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Background and purpose — To determine whether the
Hip disability and Osteoarthritis Outcome Score-Physical
function Short-form (HOOS-PS) is able to appropriately
evaluate physical function in revision hip arthroplasty
patients, this study assesses psychometric properties of the
Dutch HOOS-PS in this patient population.

Patients and methods — We assessed psychometric
properties of the HOOS-PS following the Consensus-based
Standards for the selection of health Measurement Instruments
(COSMIN) criteria. Content validity, including comprehensi-
bility, comprehensiveness, and relevance of the items, was
assessed using cognitive debriefing interviews in hip revision
patients (n = 8) and orthopedic surgeons specialized in revi-
sion surgery (n = 7). Construct validity, responsiveness, and
interpretability (floor/ceiling effects) were assessed in revi-
sion hip arthroplasty patients (baseline n = 136, follow-up n
= 67). We formulated hypotheses a priori to assess construct
validity and responsiveness using the EuroQol 5-Dimensions
Health Questionnaire, Numeric Rating scale for pain, and
Oxford Hip Score as comparators. All questionnaires were
measured at baseline and 1 year postoperatively.

Results — We found insufficient content validity of
the HOOS-PS, as relevance and comprehensibility of the
items scored < 85% on the COSMIN criteria for revision
hip arthroplasty patients. Construct validity was sufficient as
all hypotheses were confirmed (= 75% COSMIN criteria).
Interpretability was sufficient (< 15% COSMIN criteria) and
responsiveness was insufficient (< 75% COSMIN criteria).

Interpretation — The Dutch HOOS-PS is not able to
sufficiently evaluate physical function in revision hip arthro-
plasty patients. Minor changes in the items are needed for
the HOOS-PS to become sufficiently content valid, because
the HOOS-PS lacks relevant items and comprehensiveness.

The number of revision total hip arthroplasties (revision
THAS) is expected to rise over the years, due to an increase
in life expectancy, prevalence of obesity, and extended indica-
tions for THAs in younger patients (1-3). With this increase in
number of revision THAS, an increase in indications and revi-
sion strategies is also anticipated. Therefore, there is a need to
appropriately evaluate and compare the outcome of different
types of revision THAs.

In the assessment of medical treatment outcomes, patient-
reported outcome measures (PROMs) can be used (4). The
Hip disability and Osteoarthritis Outcome Score-Physical
function Short-form (HOOS-PS) is a commonly used PROM,
and measures physical functioning with fewer items than the
full-length questionnaire (5), thereby reducing the burden of
the responder and administrative load (5,6). The HOOS-PS has
been validated to evaluate primary hip arthroplasty patients
(5,6). However, the HOOS-PS has not yet been validated in
revision arthroplasty patients.

To determine whether the Dutch HOOS-PS is able to appro-
priately evaluate physical function in revision arthroplasty
patients, we aimed to assess the psychometric properties (con-
tent validity, construct validity, interpretability, and respon-
siveness) of the Dutch HOOS-PS in a revision hip arthroplasty
population.

Patients and methods

Participants

221 patients aged 18 years or older and who were receiving a
revision THA were consecutively recruited from the depart-

ment of orthopedics of Catharina Hospital (Eindhoven, The
Netherlands) between March 2015 and June 2019. Patients
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were not included if they had insufficient understanding of the
Dutch language. An additional study population, consisting of
7 patients and 8 orthopedic surgeons, was recruited between
January and April 2020 to participate in cognitive debriefing
interviews. Directly after the indication was made for revision
arthroplasty, patients were asked to participate in cognitive
debriefing interviews at the outpatient department. The same
inclusion and exclusion criteria were applied. Orthopedic sur-
geons were considered eligible when specialized in revision
arthroplasty surgery. Recruitment of orthopedic surgeons took
place through purposive sampling in 3 independent high-vol-
ume revision arthroplasty centers in the Netherlands: Catha-
rina Hospital (Eindhoven), Maxima MC (Eindhoven/Veld-
hoven), and Sint Maartenskliniek (Nijmegen).

Data collection

Preoperatively (TO), patients were asked to complete the Dutch
versions of the HOOS-PS, Oxford Hip Score (OHS), Numeric
Rating Scale for pain (NRS-pain), and EuroQol 5-Dimensions
Health Questionnaire (EQ-5D-3L). Data retrieved at TO was
used to assess the construct validity and interpretability of the
HOOS-PS. 1 year after revision surgery (T1), patients were
asked to complete the PROMs again, as well as the anchor
question, “To what extent has your general daily functioning
changed since the surgery?”. The anchor question consisted
of 7 response options, ranging from “very much deteriorated”
to “very much improved.” Data retrieved at T1 was used to
assess the responsiveness of the HOOS-PS.

Furthermore, one-on-one cognitive debriefing interviews
were conducted preoperatively to assess the content validity
of the HOOS-PS. These interviews with 7 patients were con-
sistently conducted, recorded, transcribed, and analyzed by 1
of the authors.

PROMS

HOOS-PS

This study investigates the psychometric properties of the
Dutch HOOS-PS in a revision population. The HOOS-PS is
a 5-item measure of physical function, intended to disclose
difficulties in the patient’s activities in the last week due to hip
problems (Figure 1, see Supplementary data) (5). The ques-
tionnaire comprises selected items of daily living and func-
tion, sports, and recreational activity subscales of the original
full version of the HOOS (7). The scoring system comprises
a 5-point Likert scale on degree of difficulty, ranging from
none to extreme difficulty with. The sum of the ordinal scores
is converted to a Rasch-based 0—100 interval score, in which
a higher score represents a lower degree of difficulty (5). The
HOOS-PS was previously translated into Dutch via the for-
ward-backward method (8).

Oxford Hip Score (OHS)
The OHS measures pain intensity and functional limitations
during various activities of the hip joint (9). The OHS con-

sists of 12 items, which are subdivided into disease-specific
and generic questions. Each item contains 5 answer options,
ranging from 4 “no problems” to 0 “severe problems/unable to
execute.” The maximum total score is 48, which corresponds
to the lowest pain intensity and the least functional hip limi-
tation in the last 4 weeks. The questionnaire is validated for
patients receiving primary and revision THA (10,11).

Numeric Rating Scale for pain (NRS-pain)

The NRS-pain scale assesses pain intensity during rest and
movement (12). Patients are asked to score the level of pain
they experience on a scale of 0 to 10, with O representing no
pain and 10 representing the worst pain imaginable during
movement. The NRS-pain is a valid questionnaire in adult
patients with musculoskeletal-related problems (12).

EuroQol 5-Dimensions Health Questionnaire (EQ-5D-3L)
The EQ-5D-3L is a 5-dimensional questionnaire measuring
the general health of the patient, including mobility, self-
care, daily activities, pain/discomfort, and anxiety/depression
(13). 3 answer options can be given to each dimension, which
are: “no problems,” “minor problems,” or “severe problems/
unable to execute.” The index score ranges from O (repre-
senting death) to 1.0 (representing full health), with negative
values representing states worse than death (13,14).

Statistics

Psychometric properties

The psychometric properties of the HOOS-PS were evaluated
according to the COnsensus-based Standards for the selec-
tion of health Measurement INstruments (COSMIN) criteria
(15,16). Psychometric properties were evaluated in terms of
content and construct validity, responsiveness, and interpret-
ability.

Content validity

Content validity is the degree to which the content of the
instrument is an adequate reflection of the construct to be mea-
sured (16,17). Content validity of the HOOS-PS was assessed
by the cognitive debriefing interviews with 7 experts in revi-
sion arthroplasties and 8 patients receiving a revision THA,
evaluating the comprehensibility, comprehensiveness, and
relevance of the items. An item was defined as relevant if at
least 85% of the interviewees scored it to be relevant for con-
struct and target population. Subsequently, the HOOS-PS was
defined as valid if a minimum of 85% of the items were scored
to be relevant, 85% of the patients found the HOOS-PS com-
prehensive and comprehensible, and 85% of the experts found
the HOOS-PS comprehensive (18).

Construct validity

Construct validity is the degree to which the scores of the
instrument are consistent with hypotheses, regarding relation-
ships to scores of comparative instruments and to differences
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between groups, based on the assumption that the instrument
validly measures the construct to be measured (4,16). There
is no gold standard to assess the functional status of the joint
after revision THA. Therefore, the construct validity was mea-
sured by the degree to which the scores of the HOOS-PS were
equivalent to scores of other PROMs that aim to evaluate a
similar construct and are already used or validated in assessing
hip function. Construct validity was assessed using predefined
hypotheses on the expected relationship between the HOOS-
PS and comparative PROMs (OHS, NRS-pain, EQ-5D-3L).
These hypotheses were formulated based on literature studies
and expert opinions (19,20) and are shown in Table 3. Con-
struct validity was evaluated by calculating Pearson’s correla-
tion coefficients between scores at baseline of the HOOS-PS,
OHS, NRS-pain, and EQ-5D-3L, and patients’ age, BMI, and
Charnley classification. In the case of non-normally distrib-
uted data at baseline, a Spearman’s correlation coefficient was
calculated. All correlation coefficients were classified into 3
categories: high correlation (r = 0.5), moderate correlation (r
=0.3-0.5), and low correlation (r < 0.3), as recommended in
the COSMIN criteria (4). These correlations were then com-
pared with the predefined hypotheses. The construct validity
of the HOOS-PS was considered sufficient if at least 75% of
the predefined hypotheses met the results (4).

Responsiveness

Responsiveness is the ability of an instrument to detect change
over time in the construct to be measured (16). We evaluated
the responsiveness of the HOOS-PS by comparing the change
in scores between TO and T1 with the changes in its compara-
tive PROMs. In addition, we compared the change in scores
in patients whose answer to the anchor question was that they
had improved, stable, or deteriorated postoperative joint func-
tion compared with baseline. There were 7 answer options to
the anchor questions, namely “very much improved/deterio-
rated,” “much improved/deteriorated,” “little improved/dete-
riorated,” and “no difference.” The stable joint function group
consisted of patients whose answer to the anchor question was
that there was no difference or little improvement/deteriora-
tion. The improved and deteriorated joint function groups rep-
resented patients who answered much or very much improved
or deteriorated, respectively.

We calculated the effect size (ES) as follows: ([mean T1-
mean TO]/SD of TO). Furthermore, the standardized response
mean (SRM) was calculated as follows: ([mean Tl-mean
TO]/SD of change). Hypotheses on the expected correlations
between the PROMSs, and on the ES and SRM were formu-
lated a priori based on literature studies and expert opinion
(19,20) (Table 5). Pearson’s correlation coefficients were cal-
culated and were classified into 3 categories: high correlation
(r = 0.5), moderate correlation (r = 0.3-0.5), and low correla-
tion (r < 0.3), as recommended in the COSMIN criteria (4).
We considered an ES > 0.2 a small effect, ES = 0.5 a medium
effect, and ES = 0.8 a large effect (4). Responsiveness was

considered sufficient if a minimum of 75% of the predefined
hypotheses were in line with the results (4).

Interpretability

Interpretability is the degree to which qualitative meaning can
be assigned to a score (16). We assessed the interpretability
by examining the distribution of the HOOS-PS TO scores,
including preoperative and postoperative mean, SD, and floor
and ceiling effects. Floor and ceiling effects were considered
present if = 15% of the patients scored 0—5 or 95-100, respec-
tively. The interpretability of the HOOS-PS was considered
sufficient if floor and ceiling effects were absent (21).

Analysis

Interviews for content validity were transcribed and labelled
using ATLAS .ti (ATLAS ti Scientific Software Development
GmbH, Berlin, Germany). Data was analyzed using IBM
SPSS statistics 25 (IBM Corp, Armonk, NY, USA). No data
imputation was applied, and cases with missing data were
excluded on analysis-by-analysis basis.

Ethics, data sharing, funding, and potential conflicts
of interest

This validation study was approved by the local ethical com-
mittee (W19.023/ nWMO-2019.115) and written informed
consent was obtained from all participants. Data sharing is
available upon reasonable request. The authors did not receive
any outside funding or grants in support of their research for
or preparation of this work. None of the authors has any con-
flict of interest or disclosures to report in relation to this work.

Results

221 patients fulfilled the inclusion criteria. However, 85
(38%) patients were excluded on analysis-by-analysis basis
due to incomplete data on the questionnaires at TO. 136 (62%)
patients completed all TO PROMs, representing the baseline
cohort. Due to missing responses and incomplete data on the
questionnaires at T1, 69 (51%) patients were lost to follow-
up. Consequently, 67 (49% of the baseline cohort) patients
completed the T1 PROMs and answered the anchor question,
representing the follow-up cohort (Figure 2). The baseline
and follow-up cohort show no major systematic difference in
baseline characteristics (Table 1).

Content validity (Table 2)

The interviewees defined 2 out of 5 items to be relevant for
construct and target population. Patients reported having diffi-
culty completing the HOOS-PS due to lack of relevance of the
items “running” and “twisting/pivoting on loaded leg.” The
HOOS-PS was comprehensible to all patients. However, the
interviewees reported having difficulty scoring the item “get-
ting in/out of bath/shower” as 1 action. None of the interview-
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Patients consecutively recruited
between March 2015 and June 2019
who fullfilled inclusion criteria

Table 2. Content validity: relevance, comprehensiveness, and comprehensibility
of the HOOS-PS

- no revision surgery performed, 1

n =221
= Experts’ Patients’
xcluded
L Incomplete baseline PROMs relevance relevance  Total Relevant
n=85 ltems (n=7) (n=8) (n=15) (yes > 85%)
Baseline cohort 1. Descending stairs 6/7 8/8 14/15 Yes
pitbicoppleedivaselineliions 2. Getting in/out of bath or shower 5/7 7/8 12/15 No
n=1%6 3. Sitting 7/7 8/8 15/15 Yes
Lost to follow-up (n = 69): 4. Running 077 2/8 2/15 No
missing response, 39 5. Twisting/pivoting on a loaded leg ~ 4/7 6/8 10/15 No
|| -incomplete 1-year PROMSs, 24 Relevant items 2 (%) 2/5 (40)
- re-revision surgery needed, 3 Comprehensiveness ? (%) 0/7 0/8 0/15 (0)
~dead, 2 Comprehensibility € (%) 8/8 8/8 (100)

Follow-up cohort
with completed 1-year PROMs
and achor question
n =67

Figure 2. Number of patients included in analysis and rea-
sons for loss to follow-up. PROMs: patient-reported out-
come measures.

Table 1. Baseline characteristics of revision total hip arthroplasty
patients. Values are mean (SD) unless otherwise specified

Baseline cohort ~ Follow-up cohort

Factor n=136 n==67
Baseline characteristics
Female, n (%) 70 (52) 32 (48)
Age 74 (11)2 72(8.6)
BMI 26 (3.5) 26 (4.0)2
Baseline outcome measures
HOOS-PS 55 (21) 55 (20)
OHS 26(10) 26 (9.7)
NRS-pain 6.4 (2.8) 6.6 (2.6)
EQ-5D-3L 0.51 (0.30) 0.57 (0.29)

2 Median (IQR) is used.

HOOS-PS: Hip disability and Osteoarthritis Outcome Score-Physical
function Short-form; OHS: Oxford Hip Score; NRS-pain: Numeric
Rating Scale for pain; EQ-5D-3L: EuroQol 5-Dimensions Health
Questionnaire.

ees defined the HOOS-PS as comprehensive. Frequently men-
tioned missing items, by both patients and orthopedic revision
surgeons, were “walking,” “bending to the floor,” and “putting
on socks/stockings” in the assessment of hip function in the
revision THA population. Lastly, patients reported having dif-
ficulty interpreting the 5 response options of the HOOS-PS on
the degree of difficulty, ranging from none to extreme. Patients
reported struggling in the differentiation between “mild” and
“moderate” difficulty.

Construct validity (Table 3)

A 100% confirmation of the hypotheses was found for the
HOOS-PS, which is more than the 75% confirmation needed
for sufficient construct validity of the questionnaire.

a Proportion of experts and patients finding the items of the HOOS-PS relevant.
b Proportion of experts and patients finding the HOOS-PS comprehensive.
¢ Proportion of patients finding the HOOS-PS comprehensible.

Table 3. Construct validity: hypotheses and confirmation

Pearson’s Hypothesis

Hypotheses correlation (Cl) confirmed

The correlation between HOOS-PS and

OHS is = 0.50 (high) 0.81 (0.71 to 0.91) Yes
NRS-pain is < —0.50 (high) —0.71 (-0.83t0 —0.59) Yes
EQ-5D-3L is = 0.50 (high) 0.58 (0.44 t0 0.72) Yes
Charnley score is < 0.30 (low) 0.01 (-0.17t0 0.20)  Yes
patient’s age is < 0.30 (low) -0.04 (-0.20t0 0.13)2 Yes
patient’s BMI is < 0.30 (low) —0.02 (-0.19t0 0.16)  Yes
OHS is = 0.10 higher than that

between HOOS-PS and EQ-5D-3L Yes
NRS-pain is = 0.10 higher than that

between HOOS-PS and EQ-5D-3L Yes

Hypotheses confirmed (%) 8/8 (100)

a Spearman’s correlation is used.
Cl: 95% confidence interval
For abbreviations, see Table 1.

Responsiveness (Table 4, see Supplementary data)
Of the 67 follow-up hip patients, 40 patients reported in
response to the anchor question that they experienced an
improvement in hip function compared with baseline, 18
patients reported no change in hip function, and 9 patients
reported deteriorated postoperative hip function. A total of
53% of the hypotheses were confirmed, which is less than
the 75% that was needed for sufficient responsiveness of the
HOOS-PS. Notably, patients who reported deteriorated post-
operative hip function in fact showed improvement in the
HOOS-PS scores at T1. However, the deteriorated group did
show less improvement (from TO to T1) in HOOS-PS scores
compared with the stable function group, which, in turn,
improved less than the improved function group.



Acta Orthopaedica 2022; 93: 742—-749

746

Table 5. Floor and ceiling effects of HOOS-PS baseline scores.
Values are count (%)

HOOS-PS baseline score (n = 136) n (%)

0-5 points 1(0.7)
95-100 points 6 (4.4)
Total 7 (5.1)

Interpretability (Table 5)

At baseline, 0.7% of the hip patients scored < 5 points, and
4.4% scored = 95 points on the HOOS-PS. These percentages
are below the threshold of 15% for floor and ceiling effects.

Discussion

This is the first study to evaluate psychometric properties of
the HOOS-PS in revision hip arthroplasty patients. Insuffi-
cient content validity and responsiveness, and sufficient con-
struct validity and interpretability were found.

The content validity of the HOOS-PS was found to be insuf-
ficient. A 40% relevance for the construct and target audience
was found for the items of the HOOS-PS, which is less than
the 85% relevance that is needed for sufficient content valid-
ity of the questionnaire. Additionally, patients reported having
difficulty completing the HOOS-PS, resulting in incomplete
data at TO and T1 and loss to follow-up. This implies that
the items did not fully represent the revision THA popula-
tion. Both experts and patients defined the item “running” as
least relevant for the target audience. In the development of
the HOOS-PS, Davis et al. interpreted running to be the most
difficult of the selected activities (5). Where primary arthro-
plasty offers an opportunity to fully regain functional ability,
it is conceivable that running is no longer relevant for revision
THA patients, in particular when considering the relatively
older patient population and poorer health condition of revi-
sion THA patients (22).

None of the interviewees defined the HOOS-PS as compre-
hensive. Frequently mentioned missing items were “walking,”
“bending to the floor,” and “putting on socks/stockings.” Nota-
bly, these items were considered for inclusion in the early stage
of development of the original HOOS-PS, but were rejected
based on misfit criteria in primary THA patients (5). Both
experts and patients appeared to have difficulty interpreting
the item “getting in/out of bath/shower,” possibly because the
item covers 2 different movements. The experts and patients
explained that getting in or out of a bath was considered rel-
evant in assessing hip function, since this action involves hip
flexion, whereas getting in or out of a shower was not consid-
ered relevant. This resulted in an overall “not relevant” score
for this item. These activities may be reconsidered in order
to adequately evaluate physical function in the revision THA

population. Furthermore, patients appeared to have difficulty
interpreting the 5 response options of the HOOS-PS on the
degree of difficulty, ranging from none to extreme. Patients
reported struggling in the differentiation between “mild” and
“moderate” difficulty. Additionally, the interpretation of the
response options varied widely between patients, resulting
in potential response bias. These findings are in line with the
results of a recent meta-analysis described by Braaksma et al.
(23), suggesting the HOOS-PS inadequately reflects physical
functioning in patients receiving THA.

We have assessed construct validity by means of hypothe-
sis testing rather than criterion validity, as no gold standard is
available. This study showed sufficient construct validity for
the HOOS-PS, with confirmation of all hypotheses. As hypoth-
esized, correlation coefficients between the PROMs, measur-
ing joint function, were higher than influencing factors such as
Charnley score, age, and BMI. Additionally, OHS and NRS-
pain, which specifically measure function and pain, showed a
higher correlation coefficient with the HOOS-PS than the EQ-
5D-3L, which also measures anxiety and depression. Therefore,
correlations for similar constructs were higher than for dissimi-
lar constructs. Sufficient construct validity of the HOOS-PS
was previously also described in primary THA patients (6).

As interpretability is recognized as an important aspect
of measurement instrument by the COSMIN Delphi study,
though not a measurement property, interpretability of the
HOOS-PS was assessed in our study (17). We observed no
floor or ceiling effects in the HOOS-PS baseline scores, indi-
cating sufficient interpretability. These findings are in line
with the results described by Ornetti et al. in primary hip
arthroplasty patients (24).

Multiple methods of assessing responsiveness are described
in the updated COSMIN criteria (4,15). A PROM should not
only measure changes in the measured construct, but should
also measure the right amount of change. Therefore, a com-
bination of methods is recommended to adequately assess
responsiveness of a PROM (4). In our study, the following 2
methods were used to assess the responsiveness of the HOOS-
PS. The ability to detect change in physical function of the
HOOS-PS was compared with other comparative PROMs’
ability to detect change in physical function. This method is
called “hypotheses regarding relationships to scores of com-
parative instruments” (15). Additionally, we assessed whether
the HOOS-PS was able to distinguish between different patient
responses to the anchor question. In the COSMIN criteria, this
method is called “hypotheses regarding relationships to differ-
ences between groups” (15). Consequently, 53% of all hypoth-
eses were confirmed, indicating insufficient responsiveness of
the HOOS-PS. However, when looking only at the responsive-
ness evaluated by comparing the change in HOOS-PS scores
with the comparative PROMs, sufficient responsiveness was
observed. Hereby, 80% of the hypotheses was confirmed,
indicating an ability to detect change in physical function
after revision THA of the HOOS-PS similar to its comparative
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PROMs. Similar correlation trends between change in HOOS-
PS, OHS, and NRS-pain scores were described by Tolk et al.
in primary THA patients (25).

The HOOS-PS tends to be less able to distinguish between
different patient responses on the anchor question. Only 40%
of the hypotheses formulated for the different response groups
were confirmed. Although we have combined 2 methods to
assess responsiveness and an adequate number of patients
were evaluated according to the COSMIN criteria, it should
be noted that the number of patients in each function group
(deteriorated, stable, or improved function) were not equal.
Moreover, the deteriorated group showed less improvement
in HOOS-PS scores compared with the stable function group,
which, in turn, improved less than the improved function
group. These results suggest that the HOOS-PS is less able
to detect the magnitude of change in postoperative joint func-
tion compared with baseline as experienced by the patients.
Another explanation might be that patients have trouble
remembering their preoperative physical function after 1 year.
Consequently, patients are less able to compare preoperative
with postoperative physical function. Additionally, expec-
tations regarding postoperative functional status may have
interfered with the interpretation and memory of their post-
operative recovery. An opportunity for future research may
lie in investigating the effect of patients’ expectations on the
experienced postoperative functional outcomes. However, in
particular our results regarding the deteriorated group (Table 4
in Supplementary data, pre-set hypothesis numbers 9 and 10)
should be interpreted with some caution.

The strength of this study is the inclusion of a large sample
size of revision hip arthroplasty patients, making the results
applicable in practice. The sample size was based on the
COSMIN criteria, aiming for a “very good” score for the
content validity (= 7 interviewees), construct validity (=
100 patients), and responsiveness and interpretability (= 50
patients) analysis (15). Additionally, the psychometric prop-
erties were assessed and interpreted using the renowned and
updated COSMIN criteria, which makes this study highly
reproducible for validation of questionnaires in other lan-
guages (4,15,17).

This study has several limitations. First, the OHS,NRS-pain,
and EQ-5D-3L are validated questionnaires in various patient
populations. However, there is limited evidence of validation
of these PROMs in the revision arthroplasty population. This
results in difficulty in evaluating and interpreting outcomes
within the revision arthroplasty population. Second, the for-
mulation of hypotheses is an arbitrary procedure, and the per-
centage of confirmed hypotheses depends on the number of
hypotheses. In this study, a consensus on the formulation and
number of hypotheses was reached among a panel of experts
(researchers and orthopedic revision surgeons). Two of the
interviewed experts for content validity also participated in
this panel. However, hypotheses were for construct validity
and responsiveness. Overall results and information on con-

tent validity were not available for the panel of experts. None-
theless, pre-set opinion and possible bias cannot completely
be eliminated. Third, all hypotheses were considered equal
in the confirmation of the construct validity and responsive-
ness, while some hypotheses with stronger correlations may
have had more weight than others. Lastly, since the HOOS-
PS cannot contain missing values to calculate the interval
score, cases with missing data were excluded on analysis-
by-analysis basis (5). This resulted in exclusion of 85 revi-
sion THA patients, causing potential confounding in our data.
Additionally, 96 of the included patients were lost to follow-
up for the responsiveness analysis due to incomplete data and
missing responses postoperatively. However, according to the
COSMIN criteria, a “very good” sample size was still reached
to assess the psychometric properties of a PROM (15). Addi-
tionally, patients in the baseline group did not show major
systematic difference in baseline characteristics as compared
with the follow-up group (Table 1).

In conclusion, considering the inconsistent results on the
different psychometric properties, it is questionable whether
the current version of the Dutch HOOS-PS should be used to
evaluate physical function in a revision THA population. How-
ever, with minor adjustments the HOOS-PS has the potential
to become a valid instrument to assess physical function in the
revision THA population. We suggest deletion or adjustment
of the item “running,” as this study showed low relevance for
this activity. Potential alternatives are “walking” and “bending
to the floor.” Further research into the psychometric properties
of the adjusted HOOS-PS is needed to develop a valid PROM
to assess physical function in the revision THA population.
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Supplementary data
INSTRUCTIONS: This survey asks for your view about your hip. This information
will help us keep track of how well you are able to perform different activities.
Answer every question by ticking the appropriate box, only one box for each
question. If you are unsure about how to answer a question, please give the best
answer you can so that you answer all the questions.
The following questions concern your level of function in performing usual daily
activities and higher level activities. For each of the following activities, please
indicate the degree of difficulty you have experienced in the last week due to
your hip problem.
1. Descending stairs
None Mild Moderate Severe Extreme
a a a a a
2. Getting in/out of bath or shower
None Mild Moderate Severe Extreme
a a a a a
3. Sitting
None Mild Moderate Severe Extreme
a a a a a
4. Running
None Mild Moderate Severe Extreme
a a a a a
5. Twisting/pivoting on your loaded leg
None Mild Moderate Severe Extreme
a a a a a
Figure 1. The Hip disability and Osteoarthritis Outcome Score-Physical function
Short-form (5).
Table 4. Responsiveness: hypotheses and confirmation
ES/SRM/Pearson’s Hypothesis
Hypotheses correlation (Cl) confirmed
1. The ES in patients who reported improved hip function at T1 is expected to be = 0.80 1.40 Yes
2. The SRM in patients who reported improved hip function at T1 is expected to be = 0.80 1.36 Yes
3. The ES in patients who reported stable hip function at T1 is expected to be < 0.20 0.79 No
4. The SRM in patients who reported stable hip function at T1 is expected to be < 0.20 1.04 No
5. The ES in patients who reported deteriorated hip function at T1 is expected to be = 0.50 0.24 No
6. The SRM in patients who reported deteriorated hip function at T1 is expected to be = 0.50 0.22 No
7. The ES in patients who reported improved hip function at T1 is expected to be = 0.20 larger than
the ES in patients who reported stable hip function at T1 Yes
8. The SRM in patients who reported improved hip function at T1 is expected to be = 0.20 larger than
the SRM in patients who reported stable hip function at T1 Yes
9. The ES in patients who reported deteriorated hip function at T1 is expected to be = 0.20 larger than
the ES in patients who reported stable hip function at T1 No
10. The SRM in patients who reported deteriorated hip function at T1 is expected to be = 0.20 larger than
the SRM in patients who reported stable hip function at T1 No
11. The correlation between changes in TO and T1 scores of HOOS-PS and OHS is = 0.50 (high) 0.87 (0.79-1.05) Yes
12. The correlation between changes in TO and T1 scores of HOOS-PS and NRS-pain is <—0.50 (high) —0.74 (-0.96 to —0.62) Yes
13. The correlation between changes in TO and T1 scores of HOOS-PS and EQ-5D-3L is = 0.50 (high) 0.66 (0.45-0.80) Yes
14. The correlation between changes in TO and T1 scores between HOOS-PS and OHS is = 0.10 higher
than that between HOOS-PS and EQ-5D-3L Yes
15. The correlation between changes in TO and T1 scores between HOOS-PS and NRS-pain is = 0.10
higher than that between HOOS-PS and EQ-5D-3L No
Hypotheses confirmed (%) 8/15 (53)

ES: effect size; SRM: standardized response mean; Cl: 95% confidence interval; TO: baseline; T1: 1 year postoperatively.
For abbreviations, also see Table 1.



