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Abstract
Introduction: This study explored the psychometric properties of the modified Harris Hip Score-Greek version 
(mHHS-Gr) as a patient-reported outcome (PRO) measure in osteoarthritic hip patients.
Methods: Internal consistency, test-retest reliability and reproducibility were evaluated in 90 patients aged >55 years. 
Construct validity was tested against Greek versions of the Lower Extremity Functional Scale (LEFS-Greek) and 
WOMAC Index (WOMAC-Gr), and the Timed Up and Go (TUG) and 9-stairs-ascend/descend (9S-A/D) tests. Known-
groups validity was examined using TUG score (cut-off 13.5 s) as an estimate variable. Responsiveness was examined 
before and 4 weeks after direct anterior minimal invasive surgery.
Results: Reliability: Internal consistency was moderate (Cronbach’s a = 0.614, p < 0.001). Test-retest reliability was 
excellent (ICC = 0.881, 95% CI, 0.824–0.920). Reproducibility: Floor and ceiling effects were both 1.1%; measurement 
error was 3.54 (p < 0.05); minimal important change was lower than minimal detectable change.

Validity: mHHS-Gr correlated strongly with both LEFS-Greek and WOMAC-Gr (Pearson’s r 0.801 and −0.783, 
respectively; p < 0.001). The questionnaire’s correlations with TUG and 9S-A/D were also significant but moderate 
(Spearman’s ρ: −0.547 and −0.575, respectively; p < 0.001). Known-groups validity showed that mHHS-Gr scores were 
significantly higher in participants with TUG < 13.5 seconds than in those with TUG > 13.5 seconds (p < 0.001). In ROC 
analysis, the cut-off point of 52.5 yielded sensitivity 81% and specificity 71%.

Responsiveness: Standardised response mean and Guyatt’s responsiveness statistic were greater than 0.8.
Discussion: mHHS-Gr showed significant moderate to excellent reliability, significant moderate to strong validity 
properties and excellent responsiveness. Overall, mHHS-Gr could be a reliable and valid PRO measure for assessing 
patients with osteoarthritis of the hip.
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Introduction

Osteoarthritis (OA) is among the most prevalent and disa-
bling conditions affecting the elderly and is a particular 
burden when it affects the hips and knees, as pain and 
stiffness in these large weight-bearing joints often leads to 
significant disability requiring surgical intervention.1,2 
Epidemiological studies indicate that hip joint osteoarthri-
tis occurs in 88/100,000 individuals.3,4 There is an esti-
mated 25% lifetime risk of symptomatic hip OA in people 
who live to age 85,2 and an almost 10% lifetime risk of 
undergoing total hip replacement for end-stage OA.5 In the 
Greek population hip OA has a prevalence of 0.9/1000: 
1.5/1000 in women and 0.3/1000 in men.6

The treatment of hip OA is aimed at functional enhance-
ment and pain management. In an era of evidence-based 
medicine, a thorough assessment of a patient’s pain and 
functional level requires reliable and validated outcome 
measures that can provide clinicians with objective and 
quantified health status data on which to base decisions 
concerning the most effective treatment plan and surgical 
versus non-surgical intervention.

Specifically designed outcome measures are frequently 
used for the evaluation of hip OA patients. The Harris Hip 
Score (HHS), developed in 1969,7 is a multidimensional 
clinician-reported outcome measure that contains 10 
items covering pain, function, absence of deformity and 
range of motion.8 It is considered an ideal tool for the 
evaluation of various hip disabilities and methods of con-
servative treatment, or surgical intervention in adult  
populations.9 The HHS has been translated into many lan-
guages and its psychometric and measurement properties 
are well established.10 In 2000, Byrd and Jones modified 
the HHS for the long-term evaluation of patients who had 
undergone hip arthroscopy, deleting the domains concern-
ing deformity and range of motion.11 This modified HHS 
(mHHS) includes only assessments based on pain and 
function; thus, unlike the HHS, it can be used as a patient-
reported outcome (PRO) measure. PROs are considered 
ideal measurement tools for evaluating outcomes because 
their patient-focused perspective enables patients to 
actively participate in their own evaluation and to quan-
tify their functional limitations, changes in symptoms 
over time, and post-treatment outcomes.12,13 Furthermore, 
the psychometric properties of PROs are of interest to all 
practitioners who manage patients, including surgeons, 
physiotherapists, and researchers.14

To our knowledge, the mHHS has been translated and 
culturally adapted only into Portuguese,15 while its psy-
chometric properties have not been extensively explored 
(i.e. there is no information regarding internal consistency 
for either the original English or the Portuguese version of 
the mHHS).16,17 In addition, since the MHHS was designed 
for the evaluation of patients undergoing hip arthroscopy, 
there is a lack of information regarding its applicability to 
patients with chronic hip diseases, such as hip OA.

The purpose of the present study was to evaluate a 
Greek version of the mHHS as a PRO measurement tool in 
individuals with hip OA. It was hypothesised that the 
mHHS would be correlated with the Greek version of 
other PRO questionnaires and/or objective physical- 
performance measures (PPM) that are widely used to eval-
uate hip OA patients. We decided to incorporate PPMs in 
our study because they have been reported to be good pre-
dictors of functionality and they lack the problems inher-
ent in PRO measures, such as patients’ inability or 
unwillingness to answer questions correctly.18,19

Methods

Study design and setting

This observational study was conducted in accordance with 
the ethical principles stated in the Declaration of Helsinki 
and its later amendments.20 The Research Committee of the 
University of West Attica, Athens, Greece and the Scientific 
Research Council of the “KAT” General Hospital of Attica, 
Athens, Greece approved the protocol. The study con-
formed to the “Strengthening the Reporting of Observational 
studies in Epidemiology” (STROBE) statement for report-
ing observational studies.21

Cultural adaptation of mHHS

Official permission for reprinting and translating the 
original mHHS questionnaire was given by J. W. Thomas 
Byrd and Kay S. Jones. Its adaptation into Greek fol-
lowed the guidelines developed by Guillemin et al.22,23 
and Beaton et al.24 A team of experts, consisting of health 
science professionals and two bilingual non-medical 
specialists, took care of all the required procedures. 
Technical and linguistic adaptations were agreed in a 
consensus meeting. Field-testing of the provisional ver-
sion included its completion by a group of individuals 
(n = 20) from the same target population group, by means 
of one-to-one interviews, in order to examine the poten-
tial distribution of responses and check comprehension. 
The committee took note of the questions of the partici-
pants who completed the provisional version of the 
questionnaire and proceeded to the cultural adaptation of 
the final Greek version. First, the sentence ‘Please select 
only one response in each section’ was added at the top 
of the questionnaire. Linguistic adaptations were made 
in the ‘Pain’ section with regard to the use of the adjec-
tive ‘marked’ for level of pain. The equivalent term in 
Greek could be understood as meaning ‘remarkable’, 
which was not fully understood by all participants; 
therefore, another adjective meaning ‘intense’ was sub-
stituted. In addition, in the Distance Walked item of the 
Function: Gait section, the response option ‘Bed and 
chair’ was modified to read ‘Moving from bed to chair’ 
and in the Stairs item of the Functional Activities section 
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an addition was made to specify that the word ‘Normally’ 
means ‘alternating feet on stairs’.

Most of the changes for cross-cultural adaptation were 
made in the ‘Pain’ section. This was because most Greeks 
know pharmaceuticals by their commercial names, rather 
than by their active ingredient. They are also not used to 
taking aspirin as an analgesic. Accordingly, references to 
‘aspirin’ in the English questionnaire were supplemented 
by ‘Depon’, which is a common brand name of paraceta-
mol that is widely used in Greece. The relevant response 
option was changed to ‘Need to use mild analgesics 
(Aspirin, Depon)’. In the same section, the English ques-
tionnaire refers to ‘occasional codeine’. In the final Greek 
version of the questionnaire, this response option has been 
changed to ‘Occasional need to use strong analgesics 
(Lonarid)’. Lonarid is an analgesic available in Greece 
whose main active substance is codeine.

Ultimately, the final version of the modified Harris Hip 
Score in the Greek language (mHHS-Gr) was completed 
once again by 2 small groups of individuals (n = 15) from 
the same target population group in order to check com-
prehension, and to ensure linguistic validation and cross-
cultural verification and adaptation. This final version was 
back-translated into English by a third bilingual non- 
medical specialist, who did not know the original/English 
questionnaire. The back-translation was approved by the 
creators of the original, JW Byrd and KS Jones. The origi-
nal questionnaire, the Greek-language version and the 
back-translation of the mHHS-Gr are included in the 
Supplemental material Appendix.

Participants

110 patients aged 55 years and over, who consulted the 
co-chief scientific researcher of the present study (GM, 
orthopaedic surgeon), were invited to participate in this 
study. The main inclusion criterion was the existence of 
hip OA according to the Kellgren-Lawrence classifica-
tion system.25 Patients who reported pain on active 
movement of the hip joint and had used anti-inflamma-
tory medication and/or received physical therapy for at 
least the previous 6 months were eligible for inclusion.26 
Participants were excluded if they: had undergone any 
kind of surgical intervention to the affected hip; had 
other hip disorders or medical conditions, such as rheu-
matoid arthritis, psoriatic arthritis, chronic inflammatory 
diseases or lower limb muscle weakness due to a central 
or peripheral neurological aetiology, or were taking 
medication that adversely affected their postural or 
dynamic balance. Participants who reported any change 
in their clinical status or received any treatment inter-
ventions between the 2 assessments days were also 
excluded. Upon acceptance, participants gave their writ-
ten informed consent and their demographic and clinical 
characteristics were recorded.

Patient-reported outcomes and physical-
performance measures

Modified Harris Hip Score. The mHHS includes assess-
ments based on pain and function. 1 item evaluates pain 
(0–44 points), while 7 items evaluate the patient’s func-
tionality (0–47 points). 3 items – “Limp”, “Support” and 
“Distance Walked”, with a score ranging from 0 to 11 – 
relate to the patient’s functionality while walking. The 
other 4 items evalutate functional activities: “Stairs” and 
“Socks/Shoes” have a score ranging from 0 to 4, “Sitting” 
from 0 to 5 and “Public Transportation” from 0 to 1. The 
total points form a scale from 0 to 91. A multiplier of 1.1 
provides a total score of 100 (best possible outcome).11

The Greek versions of the PROs Lower Extremity 
Functional Scale (LEFS-Greek),27–29 Western Ontario and 
McMaster Osteoarthritis Index (WOMAC-Gr),30,31 and the 
PPMs Timed Up & Go (TUG) test32,33 and 9-stairs-ascend/
desscend (9S-A/D) test34 were also used in the present 
study (see Supplemental Material, Appendix).

Procedures

On the initial assessment (day-1), the mHHS-Gr, LEFS-
Greek and WOMAC-Gr were given to all participants and 
completed on site, under the supervision of the same 
member of the research team. The questionnaires were 
given out in random order, interspersed with the PPMs  
(1 questionnaire – TUG test, 2 questionnaires – 9S-A/D 
test). This allowed sufficient resting time between the 
tests and reduced the risk of question-order bias. The cor-
rect procedures for the TUG and 9S-A/D were carefully 
explained prior to a single pilot test. Both PPMs were per-
formed only once, so as to minimise habituation bias and 
avoid affecting the participant’s performance. The same 
researcher recorded all test performance times using a 
timer with an accuracy of 1/100 second. Participants were 
allowed to use a walking aid if necessary, but no verbal 
encouragement or personal assistance was given. Partici-
pants were asked to perform the TUG test as quickly as 
they could while still feeling safe, while for the 9S-A/D 
test they were asked to proceed in their usual manner, at a 
safe and comfortable pace, using the stair handrail if nec-
essary. In the present study, the times taken to ascend and 
descend the stairs were measured separately and the total 
time was recorded in seconds.

The mHHS-Gr questionnaire was re-administered to all 
participants 7 days after the first assessment day (day-8).

Patients from our study population who were on the 
waiting list for a total hip arthroplasty via direct anterior 
minimal invasive surgery (DAMIS) were used to explore 
the questionnaire’s responsiveness (treatment effect valid-
ity).This sub-sample of participants completed the mHHS-
Gr questionnaire on 2 further occasions, preoperatively 
and 4 weeks after DAMIS.
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Statistical methods

For the exploration of the psychometric properties of PRO 
questionnaires, there is a widely-cited rule of thumb that 
suggests 10 respondents per item.35,36 The mHHS ques-
tionnaire consists of 8 items; thus a sample size of 80 par-
ticipants would be adequate.

All tests were 2-sided; a p-value < 0.05 was considered to 
denote statistical significance. All analyses were carried out 
using the statistical package SPSS version 17.00 (Statistical 
Package for the Social Science, SPSS Inc., Chicago, Ill., 
USA). Data were expressed as mean ± SD for quantitative 
variables and as percentages for qualitative variables.

Reliability study

An extensive reliability study was carried out to explore 
the internal consistency, test-retest reliability (stability) 
and reproducibility (agreement) of the mHHS-Gr ques-
tionnaire. Internal consistency was determined by calcu-
lating Cronbach’s alpha coefficient.37

Test-retest reliability (stability) of the mHHS-Gr was 
determined by calculating the intraclass correlation coef-
ficient (ICC) and its 95% confidence interval (CI).38 
Because this coefficient does not correct for systematic 
differences and agreement by chance, the scores of the 2 
assessments (day-1 and day-8) were tested for systematic 
differences using the paired t-test. Finally, a Bland–
Altman plot was used as a visual method of assessing 
stability.

Reproducibility (agreement) was determined by cal-
culating the floor and ceiling effects and the minimal 
importance change (MIC). Floor or ceiling effects are 
considered to be present if more than 15% of respond-
ents achieved the lowest or highest possible score, 
respectively.38 The MIC was expressed as 0.5 × SD at 
baseline. The measurement error is the error of the score 
not attributed to the construct that is being measured and 
is expressed as the standard error of measurement 
(SEM), using the formula SEM = SD × √ (1–ICC), 
where SD is the standard deviation of all patients at 
baseline. Minimal detectable change (MDC) is the 
change of score that exceeds the SEM and was calcu-
lated as SEM × 1.96 × √2 at individual level.39

Validity study

Construct validity was defined as the degree to which an 
outcome score is consistent with another relevant score.12 
The construct validity of MHHA-Gr was determined by its 
correlations with LEFS-Gr total score, WOMAC-Gr’s 
(total and subscale scores), TUG test and 9S-A/D test per-
formance times, using Pearson’s and Spearman’s correla-
tion coefficients. The strength of correlation between 
mHHS-Gr and the well-established PROs and objective 
PPMs would support the validity of the mHHS-Gr ques-

tionnaire in measuring important aspects of functional sta-
tus in hip OA patients.

The known-groups validity of mHHS-Gr was examined 
in terms of its ability to distinguish between subgroups of 
patients formed on the basis of their functional status 
according to TUG test performance time (cut-off value 
13.5 seconds). The TUG test was chosen as an external cri-
terion because it has previously been used as an indicator 
for discriminating hip OA patients who underwent total 
arthroplasty according to their poor (>13.5 seconds) or 
good (<13.5 seconds) functional status.40 An independent 
samples t-test was used for the statistical analysis.

Receiver operating curve (ROC) analysis was con-
ducted to determine the cut-off point of mHHS-Gr total 
score for differentiation between subgroups of patients 
formed on the basis of their functionality. The area under 
the curve (AUC), standard error and 95% CI were calcu-
lated using the maximum likelihood estimation method, 
and the sensitivity and specificity of different cut-off 
points for mHHS-Gr as a measure of functional status 
were estimated using TUG test performance time (cut-off 
value of 13.5 seconds) as an estimated variable.

Responsiveness

Responsiveness (treatment effect validity) was examined 
in terms of the questionnaire’s ability to monitor changes 
4 weeks after DAMIS-THA surgery. The preoperative and 
postoperative mHHS-Gr score differences were evaluated 
by calculating the standardised response mean (SRM) 
using the formula

SRM = Mean - Mean

Standard deviati

Postoperative Preoperative

/ oonPostoperative - Preoperative

and Guyatt’s responsiveness statistic (GRS) using the 
formula

GRS = MCID     MSE .mHHS-Gr/ √ ×2

MCID is the minimal clinically important difference 
observed in our sample and MSEmHHS-Gr represents the 
mean square error of MHHS-Gr obtained from the analysis 
of variance (ANOVA).41

Results

Descriptive and clinical data

In order to explore the reliability and validity properties of 
the questionnaire, 110 patients were assessed for eligibility 
from February until July 2017. The data from 90 partici-
pants were analysed (Figure 1). Regarding mHHS-Gr 
responsiveness after treatment, data from a sub-sample 
(n = 30) of our participants who were suffering from a late 
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stage of hip OA and underwent DAMIS-THA were ana-
lysed. This phase of the study lasted from September 2017 
until January 2018 (Figure 1). The demographic character-
istics and clinical measurements of all the participants are 
shown in Table 1.

Reliability properties

The internal consistency of mHHS-Gr was measured by 
Cronbach’s alpha and estimated as 0.614, which indi-
cates moderate internal consistency (Table 2). The most 
important item of the scale was the “Function: Gait–
Limp” based on Cronbach’s alpha if the item was deleted 
(0.472) (Table 2). As regards test–retest reliability, the 
paired samples t-test between initial assessment and 
reassessment of mHHS-Gr total score indicated no sta-
tistically significant difference (p = 0.277). ICC (95% 
CI) between initial assessment and reassessment of the 
mHHS-Gr total was 0.94 (0.91–0.97) (p < 0.001). Bland-
Altman plots showed that almost all differences were 
within mean difference ± 2 SDs, confirming agreement 
between the 2 assessments (Figure 2). These results indi-
cate that mHHS-Gr scores were remarkably consistent 

between the two measurements. As regards reproducibil-
ity (agreement), the floor and ceiling effects were 1.1% 
and 1.1%, respectively. The critical value of 15% was 
not exceeded, so there was neither a ceiling nor a floor 
effect for mHHS-Gr. SEM, MIC and MDC values are 
presented in Table 2.

Validity properties

Table 3 summarises the correlation between the mHHS-Gr 
and the selected validation instruments. The correlation 
coefficient ranged from −0.533 to −0.786 (p < 0.001) for 
negative correlations and was 0.801 for positive correla-
tions (p < 0.001). The negative correlations can be 
explained by the fact that higher scoring in mHHS implies 
better functional status, whereas higher scoring in WOMAC 
and longer performance time in the TUG and 9S-A/D tests 
are equivalent to poorer functional status. The positive cor-
relations can be explained by the fact that higher scoring in 
mHHS and in LEFS implies better functional status. The 
above results indicate that mHHS-Gr was significantly 
associated with all validation criteria, confirming the instru-
ment’s construct validity.

The analysis of known-groups validity showed that the 
mHHS-Gr total score was statistically significantly higher 
in participants with a TUG score <13.5 than in those with 
TUG time >13.5 (p < 0.001) (Table 3). In ROC analysis 
the AUC for mHHS-Gr total score was 0.775 (95% CI, 
0.68–0.87; p < 0.001), with cut-off point 52.5, and sensi-
tivity 81% and specificity 71% (Figure 3).

Responsiveness properties

The preoperative mHHS-Gr average score was 35.19  
± 7.73, while the 4th postoperative week’s average score 
was 60.50 ± 6.84. The paired-sample test difference 
[MCID (95% CI)] between the preoperative and 4th post-
operative week’s values of mHHS-Gr was 25.31 (23.86–
26.76) (p < 0.0005). The responsiveness after treatment of 
mHHS-Gr was measured by determining the SRM and 
GRS (Table 2). The values of both indices were greater 
than 0.8,41 indicating that mHHS-Gr is effective for detect-
ing treatment changes in patients with hip OA.

Discussion

Worldwide, this is the first study to examine the internal 
consistency of the MHHS at the same time as other reliabil-
ity properties (test-retest reliability, and reproducibility), in 
a sample consisting solely of patients with hip OA This is 
also the first study to use both PROs and PPMs to examine 
the validity properties of the mHHS in hip OA patients, and 
to examine the questionnaire’s responsiveness after 
DAMIS. The mHHS-Gr was found to have excellent relia-
bility properties, exhibited significant validity against the 

Figure 1. Flow diagram of the enrolment of participants.
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LEFS-Greek, WOMAC-Gr, TUG and 9S-A/D tests, and 
showed excellent ability to detect treatment effects.

Reliability

Our results indicate that the mHHS-Gr has high reliability 
properties and may be used in clinical practice and research 

to evaluate Greek hip OA patients. To our knowledge, 
there is no information regarding internal consistency for 
either the original/English or the Portuguese versions of 
the mHHS.15–17 Analysis of the internal consistency of 
mHHS-Gr showed that the eight items are moderately 
interdependent and homogeneous in terms of the con-
struct they measure. Calculation of “Cronbach’s a if item 

Table 1. Demographic characteristics and clinical measurements of the study sample (n = 90).

Characteristics/measurements Values Range

Age (years)a 66.28 ± 8.27 55–87
Height (metres)a 1.66 ± 0.085 1.48–1.88
Weight (kg)a 77.86 ± 14.90 55–126
Body mass index (kg/m2)a 28.13 ± 4.36 20.28–39.18
Sex: men/women (%) 26.7/73.3  
Dominant lower limb: right/left (%) 86.7/13.3  
Affected hip: right/left (%) 48/42  
Kellgren & Lawrence classification (%)  
Grade 1/Grade 2/Grade 3/Grade 4 1.1/15.6/47.8/35.6  
Use of walking aid (%) 24.4  
Modified Harris Hip Score-Greek version*a 52.14 ± 15.55 20.9–95.7
Lower Extremity Functional Scale-Greek versiona 27.28 ± 27.28 6–74
WOMAC LK 3.1 Greek for Greece Index–Paina 4.54 ± 1.99 0–8.5
WOMAC LK 3.1 Greek for Greece Index–Stiffnessa 5.18 ± 2.49 0–10
WOMAC LK 3.1 Greek for Greece Index–Functiona 5.35 ± 2.019 0.29–9.26
WOMAC LK 3.1 Greek for Greece Index–Total scorea 15.07 ± 2.2 1.54–27.76
Timed Up and Go test performance time (s)a 15.21 ± 5.37 6.79–43.86
9 stairs-ascend/descend test performance time (s)a 20.21 ± 10.40 8.18–50.01

kg, kilograms; s, seconds; WOMAC, Western Ontario and McMaster University index.
aThe values are expressed as mean ± standard deviation.
*The initial assessment’s values of modified Harris Hip Score - Greek version were presented.

Table 2. Reliability properties (n = 90) and responsiveness (n = 30) of modified Harris Hip Score-Gr.

Items Cronbach’s alpha 
“if item deleted”

Internal consistency Pain 0.645
Function: Gait–Limp 0.472
Function: Gait–Support 0.600
Function: Gait–Distance Walked 0.557
Functional Activities: Stairs 0.598
Functional Activities: Socks/Shoes 0.592
Functional Activities: Sitting 0.586
Functional Activities: Public Transportation 0.614
Overall Cronbach’s alpha 0.614

Test-retest reliability ICC 95% CI 0.948 (0.91–0.97) p < 0.001
Paired samples t-test 51.49 ± 16.3 & 50.70 ± 16.15a NS (0.277)

 SEM 3.54  
Reproducibility MDC 10.39 MIC < MDC
 MIC 7.75
Responsiveness SRM 6.48  

MCID (95% CI) 25.31 (23.86–26.76) p < 0.0005
GRS 2.4  

ICC, intraclass correlation coefficient; CI, confidence interval; SEM, standard error of measurement; MDC, minimal detectable change; MIC, minimal 
important change; SRM, standardised response mean; MCID, minimal clinically important difference; GRS, Guyatt’s responsiveness statistic.
aThe values of modified Harris Hip Score-Gr at initial assessment and reassessment expressed as mean ± standard deviation.
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deleted” revealed that the most important item was the 
“Function: Gait–Limp”. This may be explained by the fact 
that 83.4% of our sample consisted of patients with grade 
3 or 4 hip OA. It has been reported that in advanced stages 
of the disease, like most of our participants, the most com-
mon symptoms are pain and limited active and passive hip 
motion, which affects hip mobility and leads to limping 
and disturbed walking dynamics.42

Test-retest reliability indicates the stability of an indi-
vidual’s response over time.38 The mHHS-Gr total scores 
revealed no statistically significant difference (p = 0.277) 
between the 2 assessments (day-1 and day-8), indicating 
excellent stability of the patient’s response over time. 

Moreover, mHHS-Gr’s ICC values were above the level 
of 0.90 (p < 0.001) (38). It has been reported that a PRO 
may be deemed adequate for use in groups (research) if 
the ICC is >0.8 and for use in patients (clinical practice) 
if the ICC is >0.9.43,44

Reproducibility (agreement) refers to the degree to 
which one can assign qualitative meaning to quantitative 
scores.45 There was neither a ceiling nor a floor effect in 
mHHS-Gr total scores. The SEM was less than four points 
compared with a total score of 100 points. The mHHS-Gr 
MIC was smaller than its MDC; this indicated that the 
agreement of mHHS is satisfactory and scored positive by 
the criteria of Terwee et al.38

Although the reliability properties of the original/
English questionnaire of the ΜHHS were not explored by 
Byrd and Jones,11 there are studies involving patients who 
had undergone hip arthroscopic surgery,14 or young adults 
with femoroacetabular impingement,46 in which mHHS 
test-retest ICC values were reported. In the study of Kemp 
et al.14 the ICC value was 0.91, consistent with our ICC 
value, but in the study of Hinman et al.46 the ICC value was 
0.76. This lower ICC value might be explained by the fact 
that participants did not complete the ΜHHS questionnaire 
again in the second session of this study: instead they com-
pleted a seven-point Likert Global Perceived Effect scale to 
determine if any substantial change in their condition had 
occurred over the interval between test sessions.46

Validity

Our validity results showed that the mHHS is adequate for 
use in hip OA patients. mHHS-Gr was significantly associ-
ated with all selected validation criteria, presenting high 

Figure 2. Bland-Altman plot of modified Harris Hip Score 
- Greek version, showing difference in means between initial 
assessment and reassessment: 0.79 (95% CI, −0.65 to +2.24).

Table 3. Validation properties of the modified Harris Hip Score - Greek version.

Construct validity

Validation instruments Modified Harris Hip 
Score - Greek version

p-value

Lower Extremity Functional Scale – Greek version 0.801a <0.001
WOMAC® LK 3.1 Greek for Greece Index–Total –0.783a <0.001
WOMAC® LK 3.1 Greek for Greece Index–Pain –0.728a <0.001
WOMAC® LK 3.1 Greek for Greece Index–Stiffness –0.593a <0.001
WOMAC® LK 3.1 Greek for Greece Index–Function –0.786a <0.001
Timed Up and Go Test –0.547b <0.001
9stairs-ascend/descend Test –0.575b <0.001

Known-groups validity

Subgroups of patientsc n Mean ± SDd p-value

TUG performance time less than 13.5 sc 48 59.00 ± 14.16 <0.001
TUG performance time more than 13.5 sc 41 44.62 ± 13.32

aPearson’s correlation coefficient.
bSpearman’s correlation coefficient.
cTimed Up and Go performance time (cut-off 13.5 s) as estimated variable.
dMean ± SD of modified Harris Hip Score - Greek version at initial assessment.
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correlations with the other PROs, whereas correlations 
with the PPMs were moderate. Regarding PROs, the 
strongest correlations were observed between mHHS-Gr, 
LEFS-Gr and the WOMAC-Gr outcomes – apart from the 
WOMAC-Gr Stiffness subscale. This moderate associa-
tion may be explained by the fact that the subscale was 
designed to examine the stiffness experienced by the 
patient after first waking in the morning and later in the 
day after rest or sitting, not during the functional activities 
described in ΜHHS items. Correlations with the TUG test 
and the 9S-A/D test were also moderate, but this is not 
surprising because PPMs and PROs assess different 
dimensions of functionality (patient ability vs. patient  
perception).47 However, the 2 assessment methods provide 
complementary information,48 and both are needed to per-
ceive the multidimensional impact of functionality in its 
entirety,47 which is essential to clinical research and prac-
tice involving hip OA patients.

In 2 studies involving hip arthroscopy populations, the 
construct validity of the mHHs was investigated against 
the Medical Outcomes Study 36-Item Short-Form Health 
Survey (SF-36). In the study of Kemp et al.14, the Pearson’s 
r correlation coefficients for SF-36–Bodily Pain, SF-36–
Physical functioning and SF-36–Physical Role were 
0.604, 0.703 and 0.480, respectively (p = 0.05). In the 
study of Potter et al.49 Pearson’s r for the SF-36–Bodily 
pain, SF-36–Physical functioning and the SF-36–Physical 
Component subscale scores were 0.73, 0.71 and 0.85, 
respectively (p < 0.001). Even though these studies 

involved hip arthroscopy populations, the values of the 
correlation coefficients are in line with our results. The 
mHHS appears to be a hip-specific PRO measure that can 
be used in young-to-middle aged as well as elderly groups 
of patients who exhibit various hip disorders and is com-
patible with generic (SF-36), disease-specific (WOMAC) 
or functional-specific (LEFS) PROs.

Known-group analysis of the data showed that mHHS-
Gr could detect statistically significant differences in total 
scores between subgroups of patients, based on their func-
tional status according to TUG test performance time. This 
is also the first study of ΜHHS to determine specific cut-off 
points for functional status. Our results indicate that hip OA 
patients with an ΜHHS-Gr total score < 52.5 have an 81% 
probability of having a TUG test performance time <13.5, 
while patients with ΜHHS-Gr >52.5 have a 71% probabil-
ity of having a TUG test performance time >13.5. Therefore, 
an ΜHHS-Gr score of 52.5 may be used as a cut-off value 
for the determination of the functional status of hip OA 
patients with similar characteristics to our study group.

Responsiveness

Assessment of sensitivity to change is important if a PRO 
is to be used in treatment evaluation studies. The large 
magnitude of SRM and GRS in this study provides evi-
dence that mHHS-Gr is a responsive assessment with 
excellent ability to detect treatment effects. The SRM 
value in this study is higher than that reported by pre- 
vious studies, which reported moderate responsiveness 
(SRM = 0.588) of mHHS in younger patients who had 
undergone hip arthroscopy.14 This difference in SRM val-
ues may be explained by the fact that patients of our 
responsiveness sub-sample were suffering from late stages 
of hip OA and had low mHHS-Gr preoperative scores 
(35.19 ± 7.73) compared with the hip arthroscopy patients 
(86.6 ± 14.6).14 It has been reported that severely affected 
patients are more likely to experience larger improvements 
from major surgical treatment.50 Overall, the mHHS is a 
sensitive PRO measure for detecting changes in patient’s 
pain and function after treatment.

Strengths and limitations

The restrictive inclusion and exclusion criteria for the par-
ticipant’s selection from a well-defined target population are 
an important strength of this study. In addition, our sample 
size of 90 participants meets the guidelines for the explora-
tion of psychometric properties of PRO questionnaires.35,36 
Moreover, conducting an extensive reliability study and 
examining the validity properties of the mHHS against both 
PROs and PPMs, as well as exploring the questionnaire’s 
responsiveness, added statistical power to our results.

However, the study also has some potential limitations. 
First, since the Harris Hip Score questionnaire has not 

Figure 3. Receiver operating curve (ROC) analysis of the 
modified Harris Hip Score - Greek version using the TUG 
score (cut-off 13.5 seconds) as estimated variable.
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been officially translated into the Greek language, we are 
unable to examine its correlations with mHHS-Gr. 
Furthermore, we did not examine certain mHHS-Gr meas-
urement properties, such as the content or face validity. 
Finally, the study design did not include factor analysis of 
the questionnaire.

Conclusion

The results shown here indicate that the mHHS-Gr ques-
tionnaire has high reliability properties, presenting strong 
correlations with other PROs and satisfactory correlations 
with PPMs, and showed excellent responsiveness in the 
detection of treatment effects. The mHHS could possibly 
be used as a PRO in clinical practice and research to evalu-
ate hip OA patients. Further research is needed in order to 
confirm our results and to explore the questionnaire’s reli-
ability properties in different groups of patients, its valid-
ity properties against other PROs, and its responsiveness 
after treatments other than DAMIS. A broader awareness 
of the findings in the Greek setting would facilitate objec-
tive comparisons between studies with different national 
origins and could contribute to the validity of mHHS in 
future meta-analyses.
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