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Purpose: The purpose of this study was to develop and validate a shorter version of the 33-item
International Hip Outcome Tool (iHOT-33) that could be easily used in routine clinical practice to
measure both health-related quality of life and changes after treatment in young, active patients with
hip disorders. Methods: A development dataset (104 patients) was explored with forward-selection
linear regression analysis to choose a reduced item set for the new scale. This was tested in a
validation dataset (1,833 patients) and responsiveness subset (80 patients) to measure agreement
between the shorter and longer versions and to test the sensitivity of the shorter instrument to change
after treatment. Results: Twelve items were chosen for a short version of the International Hip
Outcome Tool (iIHOT-12). The iHOT-12 showed excellent agreement with the long version iIHOT-
33). It captured 95.9% (95% confidence interval, 95.0% to 96.8%) of the variation of the iHOT-33
and showed equivalent sensitivity to change with a standardized effect size of 0.98 (95% confidence
interval, 0.67 to 1.28). Conclusions: A short version of the International Hip Outcome Tool
(iHOT-12) has been developed. It has very similar characteristics to the original rigorously validated
33-item questionnaire, losing very little information despite being only one-third the length. It is
valid, reliable, and responsive to change. We suggest that it be used for initial assessment and
postoperative follow-up in routine clinical practice.

he International Hip Outcome Tool (iHOT-33) impact of hip disease in young, active patients and to
is a 33-item patient-reported measure of health- measure the effect of treatment of this disease. Pa-
related quality of life.! It was designed to measure the tients were extensively involved in both item genera-
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tion and assessment of item importance. This patient
involvement and extensive international testing during
the development process led to a valid and reliable
instrument for use in this particular group of patients.

The iHOT-33 includes 33 questions or items, each
answered by marking a visual analog scale between 2
anchor statements. This can be done on a paper form
(with a 100-mm scale) or as part of a computer-based
system. The total score is calculated as a simple mean
of these responses ranging from 0 to 100, with 100
representing the best possible quality-of-life score.

The iHOT-33 is most likely to be used in the re-
search setting, for example, in randomized controlled
trials to compare treatment strategies in young, active
patients with hip pathologies such as femoroacetabu-
lar impingement? or articular cartilage degeneration.
In these studies the wide range of symptoms and
problems covered by the 33 items will provide a
sensitive measure of treatment-related change, and the
resources associated with such studies will facilitate
the use of this relatively large instrument. In routine
clinical practice, most clinicians look for an instru-
ment with similar characteristics of validity, reliabil-
ity, and responsiveness to the iHOT-33, but with a
smaller number of items to reduce patient burden and
administrative effort. For example, the universal
PROMs (Patient Reported Outcome Measures) pro-
gram? introduced by the National Health Service in
England made use of the 12-item Oxford Hip Score in
patients undergoing total hip arthroplasty. A similar
strategy was followed for the conversion of the Short
Form 36 to the shorter Short Form 12.4>

The purpose of this study was to develop and val-
idate a shorter version of the International Hip Out-
come Tool (iHOT) that could be easily used in routine
clinical practice to measure both health-related quality
of life and changes after treatment in young, active
patients with hip disorders.

METHODS
Development of Short Version of iHOT

The feasibility of a short version of the iHOT was
explored during a development study. During January
and February 2008, active, English-speaking adults,
aged 18 to 60 years, who presented as new patients to
a young adult hip clinic or who were undergoing
follow-up after hip-preserving treatment of hip prob-
lems were invited to take part. One hundred and four
such patients completed the iHOT-33.! Characteristics
of these patients are shown in Table 1. A principal

component analysis was used to assess the dimension-
ality of the iHOT-33 as a prelude to item subset
selection. Eigenvalues greater than 1 were retained,®
on the basis that any single factor should be dropped
unless it contains at least as much information as any
one of the original questionnaire items. Regression
analysis was then used to select a reduced number of
items from the 33-item set. A forward-selection pro-
cedure’ was used to select items that accounted for the
greatest part of the variation in the overall mean of the
33 items for each patient. The variance accounted for
by each item can be interpreted as a measure of how
much information is captured by that item and, in a
regression model, how much more information is pro-
vided by that item over that which has already been
cumulatively provided by previously included items.
The variance accounted for by individual regression
models was assessed by the coefficient of determina-
tion, the adjusted R* value from the regression output,
and expressed as a percentage where, for instance,
50% indicated that half the variance in the iHOT-33
was accounted for by the selected subset of items.
This gave a rating of the importance of the items for
each administration of the questionnaire. The specific
ordering of the importance of individual items was
viewed with some caution: As usual in such statistical
modeling, the process to reach the most parsimonious
linear regression model and the selection of which
terms to include in that model allowed several
choices. However, the results gave a strong indication
as to the composition of an optimal subset of items for
inclusion in a shortened form of the iHOT.

The final selection of items for inclusion in a short-
ened questionnaire was based on the regression anal-
ysis ranking of the relative contribution to variance of
each item, a pre hoc decision to span the 4 domains of
the iHOT (symptoms and functional limitations; sport
and recreational activities; job-related concerns; and
social, emotional, and lifestyle concerns), the item
frequency-importance product,! and a pragmatic in-
tent for there to be somewhere between 10 and 15
items on the shortened questionnaire.

Validation of Short Version of iHOT

The shortened iHOT was validated using a separate
large dataset of completed iHOT-33 questionnaires
from 1,833 patients, recorded between March 2008
and September 2010. The characteristics of these pa-
tients are shown in Table 1. The mean iHOT-33 score
for these patients was 44.3 (95% confidence interval
[CI], 43.1 to 45.5).
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TABLE 1. Patient Demographics
Mean
Mean Duration of Mean Tegner
Phase (No. of Patients) Age (yr) Gender Affected Hip Symptoms (yr) Diagnoses Activity Score
Development (n = 104) 36.5 56 Male 38 Left 4.2 Chondral defects, trauma, FAI, 6.1
48 Female 50 Right labral tears, early OA,
16 Bilateral instability, loose bodies,

Perthes disease, AVN,

SCFE, dysplasia
Validation (n = 1,833) 39.3 1,012 Male 841 Left 3.6 Chondral defects, trauma, FAI, 6.9

821 Female 903 Right labral tears, early OA,
89 Bilateral instability, loose bodies,

trochanteric pain, piriformis

pain, synovial

chondromatosis, os

acetabulae, ligamentum teres

tears, inflammatory arthritis,

PVNS, previous osteotomy,

bursitis, deformity
Validation: responsiveness 38.1 38 Male 36 Left 39 Perthes disease, AVN, SCFE, 5.6

subset (n = 80) 42 Female 41 Right dysplasia, FAI, labral tears,

3 Bilateral

early OA, trochanteric pain,
bursitis, inflammatory
arthritis (treated with
arthroscopy, surgical hip
dislocation, osteotomy,
periarticular surgery)

Abbreviations: AVN, avascular necrosis; FAI, femoroacetabular impingement; OA, osteoarthritis; PVNS, pigmented villonodular syno-

vitis; SCFE, slipped capital femoral epiphysis.

For a subsample of 80 patients, both preoperative
and 3-month postoperative iHOT scores were also
collected. These data were used to assess responsive-
ness of the shortened iHOT (i.e., the sensitivity to
change after treatment). Preoperative assessment of
these patients was performed on the day of surgery.
The median time between the preoperative and post-
operative assessments for these patients was 96 days
(interquartile range, 121 to 178 days).

The shortened iHOT was validated by scatterplot
against the iHOT-33 and by comparison of the ad-
justed R* value for the validation data with that re-
ported for the development data. A paired ¢ test was
used to compare change scores (postoperative score —
preoperative score) between the shortened iHOT and
the iHOT-33 in the subsample of 80 patients. Respon-
siveness of the shortened instrument was determined
using standardized effect sizes.® The 104 patients from
the development dataset were asked to undertake an
additional administration of the iHOT-33, a mean of
24 days after the first assessment (range, 14 to 90
days); these data were used to assess test-retest reli-
ability for the shortened instrument using an intraclass
correlation coefficient.

RESULTS
Development

Principal component analysis of the iHOT-33 for the
development data showed that there were at least 4
important components (with eigenvalues >1) that we
can loosely associate with the 4 domains of the iIHOT-33.
This analysis showed that there was some scope to
shorten the iHOT-33 while retaining the main properties
of the instrument. This was expected, because the
iHOT-33 has been deliberately developed with a degree
of innate redundancy to provide a measure that is both
responsive to change and stable across possibly highly
heterogeneous populations. Figure 1 shows the variance
accounted for in the regression analysis by the inclusion
of increasing numbers of items from the development
data, expressed as a percentage of the total variance
captured by the iHOT-33. Approximately 100% of the
variance was accounted for after 20 items were included
in the regression models, so the process was curtailed at
this point. The very rapid rise in proportion of variance
shows that a small number of items accounted for nearly
all the variability in the overall mean iHOT-33 scores.
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Ficure 1. Variance (information) accounted for, expressed as a
percentage, by the inclusion of increasing numbers of items in the
questionnaire.

Four items, in order of importance, accounted for
99% of the variability in the overall mean of the 33
items: (1) Overall, how much pain do you have in
your hip/groin? (2) How concerned are you about
picking up or carrying children because of your hip?
(3) How concerned are you about cutting/changing
directions during your sport or recreational activities?
and (4) How much trouble do you have pushing,
pulling, lifting, or carrying heavy objects at work?
Reassuringly, these 4 selected items represented 1
item from each of the 4 domains identified in the full
1iHOT-33 questionnaire.

To decide on the final selection of items, the regres-
sion analysis results, domain memberships, and fre-
quency-importance products were considered together
(Table 2). This resulted in the selection of a further 8
items to give a final selection of 12 items, detailed in
Table 3, that had good frequency-importance prod-
ucts, covered each of the 4 domains, and accounted for
greater than 99% of the variance of the iHOT-33. We
called this new, shortened instrument the iHOT-12
(Appendix).

Validation

Overall iHOT-33 and iHOT-12 scores were calcu-
lated as the mean visual analog scale score for the
individual items for each questionnaire for each pa-

tient. These are shown for the full validation dataset
for each patient in Fig 2. There is good agreement
between the 2 sets of scores, with regression analysis
showing that the iHOT-12 accounted for 95.9% (95%
CI, 95.0% to 96.8%) of the variation in the iHOT-33.
This is close to the result of analysis of the develop-
ment dataset with a value of greater than 99%.

For the subsample of patients in the validation da-
taset with both preoperative and postoperative scores
(n = 80), change scores (postoperative score — preop-
erative score) were determined for both the iHOT-33
and iHOT-12.3 Figure 3 shows that there was excel-
lent agreement between the iHOT-33 and iHOT-12 for
these patients, with a paired ¢ test indicating that there
was no significant difference (P = .241) in change
scores between the original questionnaire and the
shortened questionnaire. Standardized effect sizes
were 1.03 (95% CI, 0.70 to 1.36) and 0.98 (95% ClI,
0.67 to 1.28) for the iHOT-33 and iHOT-12, respec-
tively, indicating almost exact equivalence in respon-
siveness to clinical change for the 2 questionnaires.
Test-retest reliability for the iHOT-12 was good, with
an intraclass correlation coefficient of 0.89 (95% boot-
strapped CI, 0.83 to 0.93).

TABLE 2. (HOT-33 Item Domain Membership,
Cumulative Variance Accounted for During Model
Development Regression Analysis, and By Frequency-
Importance Products

iHOT-33 Questions

iHOT-33 domain

I: Symptoms and 1-16
functional limitations
II: Sports and recreational 17-22
activities
III: Job-related concerns 23-26
IV: Social, emotional, and 27-33
lifestyle

Variance (importance)
80%-99% (strong)
99%-99.9% (intermediate)

16,* 21,* 23,* and 32*
1, 3,% 6,% 8, 11, 14,* 15,
17,*% 18,* 24, 25, 26,
28,% 29,* 30, and 33%*
2,4,5,7,9, 10, 12, 13,

19, 20, 22, 27, and 31

>99.9% (weak)

Frequency-importance product
>60% 3% 17,% 18,* 19, 20,
21,*% 27, 29,* and 33*

50%-60% 1,2,5,6%7,8,9, 16,*
22, 30, and 31
35%-50% 4, 10, 11, 12, 13, 14,*

15, 23,* 24, 25, 26,
28,* and 32*

*Items selected for inclusion in iHOT-12.
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DISCUSSION

The iHOT was developed to provide an evaluation
tool for the management of nonarthritic hip problems
in young, active patients. Excellent instruments al-
ready exist for patients with hip fractures, those with
hip arthritis, or those undergoing hip arthroplasty.®
The iHOT-33 was designed using a rigorous method-
ology with a large number of active, young patients
being considered for, or receiving, hip-preserving sur-
gery, to capture their different problems, goals, and
expectations of treatment.!

The iHOT-33 is reliable; shows face, content, and
construct validity; and is highly responsive to clinical
change. However, it is a lengthy instrument compris-
ing 33 separate questions in 4 domains. This is un-
likely to be a problem in the context of clinical trials

TABLE 3. Correspondence Between Items From iHOT-

12 and iHOT-33

iHOT-12 Question iHOT-33

Overall, how much pain do you
have in your hip/groin?

How difficult is it for you to
get up and down off the
floor/ground?

How difficult is it for you to
walk long distances?

How much trouble do you have
with grinding, catching, or
clicking in your hip?

How much trouble do you have
pushing, pulling, lifting, or
carrying heavy objects at
work?

How concerned are you about
cutting/changing directions
during your sport or
recreational activities?

How much pain do you
experience in your hip after
activity?

How concerned are you about
picking up or carrying
children because of your hip?

How much trouble do you have
with sexual activity because
of your hip?

How much of the time are you
aware of the disability in
your hip?

How concerned are you about
your ability to maintain your
desired fitness level?

How much of a distraction is
your hip problem?

Question 1 Question 16

Question 2 Question 6

Question 3 Question 3

Question 4 Question 14

Question 5 Question 23

Question 6 Question 21

Question 7 Question 18

Question 8 Question 32
Question 9 Question 28
Question 10 Question 33
Question 11

Question 17

Question 12 Question 29

100 - R% = 95.9%
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Ficure 2. Relation between iHOT-33 and iHOT-12 scores for
validation data (n = 1,833).

but might limit the usefulness of the instrument in
routine clinical practice. Concerns about the practical-
ity of the original questionnaire during pilot studies,
particularly from clinicians who wanted to use it in all
of their patients at first contact and on every follow-
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Ficure 3. Change scores (postoperative score [post-op] — preop-
erative score [pre-op]) for iHOT-12 and iHOT-33 (n = 80).
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up, led to a demand for a shorter version (Multicenter
Arthroscopy of the Hip Outcomes Research Network,
oral communication, October 2009).

The iHOT-12 uses 12 items from the original 33.
Regression analysis of a development dataset identi-
fied these 12 items that accounted for greater than
99% of the total variation in the full score. In a
separate, large group of patients used for a validation
study, the iHOT-12 showed excellent agreement with
the iHOT-33 and captured at least 96% of the varia-
tion in the full questionnaire. The iHOT-12 extends
across all 4 domains identified in the work to develop
the iHOT-33 and showed almost identical sensitivity
to change after treatment in a mixed group of patients
with a variety of pathologies and treatment modalities.
Standardized effect size for both the iHOT-12 and
iHOT-33 was smaller than in our previous study
(around 1.0 compared with 1.8).! We believe that this
probably reflects differences in the case mix of pa-
tients presenting for hip-preserving surgery, although
both patient groups had a wide variety of diagnoses
and were treated with a variety of techniques.

The decision to use 12 items is, to some extent, arbi-
trary. As few as 4 items could be expected to capture
most of the variation available with a longer question-
naire. However, it is desirable that each attribute (or
dimension) that one wishes to measure has adequate
representation on the questionnaire, that is, more than 1
item asking about the attribute, for 2 main reasons'?: (1)
multiple items decrease the variability in the overall
response by increasing the measure resolution for each
item, and (2) multiple items minimize the impact of
idiosyncratic responses to individual items. In other
words, a short questionnaire may perform well on aver-
age to discriminate between groups of patients, but it will
not always capture the subtle idiosyncrasies that allow
the instrument to evaluate changes in individual patients.
Guyatt et al.'® recommended that 3 or 4 items should be
included for each attribute. We suggest that 12 items is a
reasonable compromise between a very short, simple
instrument and a longer and more evaluative instrument
best suited to prospective clinical research. Thus the
iHOT-12 is likely to be most useful in routine clinical
practice: Subtle differences within individual patients
may not be identified, but this will be outweighed by the
ease and speed of administration, as well as the respon-
siveness of the instrument on average across a practice.
The iHOT-12 has excellent psychometric properties and
correlates well with the iHOT-33. We suggest that the
iHOT-33 will be preferred for prospective clinical stud-
ies, unless these are very large and pragmatic, where the
shorter iHOT-12 may again provide an advantage.

CONCLUSIONS

A short version of the iHOT, the iHOT-12, has been
developed. It has very similar characteristics to the
original 33-item questionnaire, losing very little infor-
mation despite being only one-third the length. It is
valid, reliable, and responsive to change. We suggest
that it be used for initial assessment and postoperative
follow-up in routine clinical practice.

Acknowledgment: The authors have benefited from col-
laboration with the Multicenter Arthroscopy of the Hip
Outcomes Research Network (MAHORN), which includes
J. W. Thomas Byrd, M.D.; John C. Clohisy, M.D.; Damian
R. Griffin, M.A., M.Phil., F.R.C.S.(Tr&Orth); Carlos A.
Guanche, M.D.; Bryan T. Kelly, M.D.; Mininder S. Kocher,
M.D., M.P.H.; Christopher M. Larson, M.D.; Michael Leunig,
M.D.; Hal D. Martin, D.O.; RobRoy L. Martin, Ph.D., P.T,,
C.S.C.S.; Joseph C. McCarthy, M.D.; Nicholas G. H. Mohtadi,
M.D., M.Sc., F.R.C.S.C.; Marc J. Philippon, M.D.; Marc R.
Safran, M.D.; Thomas G. Sampson, M.D.; Jon K. Sekiya,
M.D.; Richard N. Villar, B.Sc., M.A., M.S., FR.C.S; and
Jason R. Werle, M.D., F.R.C.S.C. The authors are grateful to
Shamumagan Karthikeyan and Jane Stokes for assistance in
data collection during this study.

REFERENCES

1. Mohtadi NGH, Griffin DR, Pedersen ME, et al. The develop-
ment and validation of a self-administered quality-of-life out-
come measure for young, active patients with symptomatic hip
disease: The International Hip Outcome Tool (iHOT-33). Ar-
throscopy 2012;28:595-610.

2. UK FASHIoN. A feasibility study for a randomised controlled
trial comparing hip arthroscopy with best conservative care for
patients with femoro-acetabular impingement. Available from:
http://controlledtrials.com/ISRCTN09754699. Accessed April
1, 2012.

3. Patient Reported Outcome Measures (PROMs). Available
from: http://www.ic.nhs.uk/proms. Accessed June 5, 2011.

4. Stewart AL, Hays RD, Ware JE. The MOS Short-form General
Health Survey: Reliability and validity in a patient population.
Med Care 1988;26:724-735.

5. Ware JE, Kosinski M, Keller SD. A 12-Item Short-Form
Health Survey: Construction of scales and preliminary tests of
reliability and validity. Med Care 1996;34:220-233.

6. Kaiser HF. The application of electronic computers to factor
analysis. Educ Psychol Meas 1960;20:141-151.

7. Sen A, Srivastava M. Regression analysis: Theory, methods
and applications. New York: Springer, 1997.

8. Husted JA, Cook RJ, Farewell VT, Gladman DD. Methods for
assessing responsiveness: A critical review and recommenda-
tions. J Clin Epidemiol 2000;53:459-468.

9. Mohtadi NG, Pedersen ME, Chan D. Assessing outcomes after
hip surgery. In: Sekiya J, Safran MR, Leunig M, Ranawat A,
eds. Techniques in hip arthroscopy and joint preservation
surgery. Philadelphia: Saunders; 2011:70-80.

10. Guyatt GH, Bombardier C, Tugwell PX. Measuring disease-specific
quality of life in clinical trials. CMAJ 1986;134:889-895.


http://controlledtrials.com/ISRCTN09754699
http://www.ic.nhs.uk/proms

SHORT VERSION OF INTERNATIONAL HIP OUTCOME TOOL 617

APPENDIX

WHICH HIP IS

THIS SURVEY ABOUT?

If we've asked you to tell us
about one hip in particular, tick
that. Otherwise, tick the one

i which causes most trouble.
I H o I 12 DATE OF BIRTH

HIP GUTCOME TooL

HIP OUTCOME TOOL

QUALITY OF LIFE QUESTIONNAIRE FOR YOUNG, ACTIVE PEOPLE WITH HIP PROBLEMS

INSTRUCTIONS

® These questions ask about the problems you may be experiencing in your hip, how these
problems affect your life, and the emotions you may feel because of these problems.

® Please indicate the severity by marking the line below each question with a slash.

» If you put a mark on the far left, it means that you feel you are significantly impaired. For

example:
S\GNIF\CANTLY/ NO PROBLEMS
IMPAIRED AT ALL

» If you put a mark on the far right, it means that you do not think that you have any problems
with your hip. For example:

SIGNIFICANTLY NO PROBLEMS
IMPAIRED AT ALL

» If the mark is placed in the middle of the line, this indicates that you
are moderately disabled, or in other words, between the extremes of TIP If you don't do
. , . . an activity, imagine
significantly impaired’ and 'no prob\ems at all’. It is important to put e yar RS vl
your mark at either end of the line if the extreme descriptions accurately feel if you had to

reflect your situation try it.

® Please let your answers describe the typical situation in the last month.

Q1 Overall, how much pain do you have in your hip/groin?

EXTREME NO PAIN
PAIN AT ALL

Q2 How difficult is it for you to get up and down off the floor/ground?

EXTREMELY NOT DIFFICULT
DIFFICULT AT ALL

Q3 How difficult is it for you to walk long distances?

EXTREMELY NOT DIFFICULT
DIFFICULT AT ALL
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Q4 How much trouble do you have with grinding, catching or clicking in your hip?
SEVERE NO TROUBLE
TROUBLE AT ALL
Q5 How much trouble do you have pushing, pulling, lifting or carrying heavy
objects?
SEVERE NO TROUBLE AT
TROUBLE ALL
@6 How concerned are you about cutting/changing directions during your sport or
recreational activities?
EXTREMELY NOT CONCERNED
CONCERNED AT ALL
Q7 How much pain do you experience in your hip after activity?
EXTREME NO PAIN
PAIN AT ALL
Q8 How concerned are you about picking up or carrying children because of your
hip?
EXTREMELY NOT CONCERNED
CONCERNED AT ALL
Q9 How much trouble do you have with sexual activity because of your hip?
[] This is not relevant to me
SEVERE NO TROUBLE
TROUBLE AT ALL
Q10 How much of the time are you aware of the disability in your hip?
CONSTANTLY NOT AWARE
AWARE AT ALL
Q11 How concerned are you about your ability to maintain your desired fitness level?
EXTREMELY NOT CONCERNED
CONCERNED AT ALL
Q12 How much of a distraction is your hip problem?

EXTREME NO DISTRACTION
DISTRACTION AT ALL
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