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Abstract

Background: The creation of a single patient-reported outcome (PRO) platform validated across
hip preservation, osteoarthritis (OA), and total hip arthroplasty (THA) populations may reduce
barriers and streamline routine collection of PROs in clinical practice. As such, the purpose of this
study was to determine if augmenting the Hip dysfunction and Osteoarthritis Outcome Score, Joint
Replacement (HOOS,JR) with addistional HOOS questions would result in a PRO platform that
could be used across a wider spectrum of hip patient populations.

Hypothesis: The HOOS,JR would demonstrate a notable ceiling effect, but that augmenting the
HOQOS,JR with additional HOOS questions, a responsive PRO platform could be created.

Study Design: Case series. Level of Evidence: Diagnostic, Level II.

Methods: Using pre- and postoperative responses to the HOOS questionnaires from a sample of
304 peri-acetabular osteotomy patients, additional items were identified to augment the HOOS,JR.
Psychometric properties of newly-created PRO tool (HOOSgjohq1) Were then compared to the
HOOS,JR and other PRO instruments developed for hip OA and/or THA patients.

Results: By augmenting the HOOS,JR with two additional questions, the HOOSgqpa Was more
responsive than all other included PRO tools and had significantly fewer maximum postoperative
scores than the HOOS,JR (p<0.0001), HOOS-PS (p<0.0001), WOMAC (p=0.02), UCLA
(p=0.0002), and mHHS scores (p=0.04). The postoperative threshold HOOSgqpq Score associated
with patients achieving an acceptable symptom state was 62.5 points.

Conclusion: The HOOSgqp, offers a valid and responsive PRO tool following PAO and may
potentially provide the orthopedic community a PRO platform to be used across hip-related
subspecialties. For patients undergoing peri-acetabular osteotomy, a postoperative HOOSg)opqy
score = 62.5 was associated with patients achieving an acceptable symptom state.
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Introduction:

Methods:

Patients

The Hip dysfunction and Osteoarthritis Outcome Score (HOOQOS) is a 40-item patient-
reported outcome (PRO) tool that has provided invaluable information related to subjective
pain and function for hip osteoarthritis (OA) and arthroplasty patients.22 However, while the
full version of the HOOS allows for the specific domains of Pain, Symptoms, Activities of
Daily Living (ADL), Sports and Recreation (Sport), and Quality of Life (QOL), the length
of the tool has been a barrier to incorporating routine use into clinical practice. With the
impending mandatory physician quality reporting for arthroplasty surgeons, Lyman et al.
recently validated the HOOS Joint Replacement, or HOOS, JR.1® Consisting of six items
from the full HOOS, the HOOS, JR is an efficient and responsive tool to that provides
clinicians with a global score to assess postoperative hip arthroplasty outcomes.1> However,
since the HOOS,JR was developed using a cohort of hip arthroplasty patients with an
average age of 64 years, it is unlikely that the HOOS,JR would demonstrate similar
psychometric properties if administered to younger, more active hip preservation patients.

There are clear advantages of having an efficient, valid and responsive global PRO measure,
as meaningful clinical data can be generated with less burden to the patient, surgeon, and
clinical staff. Furthermore, efficient global PRO scores may be more easily incorporated into
the patient’s electronic health record. Despite these advantages, to date there is no single
PRO tool validated for use across hip-related subspecialties. PRO tools originally developed
for the total hip arthroplasty (THA) community such as the Harris Hip Score have
demonstrated large ceiling effects when administered to hip preservation patients. On the
contrary, PRO tools such as the International Hip Outcome Tool (iHOT) and Hip Outcome
Score (HOS) have been validated in the hip preservation population but not in the OA or
THA population.16: 18 The creation of a single PRO platform validated across hip
preservation, OA, and THA populations may reduce barriers and streamline routine
collection of PROs in clinical practice. As such, the purpose of this study was to develop a
PRO platform by augmenting the HOOS, JR with additional questions from the full version
of the HOOS, and to assess the validity and responsiveness of this tool in a hip preservation
patient population. We hypothesized that when administered to a hip preservation patient
population, the augmented HOQOS, JR (termed the HOOSgqp41) would demonstrate superior
psychometric properties when compared to the HOOS, JR and other PRO tools that were
originally developed for the OA and/or THA communities.

From an IRB-approved, multicenter prospective cohort (Academic Network of
Conservational Hip Outcomes Research (ANCHORY), Washington University IRB protocol
#201107167), we identified 304 consecutive peri-acetabular osteotomy (PAO) patients (283
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females, 61 males, age = 24.7 + 9.4 years) with minimum 1-year follow-up and complete
pre- and postoperative PRO data. All patients underwent PAO for hip dysplasia, with a
subset having concomitant procedures to address cam (n = 16), pincer (n = 2), or combined
deformity (n = 3). We included all PAQO patients that had consented to participate in the
study protocol, and patients were not excluded based on age, sex, race, or the presence of
concomitant injury. In addition to the HOOS, patients routinely completed UCLA Activity
Scale32 and modified Harris Hip Score (mHHS)25 questionnaires both prior to and following
surgery. From the full version of the HOOS, the HOOS, JR,1> HOOS-Physical Function
Shortform (HOOS-PS),5 and Western Ontario and MacMaster Universities Arthritis Index
(WOMAC)3 were calculated.

Item selection

To develop the HOOSgjopa), We first identified individual items from the HOOS that were
not included in the HOOS, JR for which a percentage of patients reported persistent
postoperative difficulty. Items with <33% of patients with postoperative responses of “none”
were selected for possible inclusion in the HOOSgqha meaning that at least two-thirds of
patients continue to report pain or difficulty with that item at a minimum of one year after
PAO. This was done to ensure the face and content validity of the HOOSgjqpa1. We included
only those items for possible inclusion for which a relatively high percentage of patients
reported continued pain or difficulty one year after PAO. Items that relatively few patients
reported pain or difficulty would not discriminate between patients with a poor or good
outcome and by eliminating such items, the face and content validity of the HOOSggpa
would be maintained. Once potential additional items were identified, we applied a Rasch
measurement model to the stacked dataset using both the HOOS, JR and HOOSggpg)-

24, 28,29 Because each item has its own distinct set of category descriptors, the analysis was
conducted using the Rasch Partial Credit model available in Winsteps Rasch Measurement
Software version 3.81.0 (Winsteps, Beaverton, OR).17: 30 Details regarding the methods used
in the Rasch analysis, item inclusion and exclusion, and comparative results of the HOOS,JR
and HOOSgqpq can be found in the accompanying electronic Supplemental files.

We then calculated the HOOSgqpq Score associated with a Patient-Acceptable Symptom
State (PASS). The PASS represents the postoperative threshold value of a given PRO
instrument that is associated with the majority of patients with postoperative scores above
the PASS threshold are satisfied with their surgical procedure.® To do so, we employed
methods similar to those recently used to calculate the PASS for the International Knee
Documentation Committee (IKDC) subjective knee form and Knee injury and Osteoarthritis
Outcome Score (KOOS) after anterior cruciate ligament reconstruction.1® At the most recent
postoperative follow-up visit, patients were asked if they were satisfied with their hip
surgery with the options of either “Yes” or “No.” We then utilized a Receiver Operator
Characteristic (ROC) curve to determine if a PASS threshold for the HOOSgop,) could be
identified. The PASS threshold was determined by calculating the Youden index,3! which is
product of the sensitivity and specificity for a given outcome score, and the PASS threshold
was the combination of sensitivity and specificity with the greatest Youden index.
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Comparison of the HOOSgjgpal, HOOS,JR, and other hip PRO instruments

Results:

The responsiveness and the presence of floor and ceiling effects with the HOOSgjopq in
comparison to the HOOS, JR and other PRO tools were then evaluated using the previously
described methods.19 The responsiveness of the HOOSgohal Was also assessed by
determining if the HOOSgopa Was able to detect expected differences between patients’ pre-
and postoperative scores. Responsiveness has been defined as a PRO tool’s ability to detect
meaningful or clinically important changes.1! Responsiveness was assessed using three
commonly used methods: effect size (ES), standardized response mean (SRM), and relative
efficiency (RE).10.12. 23 ES js the mean pre- to postoperative change divided by the standard
deviation of the preoperative scores, and ES > 0.8 are considered large.> 19 SRM is the pre-
to postoperative change divided by the standard deviation of the change scores for that
particular PRO tool,11 12 and SRM is interpreted similarly to ES, with values > 0.8
considered large. The RE represents a ratio of the pre- to postoperative t-statistics of the
HOOSgopal and each of the other PRO tools [RE = (tkoosglobal/tother PrOs)]- 11 12 RE
values > 1 are indicative of the HOOSgon,) being more responsive than the other PRO tools.
The presence of a floor or ceiling effect was defined using the threshold of 15% of patients
reporting either the worst possible or best possible scores, respectively.13 A ceiling effect is
present when more than 15% of the sampled patients report the best possible score, and
conversely, a floor effect is present when more than 15% of the sampled patients
demonstrate the worst possible score. Neither floor and ceiling effects are ideal as both are
indicative of a scoring system that can either not discriminate between an extremely poor
result and a poor result (floor effect) or between an excellent and good result (ceiling effect).
We have previously observed marked postoperative ceiling effects with OA and/or THA-
based PRO tools in this patient population, and one-tailed chi-square tests were used to
determine if the prevalence of maximum possible HOOSgqp, postoperative scores differed
from the other PRO tools included in this study (HOOS, JR, HOOS-PS, WOMAC, UCLA,
and mHHS).

Based on the item selection methods and Rasch anslysis results, two additional items were
identified from the full version of the HOOS that met the criteria for inclusion in the
HOOSgopal: question P1: “How often is your hip painful?”, and question Q1: “How often
are you aware of your hip?” The raw HOOSgqpq Score was then determined by summing
the responses to the original six HOOS, JR items and questions P1 and Q1. The scaled
HOOSgonal SCOre Was determined using the logit conversion table and detailed results of the
Rasch analyses, HOOSgona questionnaire, and scoring instructions can be found in the
Supplemental Files available on the journal’s website.

At mean follow-up of 4.0 + 1.5 years, HOOSgona and all other PROs significantly improved
from the preoperative visit (Tables 1, 2). While all PRO tools including the HOOSg)qpq
exceeded the 15% threshold for ceiling effects (HOOSgopha had a 16% prevalence of
maximum scores), the HOOSgohg had significantly fewer maximum postoperative scores
than the HOOS, JR (p < 0.0001), HOOS-PS (p < 0.0001), WOMAC (p = 0.02), UCLA (p =
0.0002), and mHHS scores (p = 0.04, Table 1). A subset of 184 patients completed the
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postoperative satisfaction question, with 173 (94%) reported being satisfied with their
procedure and 11 were not satisfied (6%). The PASS threshold score for HOOSgqpa Was
62.5 (ROC curve Area Under Curve (AUC) = 0.81 [95% CI: 0.66, 0.96], p = 0.001), with
sensitivity = 0.86 and specificity = 0.73 (Figure 1).

Discussion:

The purpose of this study was to develop a PRO platform by augmenting the HOOS, JR with
additional questions from the full version of the HOOS, and to compare the validity and
responsiveness of this tool to other PRO tools in a hip preservation patient population. The
results by and large supported our hypothesis that the HOOSgqha Would demonstrate
superior psychometric properties when compared to the HOOS, JR and other PRO tools that
were originally developed for the OA and/or THA communities. By adding two additional
items related to how often the patient has pain in the involved hip and how often the patient
is aware of the hip significantly lessened the prevalence of patients with perfect
postoperative scores. The HOOS, JR provides surgeons with a valid and efficient method to
quantify postoperative outcomes following hip arthroplasty®; however, the HOOS, JR does
not appear to be appropriate for use with hip preservation patient populations who have
undergone periacetabular osteotomy surgery as a large ceilings effect was noted. This
finding was not unique to the HOOS, JR as large ceiling effects were also present for the
HOOS-PS, WOMAC, UCLA, mHHS and the five HOOS subscales after PAO. Not only did
the HOOSgqpal alleviate some of the psychometric limitations of other OA-based PRO
instruments, interpretation of HOOSgqpa) results can be put in clinical context with
postoperative scores > 62.5 were associated with patients achieving an acceptable symptom
state.

These tools were initially created and validated largely in hip OA and THA patients?: 3. 7. 22
and have proven to be effective measurement options for their target patient populations. Our
results are similar to other previous reports that have also questioned the use of OA-related
PRO instruments in populations of hip preservation patients. In a systematic review, Lodhia
et al. reported notable ceiling effects with the WOMAC when used with femoroacetabular
impingement and labral pathology.1 Similarly, Aprato et al. reported that 14% of patients
with good to excellent modified Harris Hip Scores one year after hip arthroscopy were
dissatisfied with their outcome,2 which could have been the result of a ceiling effect in this
younger, more active patient population.

The goal of this work was not to supplant the HOOS, JR but rather to build upon it to reduce
barriers to routine PRO collection in the clinical setting. The principal advantage of using
the HOOSgjonal as @ PRO platform is the versatility to be used across a variety of hip patient
populations, thus reducing some of the burden to the orthopedic practice associated with
routine PRO collection. The eight HOOSgoha) questions can be scored differently for
different patient subsets. All eight questions can be used to generate a HOOSg)qpg for hip
preservation patients while the original six HOOS, JR questions can be scored for late stage
OA and/or THA patients. Unlike the current available methods of using multiple PRO tools
for hip preservation and arthroplasty subsets of patients, front office staff would not need to
differentiate which hip PRO questionnaire to give an individual patient. For example, the
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front office staff for a clinician that normally sees both preservation and OA patients during
the course of a clinic day would not have to determine which PROM tool to give each
patient, but rather, could use the HOOSgqpq for adult hip patients. Similarly, being able to
use the HOOSgqpas could alleviate the complexities of collecting hip-related PROs in multi-
subspecialty practices. Perhaps most importantly, the eight questions of the HOOSgop, take
less than five minutes to complete, thereby minimizing the burden to the patient as well as
reducing the likelihood that PRO collection will dramatically alter patient flow during the
course of an average clinic day.

While the HOOSg0a1 May offer a single platform to reduce barriers to routine clinical PRO
collection, we are not suggesting that this tool is a “silver bullet.” The HOOSgqpg
significantly reduced the prevalence of perfect postoperative scores when compared to
OA/THA PRO tools, the 16% prevalence of perfect scores was above the 15% ceiling effect
threshold. As such, future studies are necessary to determine if the HOOSgqpq is an
acceptable alternative to hip preservation-specific instruments, especially in athletic hip
arthroscopy patients. Recommended PRO tools are available through the AAOS website;
however, while the HOOS and HOQS, JR have been recommended for use with hip OA
patients, 26 the AAOS has not given guidance as to what tool(s) are best suited for the
assessment of patients prior to and following hip preservation procedures. Multiple tools
exist, including the International Hip Outcome Tool (iHOT),18 the Hip Outcome Score
(HOS),20 Nonarthritic Hip Score (NAHS),# the Hip Sports Activity Scale (HSAS),2! and the
Copenhagen Hip and Groin Outcome Score (HAGOS),2” Core Outcome Measures Index —
Hip (COMI-Hip),® among others. While these have been utilized in the hip preservation
literature, there is limited head-to-head comparative information related to the clinimetric
and psychometric properties of these instruments. Also, it remains unclear if these hip
preservation-specific tools could be utilized as patients transition from hip preservation to
OA to arthroplasty, as they have not been validated in the OA or arthroplasty populations.

This study was not without limitation. First, an a priori power analysis was not performed as
part of this study. Rather, we used liberal inclusion and exclusion criteria to ensure that the
development of the HOOSglobal could be generalized to the broad PAO patient population.
There is potential for a selection bias in that the study was performed with patients that
elected to participate in a research study; however, because of the liberal inclusion/exclusion
criteria there was little opportunity for selection bias on behalf of the researchers. Second,
hip preservation-specific PRO instruments were not included as part of this multicenter
prospective cohort. As such, we were unable to directly compare the responsiveness between
OA- and hip preservation-specific PRO instruments. At the time that the multicenter registry
was initiated, the psychometric properties of hip preservation-specific PRO tools had not yet
been fully vetted, and since one of the primary goals of the registry is to evaluate long-term
outcomes and the progression to OA, OA-based PRO tools were utilized. Third, the
HOOSgonal Was used in a PAO population in the current study and the HOOS, JR has been
validated in the THA population. While these two patient populations represent the
“anchors” on the continuum of post-traumatic osteoarthritis, the validity of the HOOSgjopq
platform has not been evaluated in either those with mild to moderate hip osteoarthritis or
potentially younger and more active hip arthroscopy and/or FAI patient populations. Future
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studies are necessary to assess the test-retest reliability of the HOOSgon, and to determine
if the current results are generalizable to additional patient groups.

In conclusion, the HOOS, JR and other OA-based PRO instruments demonstrated large
ceiling effects in a hip preservation population following PAO. While we can conclude that
OA-based PRO tools may not be the most appropriate method to quantify outcomes after hip
preservation procedures due to the large ceiling effects that were observed, by including two
additional HOOS questions, the HOOSg)qp Offers a valid and responsive PRO tool
following PAO and may potentially provide the orthopedic community a PRO platform to be
used across hip-related subspecialties. Finally, postoperative HOOSg)qpa SCOres = 62.5 were
associated with patients achieving an acceptable symptom state.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What isknown about the subject:

The HOOS, JR offers an efficient method to evaluate postoperative outcomes following
THA,; however, the ability to utilize this PROM tool in younger, more active hip
preservation patient population has not been determined.

What this study addsto the existing knowledge:

The HOOS, JR is not a valid or responsive tool to assess patient-reported outcomes
following peri-acetabular osteotomy; however, an aggregate score combining HOOS, JR
with the 2 additional HOOS questions, was valid and responsive in this patient
population.
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HOOSglobal HIP SURVEY

INSTRUCTIONS: This survey asks for your view about your hip. This
information will help us keep track of how you feel about your hip and how well you
are able to do your usual activities.

Answer every question by ticking the appropriate box, only one box for each
question. If you are uncertain about how to answer a question, please give the best
answer you can.

Pain
1. How often is your hip painful?
Never Monthly Weekly Daily Always
O [m] O O O
What amount of hip pain have you experienced the last week during the following
activities?
2. Going up or down stairs
None Mild Moderate Severe Extreme
m} m} m} O [m}
3. Walking on an uneven surface
None Mild Moderate Severe Extreme
[m] O O O [m]

Function, daily living

The following questions concern your physical function. By this we mean your ability to move
around and to look after yourself. For each of the following activities please indicate the
degree of difficulty you have experienced in the last week due to your hip.

4. Rising from sitting

None Mild Moderate Severe Extreme
O O [m] [m] [m]
5. Bending to the floor/pick up an object
None Mild Moderate Severe Extreme
[m] [m] [m] [m] [m]
6. Lying in bed (turning over, maintaining hip position)
None Mild Moderate Severe Extreme
[m] O O O O
7. Sitting
None Mild Moderate Severe Extreme
O O O O O

Quality of Life

8. How often are you aware of your hip problem?
Never Monthly Weekly Daily Constantly

[m] [m] O [m] [m]

Thank you very much for completing all the questions
in this questionnaire.

Figure 1.
HOOSglobal hip survey.
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HOOSglobal SCORING INSTRUCTIONS

The HOOSglobal was developed from the original versions of the Hip dysfunction and Osteoarthritis
Outcome Score (HOOS) and HOOS, JR surveys and contains 8 items from the original surveys. Items are
coded from 0 to 4, none to extreme respectively.

HOOSglobal is scored by summing the raw response (range 0-32) and then converting it to an interval score
using the table provided below. The interval score ranges from 0 to 100 where 0 represents complete hip
disability and 100 represents perfect hip health.

Table for converting raw summed scores to interval scores from 0 (complete hip disability) to 100 (perfect hip health)

Raw summed Interval score Raw summed Interval score
score (0-32) (0 to 100 scale) score (0-32) (0 to 100 scale)
0 100.000 17 49.009
1 90.943 18 47.161
2 83.620 19 45.269
3 78.468 20 43.321
4 74.799 21 41.297
5 71.946 22 39.171
6 69.530 23 36.907
7 67.360 24 34.449
8 65.341 25 31.745
9 63.419 26 28.772
10 61.561 27 25.569
11 59.745 28 22172
12 57.954 29 18.488
13 56.177 30 14.189
14 54.401 31 8.280
15 52.619 32 0.000
16 50.825

Figure 2.
HOOSglobal scoring instructions.
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Figure 3.

Receiver Operator Characteristic (ROC) curve used to determine the postoperative
HOOSgobal SCOre threshold associated with postoperative patient satisfaction
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