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Abstract

This is the latest review of joint-specific tools used to evaluate patients undergoing total hip replace-
ment (THR) surgery, which is an effective treatment for end-stage osteoarthritis. Due to the large 
number and multitude of scales and their variants used, a critical assessment of the available tools 
is necessary. In the article, we briefly describe six different clinical tools: the Western Ontario and 
McMaster Universities Osteoarthritis Index, the Hip Disability and Osteoarthritis Outcome Score, 
the Harris Hip Score, the Oxford Hip Score, the Mayo Hip Score, and the Rheumatoid and Arthritis 
Outcome Score. We present the advantages and constraints of the different outcome measures, 
providing a helpful resource of information for clinical trials and for everyday routine evaluation.
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Introduction

Osteoarthritis (OA) affects more than 250 million 
people, representing about 6% of the global population, 
and the prevalence is increasing due to the aging of the 
population and the rising number of joint injuries [1]. 

Currently, in Europe 5% of men and 11% of women 
aged ≥ 60 years old suffer from symptomatic hip OA. It is 
one of the leading causes of disability, limiting everyday 
activities, and a factor affecting patients’ quality of life 
(QoL). 

In Poland, over 160 total hip replacements (THR) are 
performed per 100,000 inhabitants per year, which ranks 
THR among the top ten most frequently performed sur-
gical procedures [2]. In order to evaluate the effective-
ness of various surgical techniques, rehabilitation pro-
tocols and other aspects of THR, comprehensive, and 
relevant outcome measures are necessary. 

Through the course of history, the focus of evaluation 
of the treatment outcomes shifted from observer report-
ed outcomes (OROs), which described mainly the pro-
cedural effect of the surgery, to patients’ opinion on the 
treatment, obtained through questionnaires collectively 

named “Patient Related Outcome Measures” (PROMs). 
This approach focuses on factors such as pain, the de-
gree of disability, and the impact of surgery results on 
daily activities and quality of life [3]. 

The outcome measures can be divided into two  
other broad categories depending on the scope of health 
issues addressed – joint-specific, and generic health- 
related, measuring the overall state of well-being. In the 
assessment of THR results, both types are recommend-
ed for the complex and accurate evaluation of the treat-
ment effect [4]. 

This review aims to focus on joint-specific outcome 
measures. Some of the clinical scales’ forms are difficult 
to access, so researchers tend to use questionnaires 
from sources other than the original, which can lead to 
unintentional modifications [5]. 

Also, there are significant inconsistencies and lack 
of clarity in reporting of the outcome measures scoring 
methods. Similarly, missing values are addressed dif-
ferently among different clinical trials. It results in un-
certainty in the interpretation of study results and puts 
limitations on data synthesis across different trials [6]. 
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This state-of-the-art review will describe the most 
common joint-specific tools used to evaluate various  
areas of treatment in patients undergoing THR. 

Western Ontario and McMaster 
Universities Osteoarthritis Index

Background: The Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC) developed 
by Bellamy et al. in 1982 is a widely used disease-spe-
cific questionnaire applied to measure the change in 
clinical status in the treatment of hip and knee OA. It is 
recommended by the Osteoarthritis Research Society In-
ternational clinical trial guidelines for the outcome mea-
surement in OA [7]. Its validity was proven in orthopedic 
outcome studies in the assessment of the effectiveness 
of surgery such as THR and total knee replacement (TKR), 
pharmacotherapy, and exercise therapy in the treatment 
of OA [6, 8]. It is a self-administered PROM and requires 
no help from a skilled physician or physiotherapist [9].

Contents: The WOMAC consists of 24 items divided 
into three domains, which are pain (5 questions), stiff-
ness (2 questions), and physical function (17 questions) 
[9, 10].

Recall period: Forty-eight hours for the standard 
version. Currently, there are also 24 hours, past seven 
days, and past month versions available [11].

Time to complete: Average time to complete ranges 
from 3 to 6 minutes for the paper version of WOMAC, 
mobile 4.5–5 minutes, and for patient interview 5–7.5 
minutes [12].

Available versions: Paper [9], emailed [13], mobile 
phone app [14], and touch-screen computerized [15]. 
WOMAC also can be completed over the telephone [16].

Available Scoring Variants: Available for use are 
versions evaluating the condition of the patient using 
a 5-point Likert scale [10], 100 mm horizontal visual ana-
log scale [10, 17], and eleven-point numerical format [15]. 
There is also a version of WOMAC with signal items ver-
sus complete index usage [11].

Scoring: The maximum score for the Likert variant 
of the questionnaire (41% of the studies) is 96 points 
(worst function, stiffness, severe pain). The fewer points 
the patient gains from answers to the questionnaire, 
the better the condition of the joint or the outcome. The 
WOMAC is divided into three subscales: 20 points for 
pain, 8 for stiffness, and 68 for function. The total score 
in the Likert variant can be calculated by summing up 
all points (0–96 points), the average value (max. of 4), or 
the percent of maximum value. The standard procedure 
for missing data in the WOMAC states that the average 
score from the subscale substitutes the missing value. 
However, when the subject did not answer ≥ 4 of the 17 

function questions, the subscale is invalid – the same 
for the stiffness subscale (≥ 2) and pain (≥ 2) [18].

Languages: The WOMAC is one of the most fre-
quently used and recognized evaluation tools in lower 
limb OA. To date, there are 85 different language ver-
sions. The WOMAC developer also provides a Polish lan-
guage version, but to our knowledge, there is no valida-
tion study [18].

How to obtain and licensing: The information re-
garding the WOMAC 3.1 file and license to use for re-
search are available on the www.womac.com website. 
All the questions of the Likert variant of WOMAC (ver-
sion 3.0) are included in their original form in the Hip 
Disability and Osteoarthritis Outcome Score question-
naire [19]. 

Psychometrics: The internal consistency reliability 
for the Likert version of WOMAC was Cronbach’s α = 0.95 
for function, 0.83 for pain, and 0.81 for stiffness. The 
test-retest reliability was respectively 0.91 for function, 
0.87 for pain, and 0.80 for stiffness subscales [12]. The 
WOMAC is a valid and reliable tool for the assessment 
of the severity of OA [10]. However, its ability to detect 
change is limited due to the overlap of pain and function 
items [20]. 

Variants of the original questionnaire: There are 
various short-form versions of the questionnaire val-
idated (WOMAC-SF) [21]. In 2003 Whitehouse and col-
leagues validated reduced WOMAC function. The re-
duced version retained 7 of the original 17 items from 
the function subscale, which are: ascending stairs, ris-
ing from sitting, walking on the flat, getting in or out of 
a car, putting on socks, rising from bed, and sitting. Re-
duced WOMAC function has been shown as valid and re-
liable as a full version of WOMAC and presented higher 
responsiveness than the full WOMAC for THR and TKR 
patients (1.4 vs. 1.6) [22, 23]. 

Hip Disability and Osteoarthritis Outcome 
Score

Background: The Hip Disability and Osteoarthritis 
Outcome Score (HOOS) is a joint-specific self-adminis-
tered clinical scale. The HOOS includes all the WOMAC 
version 3.0 questions (with permission). It also address-
es issues relevant to younger, more active patients, such 
as sport and recreation function [19].

Contents: HOOS has 40 items grouped into five sub-
scales: pain, other symptoms, function in daily living, func-
tion in sports and recreation, and hip-related QoL [19].

Recall period: When answering the questions last 
week is taken into consideration.

Time to complete: From 10 to 15 minutes to com-
plete [24].
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Available versions: Paper version, automated mo-
bile phone messaging robot version of the shortened 
HOOS physical function subscale (HOOS-PF), and HOOS 
Pain subscale [25].

Available scoring variants: Answers are divided into 
five Likert boxes. 

Scoring: The score of each subscale is a sum of all the 
points obtained (0–4 points per question). The total score 
is the sum of all subscales transformed and expressed as 
a score ranging from 0 to 100 (worst to best possible out-
come). Missing data are addressed with the implementa-
tion of mean values for a subscale if 50% or more items 
are answered. The score can be calculated with an Excel 
tool or manually – mean points from the subscale divided 
by four multiplied by 100 and then subtracted from 100. 
WOMAC can be calculated from HOOS. Instructions are 
available on the www.koss.nu website [19].

Languages: HOOS was initially developed in English. 
Currently, there are 19 languages available. Also a validat-
ed cross-cultural adapted Polish version is available [26]. 

How to obtain and licensing: On the www.koss.nu 
website, no license is required.

Psychometrics: The Cronbach’s α coefficient for in-
ternal consistency ranges from 0.82 to 0.98. HOOS is 
validated for two versions, LK1.1 and LK 2.0. HOOS has 
been tested against SF-36, and correlations indicating 
its validity were found. HOOS is valid against the Short 
Form 36, the Oxford Hip Score, the Lequesne Index, and 
the visual analog scale. The response rate varied be-
tween studies from 1.29 to 3.24. Test-retest reproducibil-
ity is characterized by a level of interclass correlation of 
> 0.78 [24].

Variants of the original questionnaire: HOOS Joint 
Replacement (JR) is a short version of HOOS and con-
sists of six items concerning function and pain. It pro-
vides a comparable level of psychometric performance 
to the complete HOOS. It is recommended by the Cen-
ters for Medicaid and Medicare Services and the Amer-
ican Association of Hip and Knee Surgeons for patients 
undergoing THR. The HOOS JR can be accessed through 
https://www.hss.edu/hoos-jr-koos-jr-outcomes-surveys.
asp website [24]. There is also a twelve-item version of 
the questionnaire, HOOS-12, which is a valid and reli-
able alternative to the 40-item HOOS in THR [24]. Also, 
HOOS-PF – the aforementioned shortened version of 
the HOOS physical function subscale – was developed, 
and it consists of 5 items [27].

Harris Hip Score

Background: The Harris Hip Score (HHS) is a joint-spe-
cific, ORO measure developed in 1969 as a tool to evaluate 
the results of hip surgery, and it consists of two sections: 

questions and a physical examination, including a range 
of motion and deformity items, which differentiates HHS 
from other presented clinical scales. Currently, HHS is the 
most widely used hip rating scale for THR patients [28]. 

Contents: The 11 items are grouped into three sec-
tions: pain (1 item), function and everyday activities 
(7 items), physical examination (3 items). The range of 
motion is measured for flexion, abduction, adduction, 
and external rotation [5]. 

Recall period: Unspecified [5].
Time to complete: It takes about 5 minutes to com-

plete [5].
Available versions: Paper HHS and telephone-call 

version of modified HHS tested in patients after THR [29].
Available scoring variants: Likert-type boxes, but the 

number of boxes varies depending on the question [5].
Scoring: The score has a maximum of 100 points (best 

possible outcome) with a maximum of 44 points for pain, 
47 for function, 4 points for absence of deformity, and 5 
points for a range of motion. The highest score of 100 
points indicates the best function and no pain. It should 
be noted, during statistical analysis, that the scoring is 
not continuous but rather gradual, and non-parametric 
tests should be used [5].

Languages: HHS was initially developed in English. 
Recently there were validation studies in Turkish [30] and 
Italian language [31].

How to obtain and licensing: The www.orthopaedic-
score.com site. No license required.

Psychometrics: HHS has been validated for the as-
sessment of outcomes of the THR, OA, and femoral neck 
fractures [5]. The HHS validity has been verified by direct-
ly comparing HHS, the WOMAC, and the Short Form 36 
(SF-36). Cronbach’s α coefficient for internal consistency 
was assessed as high [32]. The test-retest reliability of the 
pain subscale was r = 0.93 and r = 0.98, respectively, and 
the function subscale r = 0.95 and r = 0.93, respectively, 
also with good internal correlations (0.74–1.0) [33]. The re-
sponse rate for the HHS was higher (1.70) than for SF-36 
subscales [34]. 

Variants of the original questionnaire: In the Modi-
fied Harris Hip Score (mHHS) the original range of motion 
and deformity were excluded. The remaining seven items 
were grouped into three categories and scored using 
Likert boxes. The maximum score (100) indicates the best 
function as the original version. The mHHS can be self-re-
ported and serve as a PROM and present similar statisti-
cal properties as the original ORO HHS [35].

Oxford Hip Score

Background: The Oxford Hip Score (OHS) is a short 12-
item survey, and it was proposed by Dawson et al. in 1996 
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[36]. It is widely used, joint-specific PROMs applied to eval-
uate the clinical outcomes of THR, and its validity has been 
proven in prospective studies for THR and TKR [36], phar-
macological treatment [37] and rehabilitation [38].

Contents: OHS consists of 12 items concerning pain, 
physical function, gait, self-care, and use of a car. There 
are no official subscales, but five items include ques-
tions regarding pain complaints, and seven items ad-
dress the function.

Recall period: The last four weeks are taken into 
consideration [39].

Time to complete: It takes about 5 minutes to com-
plete [39].

Available versions: Paper and telephone adminis-
tered version [39].

Available scoring variants: Five Likert boxes, with 
an indication of the limb affected [36].

Scoring: The original questionnaire’s score ranged 
from 12 to 60. A higher score indicates worse disability. 
However, many surgeons modified the scoring, which 
leads to the creation of updated scoring with values per 
item ranging from 0 to 4, with 4 indicating the best state 
(48 points) [39]. Scores can also be converted by sub-
tracting the score from 60 [40]. If one or two questions 
remain blank, the mean score is incorporated. The score 
is invalid when there is missing data in more than two 
items [36].

Languages: Apart from the original English, Dutch 
[41], Swedish [42], and other versions are available. The 
authors suggest the use of adaptations performed by 
the Haverkamp et al. method [41]. Unofficial versions 
from many languages are available for use and are listed 
on the official website of the Oxford University. There is 
no official Polish version.

How to obtain and licensing: Questionnaire and 
instruction on obtaining the license are available at 
https://innovation.ox.ac.uk/outcome-measures/oxford-
hip-score-ohs/.

Psychometrics: Cronbach’s α measure of internal con-
sistency was 0.84 preoperatively and 0.89 postoperative-
ly. The OHS was validated against the Charnley score and 
SF-36. The OHS was more sensitive to change than SF-36 
[36]. It is characterized by good test-retest reliability inter-
class correlation (ICC) in hip OA (ICC > 0.80) and THR (ICC 
> 0.70). The responsiveness was assessed as good in OA 
(standardized response mean, SRM = 1.12) [41, 43].

Variants of the original questionnaire: No other 
variants.

Mayo Hip Score

Background: The Mayo Hip Score (MHS) devised in 
1985 by Kavanagh and Fitzgerald consists of a PROM 

questionnaire and radiographic evaluation developed 
specifically for measuring clinical outcomes of revision 
of total hip arthroplasty [44]. Thirty-one years later, it 
has been used to assess the outcomes of primary total 
hip arthroplasty [45]. 

Contents: Clinical Parts: pain, function (distance 
walked, walking aids), mobility and muscle power (get-
ting in and out of the car, foot care, limp, climbing stairs). 
The MHS clinical component is similar to HHS but does 
not include a deformity assessment and joint range of 
motion [44].

Recall period: Unspecified by the authors [44].
Time to complete: The exact values of the time re-

quired to complete the scale were not measured. How-
ever, the clinical part takes 2 to 5 minutes to complete. 
The time required for radiological assessment has not 
been measured either [44].

Available versions: Paper version.
Available scoring variants: Multiple choice ques-

tionnaire with a total of 100 points in combined clinical 
and radiological scale.

Scoring: Clinical (80 points) and radiological (20 
points). A higher score indicates better results. The clini-
cal part consists of seven items with a weighted amount 
of points per item. It is divided into pain (40 points), 
function (20 points), and mobility and muscle power (20 
points). Points for roentgenographic data are divided 
into the assessment of the condition of the acetabulum 
(10 points) and femur (10 points). However, scoring is 
only possible for cemented components [44]. 

Languages: The Mayo Hip Score was initially written 
in American English [44]. To our knowledge, no transla-
tions are available.

How to obtain and licensing: No license required. The 
PROMs can be found in the open-source article in Clinical 
Orthopedics and Related Research journal: https://jour-
nals.lww.com/clinorthop/Abstract/1985/03000/Clinical_
and_Roentgenographic_Assessment_of_Total.17.aspx.

Psychometrics: Mayo hip score is a valid measure-
ment tool (against HHS) in the primary THR and also 
can successfully predict the risk of revision surgery. The 
responsiveness was assessed after 2 years (SRM = 2.61) 
and 5 years (SRM = 2.42) [45].

Variants of the original questionnaire: No other 
variants, besides independent use of the clinical part of 
the score as a PROM.

Rheumatoid and Arthritis Outcome Score

Background: The Rheumatoid and Arthritis Out-
come Score (RAOS) is a PROM developed to measure the 
severity of chronic lower limb joint issues such as rheu-
matoid arthritis, spondyloarthropathies, psoriatic arthri-
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tis, etc. The RAOS is an adaptation of the Knee injury 
and Osteoarthritis Outcome Score (KOOS). By changing 
the word “knee” in KOOS to “leg” or “hip, knee and foot” 
in all of the items, a new clinical scale was devised. The 
RAOS validation clinical trial for patients with hip rheu-
matic diseases undergoing THR and TKR is ongoing ac-
cording to the authors’ information [46].

Contents: RAOS has 42 items, and it can be divided 
into subscales: Pain (9), Symptoms (7), Activities of Daily 
Living (ADL) (17), Sports and Recreation (5) and QoL (4).

Recall period: When answering the questionnaire, 
last week is taken into consideration. 

Time to complete: It takes about 10 minutes to com-
plete.

Available versions: Only the paper version is cur-
rently available [46].

Available scoring variants: Answers are put into 
five Likert-type boxes [46].

Scoring: When completing the questionnaire, the 
maximal score indicates the worst condition. To obtain 
a normalized score, sum up the total score of each sub-
scale and divide by the possible maximum score for the 
subscale. It includes WOMAC in its composition. The 
WOMAC 3.0 is included in RAOS in its full form and can 
be calculated from its score [46]. The scoring instruc-
tions and calculation tools (Excel) are available at www.
koos.nu.

Languages: RAOS is available in several languages, 
including English, Swedish, Turkish, French and Polish.

How to obtain and licensing: The questionnaire is 
available at www.koos.nu. No license is required to use 
this questionnaire.

Psychometrics: The RAOS is characterized by good 
test-retest repeatability with Cronbach’s α of 0.78–0.95. 
Intraclass correlations for RAOS is ICC = 2.1. The validity 
has been successfully tested against SF-36 the Stanford 
Health Assessment Questionnaire (HAQ) and the Arthri-
tis Impact Measurement Scale (AIMS2). The responsive-
ness was presented as effect sizes for each of the sub-
scales (pain 0.40, symptoms 0.41, ADL 0.44, Sports and 
Recreation 0.42 and QoL 0.30) [46]. 

Variants of the original questionnaire: No other 
variants available.

Discussion

When trying to apply the scale, a scientist might en-
counter several barriers. The existence of such a large 
number of scales implies that it is difficult to compare 
both individual results and entire studies. The Oxford 
Hip Score and HOOS scales are used more frequently, 
but the Harris Hip Score (HHS) is still the most widely 
used scale for research, particularly randomized con-
trolled trials, and most studies use multiple scales [47]. 

Although there is a growing body of activity leading to 
the collection of data on THR results reported by both phy-
sicians (OROs) and patients (PROMs), it remains unclear 
how to read these results in daily clinical practice [48]. 

In order to solve this problem, a cohort retrospective 
study was conducted in 2015 by Berliner et al. to in-
vestigate the relationship between preoperative PROM 
results and total hip alloplasty. The purpose was to es-
tablish a scale threshold that could predict a clinically 
significant improvement in the functional performance 
of the hip joint after THR in patients qualified for sur-
gery. The threshold for the HOOS scale was 51.0, while 
for the PCS scale it was 32.5. The result of this study may 
support the clinician’s decision to postpone surgery if 
the expected probability of improvement after surgery 
is low, even if the symptoms of hip arthritis are severe 
[49]. Further research is needed to find thresholds of 
other scales. 

For the ongoing evaluation of clinical data and to 
determine which factors are crucial for the patient, an 
international working group has been established under 
the OMERACT program (Outcomes 3 Measurement in 
Rheumatology). In 2016, a set of priority points covered 
by the group included evaluation of function, pain, satis-
faction, revision occurrence, adverse events, and patient 
death [50]. 

Therefore, as parameters such as pain, joint function 
and mobility do not fully reflect the patient’s situation, 
the role of patient evaluation in the evaluation of sur-
gery results has recently been highlighted [51]. In Figure 1 
items (n) of the joint-specific outcome measures in total 
hip replacement are presented.

In order to increase the use of scales in the pre- and 
postoperative evaluation of a patient undergoing total 
hip alloplasty, a comprehensive strategy should be intro-
duced to support clinicians and researchers. The share 
of PROMs is significantly increased by the introduction 
of a form on the website, which allows it to be complet-
ed at such a time as the patient needs, and allows one 
to monitor patients living far away or in a severe condi-
tion to come to the office only for a follow-up visit [52]. 

However, some patient groups may be unable to 
complete the form. Such groups include the elderly, other 
nationalities, patients with a history of three or more or-
thopedic procedures and undergoing revision surgery [3]. 

Although modern electronic devices such as tele-
phone, e-mail or website are on the rise, contact via tra-
ditional mail remains the primary tool for long-distance 
postoperative contact due to the age profile of patients 
undergoing hip alloplasty [53]. 

Many factors contribute to achieving satisfactory re-
sults in total hip alloplasty. A useful tool to examine the 
most significant factors is outcome measures. More ex-
tensive use of these scales will involve finding patients 
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Physical function (17) Pain (5)       Stiffness (2)

WOMAC

8%

71%

21%

HOOS
Function (17)      Other symptoms (10)      Pain (5)      Sports and recreation (4)      QoL (4)

10%

10%

13%

25%

42%

Fig. 1. Items (n) of the joint-specific outcome measures in total hip replacement.

Function (7)       Pain (5)

Mobility, muscle power (4)       Function (2)       X-ray (2)       Pain (1) ADL (17)       Symptoms (7)       QoL (4)       Pain (9)       Sport/Rec (5)

ADL – Activities of Daily Living, HHS – Harris Hip Score [28], HOOS – Hip Disability and Osteoarthritis Outcome Score [19], MHS – Mayo Hip Score [44],  
OHS – Oxford Hip Score [36], RAOS – Rheumatoid and Arthritis Outcome Score, Sport/Rec – sports and recreation subscale, QoL – Quality of Life [46],  
WOMAC – Western Ontario and McMaster Universities Osteoarthritis Index [9], X-ray – radiologic evaluation in aspect of loosening.

HHS

MHS RAOS

Function and activities (7)        Physical examination (3)       Pain (1)

9%

64%

27%

OHS

58%
42%

11%

22%

22%

45%

10%

12%

17%

21%

40%
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who can achieve clinically significant improvement after 
surgery.

Conclusions

In clinical practice, accurate and appropriate tools 
are necessary to evaluate the patient’s present state of 
health and its changes over time. There are many dif-
ferent measures used for the assessment of patients 
undergoing THR. 

In this review, we present complex and detailed in-
formation about the most frequently applied question-
naires, together with its origin, scoring methods, and 
psychometric properties such as validity, internal con-
sistency, and test-retest reliability. 

We also highlight the importance of standardization 
of the versions and scoring methods used for improved 
clinical applicability and comparability between differ-
ent clinical trials. The advantages and limitations of the 
individual outcome measures are briefly explained, of-
fering a useful source of knowledge for researchers and 
an everyday routine assessment of THR results. 

The authors declare no conflict of interest.
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