS nor the legacy scores
showed significant floor or ceiling effects, although the
HOOS ADL score was skewed left, with over 10% of
patients clustered with a score �90. All other scores preop-
eratively were normally distributed (Figure 1). Postopera-
tively, all legacy scores were heavily skewed left and
showed significant ceiling effects, with 15% of patients
with a maximum HOOS pain score of 100, 29% with
a HOOS ADL score of 100, and 21% with an mHHS score
of 100. None of the legacy scores demonstrated a floor
effect (Figure 2). PROMIS physical function and pain
scores were normally distributed, although 13% of patients
were clustered with a PROMIS pain score of 38.7 (Figure
2A). The PROMIS instrument had a mean score closer to
50 postoperatively (PROMIS pain: 52.9 6 8.1; PROMIS
physical function: 48.1 6 9.0), while the legacy instru-
ments had a mean score closer to the ceiling postopera-
tively (HOOS pain: 84.6 6 16.4; HOOS ADL: 92.4 6 11.2;
mHHS: 85.5 6 15.3) (Table 2).

PROMIS and Legacy Correlations

The PROMIS and legacy instruments showed good agree-
ment between pain and function scores preoperatively
and postoperatively in the total population (Figure 3). Pre-
operatively, the PROMIS pain had a moderate to strong
negative correlation with the HOOS pain (r = 20.66; P \
.0001) and mHHS (r = 20.60; P \ .0001), indicating that
a high PROMIS pain score (severe pain) is correlated
with a low HOOS pain score (severe pain) and low
mHHS score (low function). Postoperatively, the correla-
tion stayed about the same with the HOOS pain (r =
20.64; P \ .0001) and became slightly more robust with
the mHHS (r = 20.64; P \ .0001). Preoperatively, the
PROMIS physical function had a moderate positive corre-
lation with the HOOS ADL (r = 0.51; P \ .0001) and
mHHS (r = 0.49; P \ .0001), indicating that a high
PROMIS physical function score (high function) is corre-
lated with a high HOOS ADL score (high function) and
high mHHS score (high function). Postoperatively, the cor-
relations became stronger, with a moderate positive corre-
lation between the PROMIS physical function and HOOS
ADL (r = 0.56; P \ .0001) and a moderate positive correla-
tion between the PROMIS physical function and mHHS
(r = 0.56; P \ .0001).
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Change in PROMIS and Legacy Scores
From Preoperatively to Postoperatively

Overall, among the 57 patients with scores both preopera-
tively and postoperatively, the PROMIS and legacy scores
showed significant improvement at postoperative time
points (Table 2). For postoperative PROs collected between
1.0 and 2.9 years after surgery, scores did not differ signifi-
cantly over time since surgery for the PROMIS physical
function, HOOS pain, and HOOS ADL. Scores were
improved with increasing time since surgery for the
PROMIS pain (6.00-point difference per year; P = .003)
and mHHS (9.41-point difference per year; P = .03) (Figures
4 and 5). The PROMIS and legacy scores preoperatively and
postoperatively are reported in Table 2. The mean change in
the UCLA score from preoperatively to postoperatively was
0.8 6 3.2. The mean change in the mHHS score was 26.0 6

18.7. The HOOS was divided into 5 subsets, with a mean
change in the HOOS symptoms score of 23.6 6 20.7,
HOOS pain score of 30.9 6 22.4, HOOS ADL score of 27.2
6 20.0, HOOS sports/recreation score of 37.7 6 24.4, and
HOOS quality of life score of 35.4 6 26.8. The WOMAC
was divided into 3 subsets, with a mean change in the
WOMAC pain score of 27.9 6 19.6, WOMAC physical func-
tion score of 31.8 6 22.0, WOMAC stiffness score of 27.2 6

20.0, and WOMAC total score of 23.7 6 24.5. The mean

change in the SF-12 physical component score was 11.7 6

12.8, and the mean change in the SF-12 mental component
score was 21.2 6 10.4. The PROMIS was divided into 2 sub-
sets, with a mean change in the PROMIS pain score of 28.0
6 9.1 and a mean change in the PROMIS physical function
score of 7.6 6 10.5 (Table 2).

DISCUSSION

In our study, we found good agreement between PROMIS
and legacy pain and function scores preoperatively and post-
operatively, with correlations becoming slightly stronger
postoperatively. Legacy scores also demonstrated substan-
tial ceiling effects postoperatively, which may limit the abil-
ity of legacy instruments to capture differences in patients
who have improved pain and function scores after surgical
treatment for acetabular dysplasia. These data indicate
that the PROMIS could offer complementary information
for measuring PROs in patients undergoing PAO for the
treatment of symptomatic acetabular dysplasia.

Although the PROMIS and legacy scores were both nor-
mally distributed preoperatively, there were significant
and visible differences in the distribution of scores postop-
eratively: while PROMIS scores showed a generally

TABLE 1
General Patient Characteristicsa

Total (n = 220) Subgroupb (n = 57)

Sex, n (%)
Male 36 (16.4) 7 (12.3)
Female 184 (83.6) 50 (87.7)

Age at surgery, mean 6 SD, y 27.7 6 7.67 28.1 6 6.66
Body mass index, mean 6 SD, kg/m2 24.5 6 3.60 23.6 6 3.23
Side, n (%)

Left 101 (45.9) 24 (42.1)
Right 119 (54.1) 33 (57.9)

Pain chronicity, n (%)
\1 y 56 (25.5) 9 (15.8)
1-3 y 91 (41.4) 31 (54.4)
3-5 y 32 (14.6) 8 (14.0)
.5 y 41 (18.6) 9 (15.8)

Tönnis grade, n (%)
Grade 0 156 (71.9) 45 (80.4)
Grade 1 61 (28.1) 11 (19.6)

Radiographic finding, mean 6 SD, deg
Lateral center edge angle 14.8 6 8.11 15.1 6 8.46
Acetabular inclination angle 15.7 6 6.34 15.5 6 6.42
Anterior-posterior alpha angle 55.9 6 23.7 58.1 6 26.1
Anterior center edge angle 16.6 6 10.4 17.3 6 10.8

Time to follow-up, mean (range), y
PROMIS pain — 1.46 (1.00-2.87)
PROMIS physical function — 1.46 (1.00-2.87)
HOOS pain — 1.48 (1.00-2.87)
HOOS ADL — 1.48 (1.00-2.87)
mHHS — 1.48 (1.00-2.87)

aDashes indicate value not calculated. ADL, activities of daily living; HOOS, Hip disability and Osteoarthritis Outcome Score; mHHS,
modified Harris Hip Score; PROMIS, Patient-Reported Outcome Measurement Information System.

bSubgroup of patients who have both PROMIS and legacy scores preoperatively and postoperatively.
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normal distribution, the HOOS pain, HOOS ADL, and
mHHS scores were all heavily skewed left and demon-
strated a visible ceiling effect. Our findings are consistent
with previous studies that have similarly found ceiling

effects postoperatively in legacy measures when reporting
on patients with hip osteoarthritis undergoing total hip
arthroplasty.16,32,41 These ceiling effects may limit the abil-
ity of legacy instruments to capture differences in patients

Figure 1. Histograms comparing the distribution of preoperative Patient-Reported Outcomes Measurement Information System
(PROMIS) scores to preoperative legacy scores in the total patient population (n = 220). (A) Preoperative PROMIS pain score, (B)
preoperative PROMIS physical function score, (C) preoperative Hip disability and Osteoarthritis Outcome Score (HOOS) pain
score, (D) preoperative HOOS activities of daily living (ADL) score, and (E) preoperative modified Harris Hip Score (mHHS).

Figure 2. Histograms comparing the distribution of postoperative Patient-Reported Outcomes Measurement Information System
(PROMIS) scores to postoperative legacy scores in the total patient population (n = 220). (A) Postoperative PROMIS pain score,
(B) postoperative PROMIS physical function score, (C) postoperative Hip disability and Osteoarthritis Outcome Score (HOOS) pain
score, (D) postoperative HOOS activities of daily living (ADL) score, and (E) postoperative modified Harris Hip Score (mHHS).
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who have improved pain and function scores after surgical
treatment for acetabular dysplasia.

A study recently published by Wasko et al,43 which
includes members of our current group, found legacy instru-
ments to have adequate psychometric properties for measur-
ing PROs in patients undergoing PAO for the treatment of
symptomatic acetabular dysplasia. Specifically, investigators
measured the internal consistency, validity, minimal clini-
cally important difference, responsiveness, and floor and ceil-
ing effects of the HOOS, WOMAC, and mHHS instruments.
The study only reported floor/ceiling effects at preoperative
time points and found no floor or ceiling effects .15% in
any of their measures. However, given that the interquartile
ranges for the postoperative HOOS pain, HOOS ADL, and
mHHS scores were 75.0 to 97.5, 83.8 to 100.0, and 71.5 to
95.7, respectively, 25% of patients were either at or close to
the ceiling for all 3 instruments. These results are in agree-
ment with our findings of ceiling effects in legacy instru-
ments postoperatively.

Future surgical refinements will likely target active
patients with a preserved hip but mild to moderate symp-
toms and suboptimal activity levels.45 Outcome metrics
that are more sensitive to the spectrum of patient-reported
pain and function will enable more precise treatment
refinements and eventually improved clinical outcomes.
Given our results in the context of the recent study
addressing the appropriateness of using legacy measures

to assess PROs in patients undergoing PAO, our findings
provide evidence that the PROMIS can capture variability
in patients with improved PROs that would not be cap-
tured by using legacy measures alone. Our study also dem-
onstrates that the PROMIS was able to adequately capture
improvements in pain and function scores after PAO. From
preoperatively to postoperatively, patients showed a mean
improvement of 8.0 points on the PROMIS pain and 7.6
points on the PROMIS physical function, demonstrating
clinically significant improvement in PROs based on previ-
ously determined minimal clinically important differences
calculated for joint reconstruction19 and spinal2,21 ortho-
paedic populations. It should be noted that the PROMIS
is not a hip-specific instrument, and increased variability
postoperatively may in part indicate the capture of other
musculoskeletal problems. This may be the case less fre-
quently in a young population such as patients with ace-
tabular dysplasia15 (mean age, 27.7 years). Regardless,
overall functional improvement and pain resolution are
important long-term outcomes in this population.

There are several limitations to our study that should
be noted. First, we have incomplete data on PROMIS
scores, with 57 of the 220 patients having complete data
on both preoperative and postoperative scores; this is
because the PROMIS was only implemented within the
orthopaedics department of Washington University in
June 2015, and patients are continuing to come back to

TABLE 2
Preoperative and Postoperative PROMIS and Legacy Scores in Patient Subgroup (n = 57)a

Change in Score From
Preoperatively to Postoperatively

Preoperative Score Postoperative Score Mean 6 SD P Value

PROMIS
Pain 60.9 6 6.15 52.9 6 8.10 28.03 6 9.05 \.0001
Physical function 40.4 6 6.26 48.1 6 9.03 7.62 6 10.50 \.0001

Legacy measures
UCLA scoreb 6.30 6 2.74 7.23 6 2.44 0.82 6 3.23 .07
mHHS 59.5 6 12.7 85.5 6 15.3 26.0 6 18.7 \.0001
HOOS

Symptomsb 53.8 6 17.9 77.3 6 18.2 23.6 6 20.7 \.0001
Pain 53.8 6 18.3 84.6 6 16.4 30.9 6 22.4 \.0001
ADL 65.1 6 19.0 92.4 6 11.2 27.2 6 20.0 \.0001
Sports/recreationb 40.8 6 19.6 77.7 6 19.8 37.7 6 24.4 \.0001
Quality of life 30.8 6 17.2 66.2 6 26.3 35.4 6 26.8 \.0001

WOMAC
Pain 56.6 6 19.8 88.4 6 15.5 31.8 6 22.0 \.0001
Physical function 65.1 6 19.0 92.4 6 11.2 27.2 6 20.0 \.0001
Stiffness 53.7 6 20.3 77.4 6 21.2 23.7 6 24.5 \.0001
Total 62.4 6 18.2 90.3 6 12.3 27.9 6 19.6 \.0001

SF-12
Physical component 35.9 6 10.1 47.5 6 10.0 11.7 6 12.8 \.0001
Mental component 54.8 6 8.93 53.7 6 8.31 21.2 6 10.4 .40

aSubgroup of patients who have both PROMIS and legacy scores preoperatively and postoperatively. Data are shown as mean 6 SD. ADL,
activities of daily living; HOOS, Hip disability and Osteoarthritis Outcome Score; mHHS, modified Harris Hip Score; PROMIS, Patient-
Reported Outcome Measurement Information System; SF-12, 12-Item Short Form Health Survey; UCLA, University of California, Los
Angeles; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

bOne patient was missing data on the UCLA score preoperatively, 1 patient was missing data on the HOOS symptoms preoperatively, and
2 patients were missing data on the HOOS sports/recreation postoperatively.
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the clinic for postoperative follow-up. Therefore, there are
fewer patients with preoperative PROMIS scores com-
pared with preoperative legacy scores, and postoperative
PROMIS scores are being recorded on a continuous basis
as patients return for follow-up. Second, the mean time
to follow-up was 1.5 years, with a maximum follow-up of
2.9 years. Because PAO is a procedure in which long-
term pain and functional outcomes are particularly impor-
tant, a comparison of PROMIS and legacy scores at longer
periods of follow-up will be valuable to investigate in the
future. It should be noted that there was no significant dif-
ference between postoperative PROMIS physical function
and HOOS scores collected at different time points
between 1.0 and 2.9 years postoperatively and statistically
significant but clinically small absolute differences
between postoperative PROMIS pain and mHHS scores
at different postoperative time points (Figures 4 and 5).
As a result, we chose to analyze all PROMIS and legacy
scores occurring between 1.0 and 2.9 years postoperatively
together. Third, although all correlation analyses showed
statistically significant correlations between the PROMIS
and legacy measures at preoperative and postoperative
time points, some correlations were only weak to moderate

in strength. A recent study conducted by Kollmorgen et al24

investigated agreement between the PROMIS and legacy
measures in patients presenting to a tertiary care hip pres-
ervation center using correlations and found moderate to
strong correlations in all relationships measured. However,
this study did not differentiate between preoperative/
postoperative or surgical/nonsurgical patients; rather we
grouped all preoperative, postoperative, and nonsurgical
patients together into a single group and measured correla-
tions as if at a single time point. Similarly, another recently
published study by Padilla et al34 also reported moderate to
strong correlations between legacy (Knee injury and Osteo-
arthritis Outcome Score joint replacement and HOOS–joint
replacement) and PROMIS scores in patients presenting to
an adult reconstructive outpatient clinic with hip or knee

Figure 3. Forest plot of Pearson correlation coefficients cal-
culated between Patient-Reported Outcomes Measurement
Information System (PROMIS) and legacy scores preopera-
tively and postoperatively in the total patient population
(n = 220). A PROMIS pain score of 0 indicates no pain
(best outcome). A PROMIS physical function score of 100
indicates highest physical function (best outcome). ADL,
activities of daily living; HHS, Harris Hip Score; HOOS, Hip
disability and Osteoarthritis Outcome Score.

Figure 4. Scatterplots of the change in Patient-Reported
Outcomes Measurement Information System (PROMIS)
pain and physical function scores from preoperatively to
postoperatively of the subgroup patient population (sub-
group of patients who have both PROMIS and legacy scores
preoperatively and postoperatively [n = 57]). Regression
trend lines with absolute difference and associated P value
are reported. A PROMIS pain score of 0 indicates no pain
(best outcome). A PROMIS physical function score of 100
indicates highest physical function (best outcome). MD,
mean difference in PROMIS score per year since surgery.
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complaints. Although this study did separate patients who
were treated operatively with total joint replacement versus
those who were managed nonoperatively, they did not dif-
ferentiate PRO scores between preoperative and postopera-
tive time points. Although our study did not produce
correlations as strong as the Kollmorgen et al24 or Padilla
et al34 studies, we believe that our study offers a more valid
estimate of agreement between PROMIS and legacy scores,
given that we looked distinctly at preoperative and postop-
erative time points and that surgical and nonoperative
patients have very different clinical courses. Fourth, there
are inherent limitations in measuring subjective outcomes,
particularly when it comes to function. The creation of the
PROMIS, a standardized and validated PRO measuring sys-
tem, helps to minimize these potential weaknesses but can-
not completely eliminate them. For example, anxiety and
depression are subjective contributors to patient outcomes
that can significantly affect pain and function reporting.
As these are both existing PROMIS domains available for
use, we have started collecting PRO data on these results
as well but did not focus on these domains in the current

study, as the main aim of our study was to measure agree-
ment between legacy measures and the PROMIS. Finally,
we did not include in our data collection several other legacy
PRO measures also traditionally used to assess pain and
function in orthopaedic patient populations with hip dys-
function, including the Copenhagen Hip and Groin Outcome
Score and the International Hip Outcome Tool (iHOT), both
of which have been shown to be appropriate and validated
for use in young to middle-aged patients with symptomatic
hip or groin abnormalities.29,40 As of the beginning of 2019,
our institution has implemented the use of new contempo-
rary PRO measures, which include the iHOT-12.

Additional potential benefits to using the PROMIS,
which our study did not investigate, include the establish-
ment of a standardized common language when reporting
PROs in orthopaedic populations. Given the changes that
the US health care system is currently undergoing as it
shifts away from the traditional volume-driven fee-for-ser-
vice reimbursement model to a value-based payment plan,
it is likely that the payers in the health care system may
soon more broadly start requiring some sort of PRO

Figure 5. Scatterplots of the change in modified Harris Hip Score (mHHS), Hip disability and Osteoarthritis Outcome Score
(HOOS) pain, and HOOS activities of daily living (ADL) scores from preoperatively to postoperatively of the subgroup patient pop-
ulation (subgroup of patients who have both Patient-Reported Outcomes Measurement Information System [PROMIS] and legacy
scores preoperatively and postoperatively [n = 57]). Regression trend lines with absolute difference and associated P value are
reported. MD, mean difference in PROMIS score per year since surgery.
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measure to be used in clinical practice.36 As such, a PRO
measure that is standardized, is validated, and reliably
assesses the value of physician care from the patient’s per-
spective needs to be identified. Currently, there are a large
number of joint-specific PRO instruments used in ortho-
paedic surgery, with high levels of variability in PROs across
studies reporting on patients with the same diagnosis, limit-
ing the translatability of these studies.25,28,38 These short-
comings in older PRO instruments are part of what
prompted the NIH to create the PROMIS, a validated, stan-
dardized item bank applicable to the general population that
can be used across a wide variety of morbidities. Also,
because the PROMIS utilizes computer adaptive testing
and item response theory to produce a concise and targeted
survey, averaging only 7 questions per domain in our study,
the time constraints that come with a high number of survey
questions should not be a barrier to implementing the
PROMIS in the clinic alongside existing legacy instruments.
Implemented alongside existing legacy PRO instruments
that are specific to hip abnormalities, the PROMIS could pro-
vide for a better comparison of results across different clinical
trials and improve the applicability of research results in
clinical practice. In our study, we demonstrated that the
PROMIS pain and physical function domains can provide
valuable additional insight into patients with improved
pain and function scores undergoing PAO for the treatment
of symptomatic acetabular dysplasia when used alongside
existing legacy instruments.
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