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Abstract
Purpose  (1) To assess responsiveness of the EQ-5D-5L compared to Oxford hip and knee scores and the SF-12 in osteoar-
thritis patients undergoing total hip (THR) or knee (TKR) replacement surgery; (2) to compare distribution and anchor-based 
methods of assessing responsiveness.
Methods  Questionnaires were mailed to consecutive patients following surgeon referral for primary THR or TKR and 
1 year post-surgery. We assessed effect size (ES), standardized response mean (SRM), and standard error of measurement 
(SEM). Minimum important difference (MID) was the mean change in patients reporting somewhat better in hip or knee, 
health in general, and those who were satisfied with surgery (5-point scales). Responders were compared using MID versus 
1 and 2SEM.
Results  The sample of 537 (50% TKR) was composed of 56% female with a mean age of 64 years (SD 10). EQ-5D-5L ES 
was 1.86 (THR) and 1.19 (TKR) compared to 3.00 and 2.05 for Oxford scores, respectively. MID for the EQ-5D-5L was 
0.22 (THR) and 0.20 (TKR) for patients who rated their hip or knee as somewhat better. There was a wide variation in the 
MID and the percentage of responders, depending on the joint, method of assessment, and the outcome measure. The percent 
agreement of responder classification using 2SEM vs. MID ranged from 79.6 to 99.6% for the EQ-5D-5L and from 69.4 to 
94.8% for the Oxford scores.
Conclusions  Responsiveness of the EQ-5D-5L was acceptable in TKR and THR. Caution should be taken in interpreting 
responder to TJR based on only one method of assessment.

Keywords  EQ-5D-5L · Validity · Responsiveness · Total joint replacement · Minimum important difference · Oxford hip 
and knee Scores

Introduction

Osteoarthritis (OA) is a chronic, generally progressive, dis-
ease characterized by symptoms of joint pain and functional 
disability [1]. As the disease progresses, joint pain worsens 

and performing the activities of daily life becomes difficult. 
Health-related quality of life (HRQL) worsens, commonly 
affecting ones mood, the ability to have a comfortable sleep, 
and to enjoy social and recreational activities. When con-
servative treatment is no longer effective in providing pain 
relief and functional improvement, a decision may be made 
for total joint replacement (TJR).

Increasing emphasis is being placed on patient-reported 
outcome measures (PROMs) to evaluate the impact of 
TJR on HRQL [2, 3]. On average, patients undergoing 
TJR achieve significant improvement during the first 6–12 
months following surgery [2, 4]; unfortunately, 7–30% of 
patients report little or no improvement or are not satisfied 
with the surgical results [1, 5–8] with poorer results for knee 
as compared to hip surgery.
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Condition-specific and generic PROMs are often used in 
combination in arthroplasty registries to assess the HRQL of 
patients with TJR [9]. PROMs must be tested in the intended 
population to ensure that they meet acceptable standards 
of reliability and validity. Validity is the degree to which 
empirical evidence and theoretical rationales support the 
interpretability, appropriateness, and usefulness of a score 
[10]. One approach to assessing the validity of a new HRQL 
tool is to compare it with generic and condition-specific 
tools recognized as being reliable and valid in the popula-
tion of interest. Convergent validity is the degree to which 
the scores correlate with other measures that assess a similar 
construct. An important aspect of validity in any outcome 
measure is the instrument’s responsiveness, its ability to 
detect change in health status when it has occurred. While 
condition-specific PROMs usually have higher responsive-
ness, it is important to include generic PROMs to compare 
outcomes across different populations [11].

The EQ-5D-3L is a generic preference-based HRQL 
instrument for describing and valuing health [12]. It is one of 
the most common generic instruments used in arthroplasty 
registries [9] and is useful in economic evaluations where 
utility values are used to calculate quality-adjusted-life-years 
(QALYs) [13, 14]. It is based on a descriptive system that 
defines health in terms of 5 dimensions, each with three 
response options: mobility, self-care, usual activities, pain/
discomfort, and anxiety/depression. Responsiveness of the 
EQ-5D-3L compared to condition-specific measures in TJR 
shows that the EQ-5D-3L is less responsive than Oxford 
hip (OHS) and knee (OKS) scores [3, 13] and other joint-
specific measures [13, 15]. The inability of the EQ-5D-3L 
to discriminate small to moderate differences in health status 
and its poor responsiveness were attributed to the wording 
of mobility [13] and a strong ceiling effect [15]. The three 
response options limit the range of responses for individuals 
with moderate to severe disability [16, 17]. For example, 
the three response options for mobility lack the flexibility 
of responses necessary to describe the mobility limitations 
of OA patients who may need a walking aid but are not 
confined to bed.

The recently developed 5-level EQ-5D, the EQ-5D-5L, 
addresses these issues by expanding the range of responses 
for each dimension from three to five levels and modifies 
the labels for some of the options. Thus, the wording for the 
most severe level of mobility was changed from “I am con-
fined to bed” to “I am unable to walk about” [18]. Respond-
ents also rate their overall health on a 0–100 visual ana-
logue scale (EQ-VAS). The EQ-5D-5L has been compared 
to the EQ-5D-3L in population surveys [19–21] and clinical 
groups [22–26]. Its responsiveness has not been reported in 
longitudinal studies of patients having TJR.

The purpose of this study is twofold: (1) to assess the 
validity of the generic EQ-5D-5L and compare it to two 

commonly used PROMs (condition-specific and generic) 
in patients with OA with total hip (THR) or knee (TKR) 
replacement surgery; validity evidence included ceiling 
effects, convergent validity, and responsiveness; (2) to com-
pare distribution-based and anchor-based methods of assess-
ing responsiveness one year following TJR.

Methods

A questionnaire was administered to consecutive patients 
referred to orthopaedic practices in Halifax, Nova Scotia 
(QE11 Health Sciences Centre) and Winnipeg, Manitoba 
(Concordia Joint Replacement Group) from March 2012 to 
February 2014. In Halifax, the orthopaedic surgeons at the 
QE11 work loosely as a group. They receive about 95% of 
referrals from the Halifax area (Capital District) and approx-
imately 50% of the referrals from the rest of the Province. 
The Concordia Joint Replacement Group consists of four 
orthopaedic surgeons, who practice as a group. They receive 
approximately 50–70% of all referrals in Winnipeg.

Patients meeting the inclusion criteria were adults 
(> 18 years), referred to an orthopaedic surgeon as likely 
candidates for a primary TJR due to OA. Ethics approval 
was obtained from the University of Calgary Conjoint 
Health Research Ethics Board, the University of Manitoba 
Health Research Ethics Board, and the Nova Scotia Health 
Authority Research Ethics Board.

An information sheet and the questionnaire with a 
postage-paid return envelope were mailed shortly after the 
clinic received the referral form. Non-responders received 
a 2-week follow-up reminder and a 4-week repeat survey 
package. Patients were assessed following referral to the 
orthopaedic surgeon to obtain baseline measures and at 
12 months following surgery. A questionnaire was also sent 
following the orthopaedic consultation to assess test–retest 
reliability of the outcome measures.

Outcome measures

Patients completed HRQL questionnaires in the following 
order: the OHS or OKS, the EQ-5D-5L, EQ-VAS, and the 
Short Form 12 (SF-12). The OHS and OKS are 12-item 
questionnaires designed to assess the pain and symptoms of 
patients having THR [27] or TKR [28, 29]. The 12 items, 
each measured on a 5-point scale, assess hip or knee pain, 
mobility (walking, climbing, changing position), self-care 
(washing, drying, putting on socks), and activities such 
as shopping. If 2 or less items were left unanswered, we 
replaced the missing data with the mean value of the other 
responses, as per the scoring protocol for the OHS and OKS 
[29]. Summary scores range from 0 (most severe symptoms) 
to 48 (least symptoms). Because the OHS and OKS were 
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designed specifically for patients having a THR or TKR, 
they were used as the ‘gold standard’ by which to assess 
responsiveness of the EQ-5D-5L. To calculate the EQ-
5D-5L index, we used the value set described by van Hout 
et al. [30] to convert the descriptive system to a summary 
index score. The SF-12 is a generic HRQL questionnaire 
which produces two standardized summary scores, the Phys-
ical (PCS-12) and Mental Component Summary (MCS-12) 
[31], that range from 0 (worst) to 100 (best). The PCS-12 
includes items related to general health, daily activities, and 
the effect of pain on work, both outside and inside the home. 
The MCS-12 items assess emotional health and social activi-
ties. The SF-12 has been used to assess HRQL in TJR [11, 
13, 32, 33]. Missing values for the EQ-5D-5L and SF-12 
were not imputed. Demographic variables included age, sex, 
marital status, education, the problem joint (hip or knee), 
and previous TJR in another joint.

Data analysis

The distribution of the EQ-5D-5L responses across the five 
levels at baseline and 12 months post-surgery was assessed. 
This assessment is important to ensure that the scale cap-
tures the full range of potential responses and that changes 
over time can be detected. Significant ceiling or floor effects 
weaken the ability of a scale to detect deterioration or 
improvement in health status. Ceiling and floor effects were 
calculated as the percentage of patients showing the best and 
worst health status for each outcome measure at baseline and 
12 months post-surgery. Floor or ceiling effects were defined 
as small (1–15%) and moderate (> 15%) [34].

Convergent validity

We assessed the convergent validity between the EQ-5D-5L 
and the other measures with Pearson correlation coefficients. 
Based on the literature [3, 13, 35, 36] and item content, we 
hypothesized that the EQ-5D-5L and the Oxford scores 
would correlate strongly (> 0.5), as both tools measure 
similar constructs relevant to OA patients— pain, mobility, 
self-care, and activities. We hypothesized that correlations 
of the EQ-5D-5L with the PCS-12 and EQ-VAS would be 
moderate (0.3–0.5) as both the PCS-12 and EQ-VAS assess 
general health, and that correlations with the MCS-12 would 
be moderate, as only one EQ-5D-5L item assesses mental 
health.

Responsiveness

Because responsiveness coefficients vary by population and 
context, multiple approaches to assessing responsiveness are 
recommended [37]. We used both distribution-based and 
anchor-based approaches. Distribution-based approaches 

include the effect size (ES), the standardized response mean 
(SRM), and the standard error of measurement (SEM). The 
ES was calculated by dividing the difference in baseline and 
1-year post-surgery scores by the standard deviation of the 
baseline score. The SRM was calculated by dividing the 
difference score by the standard deviation of the difference. 
Effect sizes were interpreted as small (0.2), medium (0.5), 
and large (0.8) using Cohen’s conventions [38].

All PROM assessments have some measurement error 
[39]. The SEM is the standard deviation of errors of meas-
urement associated with scores from a particular group of 
respondents. The SEM is a function of the reliability of the 
score and the standard deviation of scores. As reliability 
coefficients are sample dependent, we used intraclass corre-
lation coefficients (ICCs) to assess the test–retest reliability 
of the outcome measures at 2 timepoints: at baseline and 
following surgeon consultation. The SEM was calculated 
by taking the square root of one minus the reliability and 
multiplying the results by the standard deviation of each out-
come measure at baseline. A 95% confidence band (2SEM) 
was used around individual scores to provide ‘reasonable 
limits’ for estimating the true score [40]. The 2SEM crite-
rion was applied to the change scores to classify patients as 
improved (> 2SEM) versus the same or worse. The proce-
dure was repeated using a 68% confidence band (1SEM). 
Both 2SEM [41, 42] and 1SEM [43] have been used in the 
HRQL literature to classify patients into those who improved 
following surgery vs. those who did not.

The anchor-based method examines the relationship 
between a PROM and an external criterion or anchor, either 
clinical or patient-based, to assign people into several groups 
reflecting their degree of change [39, 44–46]. The minimum 
important difference (MID) is defined as the smallest differ-
ence in a PROM that is perceived by patients as beneficial 
or harmful [37, 39, 47, 48]. MIDs vary by population, con-
text, method, the choice of anchor, the length of follow-up, 
and on the strength of the relationship between the HRQL 
measure and the anchor [37, 39]. A fundamental aspect 
of estimating the MID is to define the subgroup of people 
who have changed by a minimal amount [37, 39, 47]. The 
most commonly used method to identify this subgroup is 
to ask patients at follow-up how much they have changed 
since baseline; this is also referred to as a global transition 
question [37, 46]. Typically the MID is assessed by asking 
patients to provide a retrospective judgment about whether 
they have improved, stayed the same, or worsened over a 
period of time; the mean change of the group that reports 
getting a little better or a little worse is used to estimate 
the MID [37, 46, 47]. This is the method that we used. As 
recommended [37, 39], we calculated the MID using three 
different anchor questions, each with five response options, 
1 year following surgery. (1) How would you rate your hip 
or knee now compared to when you first saw the orthopaedic 
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surgeon? (2) How would you rate your health in general now 
compared to when you first saw the orthopaedic surgeon? (3) 
How satisfied are you with your hip or knee replacement? 
The response options for the first two questions were: much 
better, somewhat better, about the same, somewhat worse, 
and much worse. The response options for the satisfaction 
question were: very satisfied, satisfied, neither satisfied nor 
dissatisfied, dissatisfied, and very dissatisfied. We calculated 
the MID as the mean change score between baseline and 
one year post-surgery in patients who rated (1) their hip or 
knee as “somewhat better”, (2) their health in general as 
“somewhat better”, and (3) their satisfaction as “satisfied”.

Any evaluation of the effectiveness of TJR depends on 
the definition of a “successful” treatment [49]. In TJR, the 
MID has been used as a threshold to determine the number 
of patients who are classified as responders to surgery [8, 
50–54] or as having a successful outcome [55]. We used the 

MID as a cutpoint to dichotomize patients into responders 
and non-responders to TJR [8, 51]. Patients with a change 
score greater than the MID were classified as “responders”. 
Finally, we cross-tabulated the responder categories defined 
by the MID with those defined by patients who improved 
using the 1SEM and 2SEM criteria. We calculated the per-
cent agreement for each comparison.

Results

Questionnaires were mailed to 1738 patients who were 
referred to an orthopaedic surgeon; 975 patients returned 
the baseline questionnaire (Fig. 1). There was no significant 
difference in age or sex in responders vs. non-responders. Of 
the responders, 592 were offered and had a TJR; of these, 
541 completed both the baseline and 12-month post-surgery 

Adults referred for orthopaedic 
consulta�on (n=1738)

Pre-consulta�on ques�onnaire 
returned (n=975)

Offered a primary TJR (n=656)

Did not return pre-consulta�on 
ques�onnaire (n=763)

Data available for analysis (n=537)

Returned 12 month post-surgery 
ques�onnaire (n =541) Returned 12 month 

ques�onnaire but missing EQ-
5D-5L data (n=4)

Lost to follow-up (n = 51)

• Died (n=7)
• Moved (n=1)
• Dropped out of study 

(n=5)
• Did not return 12 

month post-surgery
ques�onnaire (n=38)

Had a primary TJR (n=592)

Did not have a primary TJR 
(n=64)

• Declined TJR (n=31)
• Had surgery 

elsewhere (n=20)
• Surgery cancelled 

(n=3)
• Surgery delayed 

(n=6)
• Moved (n=1)
• Died (n=3)

Did not a�end surgeon 
consulta�on (n=14)

Not offered a TJR: not a 
surgical candidate (n=305)

A�ended surgeon 
consulta�on (n=961)

Fig. 1   Flow diagram showing recruitment of patients
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questionnaire. Our sample included 537 patients with base-
line and one-year post-surgery EQ-5D-5L data. Eighty-two 
percent of patients had their surgery in Winnipeg and 18% 
in Halifax. Fifty percent (n = 268) had a knee replacement, 
19% (n = 100) had had a previous TJR on another joint, 56% 
(n = 302) were female, and the mean age was 64.1 years (SD 
10.3). Table 1 provides baseline descriptive statistics for the 
demographics and outcome measures.

Table 2 shows the EQ-5D-5L responses for hip and knee 
replacement at baseline and one year post-surgery. All 
response options were used for mobility and self-care at both 
time points. The majority of patients reported “moderate” 
or “severe” problems at baseline for mobility, usual activi-
ties, and pain, and “slight” or “no” problems one year post-
surgery for all five dimensions. Ceiling effects for the EQ-
5D-5L post-surgery ranged from 18 (TKR) to 36% (THR) 
compared to 5% and 23%, respectively, for the Oxford scores 
(Table 3). There were no floor effects for the EQ-5D-5L or 
the SF-12.

As hypothesized, correlation coefficients of the EQ-
5D-5L with the Oxford scores were strong; correlation 
of change scores were 0.72 for THR and 0.74 for TKR 
(Table 4). Correlations of EQ-5D-5L change scores with 
the other measures ranged from 0.32 (EQ-5D-5L and MCS-
12) to 0.53 (EQ-5D-5L and PCS-12).

The effect sizes for the EQ-5D-5L were 1.86 (hip) and 
1.19 (knee) (Table 5). These were smaller than effect sizes 
for the Oxford scores (3.00 and 2.05) and the PCS-12 (2.05 
and 1.62), respectively.

The percentage improved with the EQ-5D-5L at one 
year post-surgery based on 2SEM was 77% for THR and 
55% for TKR. This percentage was similar to the PCS-12 
for THR and lower than the Oxford scores (Table 6).

The MID for the EQ-5D-5L was 0.22 (hip) and 0.20 
(knee) for patients who rated their hip or knee, respec-
tively, as somewhat better (Table 7). We did not assess the 
MID for patients who reported their outcomes as some-
what worse, as there were insufficient numbers in this cat-
egory (5 or less). The percentage of patients classified as 
“responders” one year following surgery varied with the 
outcome measure, the anchor, and the surgical joint. The 
percentage of patients who improved using the EQ-5D-5L 
ranged from 57 (health now) to 81% (hip knee now) for 
THR and 54–68%, respectively, for TKR. The percentage 
improved was higher for hip patients than knee patients 
with both the EQ-5D-5L and Oxford scores. Similar to 
the percentage of patients who improved based on exceed-
ing 1 or 2SEM, the percentage of patients categorized as 
“responders” with the MID was generally the highest using 
the Oxford scores.

Table 1   Baseline statistics 
for outcome measures and 
demographics for hip and knee 
replacement patients

EQ-5D-5L index: range − 0.59 (health state worse than death) to 1 (full health)
EQ-VAS (EQ-5D-5L visual analogue scale): range 0 (worst health) to 100 (best health)
Oxford Hip (OHS) or Knee (OKS) score: range 0 (worst) to 48 (best)
PCS-12 Short Form-12 Physical Component Summary: range 0 (worst) to 100 (best)
MCS-12 Short Form-12 Mental Component Summary: range 0 (worst) to 100 (best)
Percent missing data: n missing/total (%):
Age, sex education 0/269 (0.0%); Marital status 2/269 (0.7%)
Age, sex, education 0/268 (0.0%); Marital status 4/268 (1.3%)
Hip EQ-5D-5L 0/269 (0.0%); EQ-VAS 1/269 (0.4%); OHS 0/269 (0.0%); PCS-12 2/269 (0.7%); MCS-12 
2/269 (0.7%)
Knee EQ-5D-5L 0/268 (0.0%); EQ-VAS 3/268 (1.1%); OKS 0/268 (0.0%); PCS-12 1/268 (0.4%); MCS-12 
1/268 (0.4%)

Hip Knee

Mean SD Min Max n Mean SD Min Max n

Outcome measure
 EQ-5D-5L 0.35 0.25 − 0.51 0.80 269 0.39 0.27 − 0.36 0.84 268
 EQ-VAS 65.18 19.39 10.00 100.00 268 65.74 18.57 10.00 100.00 265
 Oxford 17.42 7.76 0.00 40.00 269 17.57 8.08 1.00 42.00 268
 PCS-12 28.54 9.02 10.00 59.91 267 28.59 8.25 6.56 56.71 267
 MCS-12 49.59 12.05 13.45 77.20 267 51.52 12.25 15.64 74.65 267

Demographics
 Age 63.98 10.87 25.18 95.00 269 64.21 9.67 33.52 88.55 268
 Sex F n (%) 139 (52) 269 163 (61) 268
 Married/partner n (%) 211 (79) 267 189 (72) 264
 Post high school n (%) 174 (65) 269 158 (59) 268
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On the suggestion of a reviewer, using a method described 
by Lee et al. [56], we compared our MID results to those 
using simple linear regression. Lee et al. calculated a mini-
mal clinically important difference (MCID), using the slope 

of the line for the change in outcome measure for levels of 
patient satisfaction. Using this method, we used the slope 
of the line for the change in EQ-5D-5L and Oxford scores 
for the change according to level of perceived improvement 

Table 2   Distribution of 
EQ-5D-5L responses at baseline 
and 1 year post-surgery

hip (n = 269); knee (n = 268)

Dimension Level of severity

No problems Slight prob-
lems

Moderate 
problems

Severe prob-
lems

Extreme/
unable

Baseline hip
 Mobility 8 3.0% 22 8.2% 112 41.6% 121 45.0% 6 2.2%
 Self-care 39 14.5% 72 26.8% 123 45.7% 34 12.6% 1 0.4%
 Usual activities 6 2.2% 29 10.8% 109 40.5% 100 37.2% 25 9.3%
 Pain/discomfort 0 0.0% 12 4.5% 114 42.4% 113 42.0% 30 11.2%
 Anxiety/depression 84 31.2% 89 33.1% 77 28.6% 13 4.8% 6 2.2%

Post-surgery hip
 Mobility 167 62.1% 64 23.8% 25 9.3% 11 4.1% 2 0.7%
 Self-care 209 77.7% 43 16.0% 13 4.8% 2 0.7% 2 0.7%
 Usual activities 167 62.1% 67 24.9% 26 9.7% 9 3.3% 0 0.0%
 Pain/discomfort 131 48.7% 94 34.9% 33 12.3% 10 3.7% 1 0.4%
 Anxiety/depression 212 78.8% 37 13.8% 20 7.4% 0 0.0% 0 0.0%

Baseline Knee
 Mobility 2 0.7% 25 9.3% 134 50.0% 103 38.4% 4 1.5%
 Self-care 91 34.0% 75 28.0% 77 28.7% 24 9.0% 1 0.4%
 Usual activities 6 2.2% 45 16.8% 117 43.7% 78 29.1% 22 8.2%
 Pain/discomfort 2 0.7% 16 6.0% 109 40.7% 109 40.7% 32 11.9%
 Anxiety/depression 113 42.2% 70 26.1% 65 24.3% 17 6.3% 3 1.1%

Post-surgery knee
 Mobility 116 43.3% 78 29.1% 55 20.5% 17 6.3% 2 0.7%
 Self-care 197 73.5% 47 17.5% 19 7.1% 4 1.5% 1 0.4%
 Usual activities 120 44.8% 82 30.6% 48 17.9% 12 4.5% 6 2.2%
 Pain/discomfort 68 25.4% 110 41.0% 66 24.6% 19 7.1% 5 1.9%
 Anxiety/depression 174 64.9% 63 23.5% 20 7.5% 5 1.9% 6 2.2%

Table 3   Floor and ceiling 
effects for outcome measures 
for hip and knee (percent)

EQ-5D-5L EQ-VAS Oxford PCS-12 MCS-12

Hip
 Ceiling
  Baseline 0.0 0.7 0.0 0.0 0.0
  Post-surgery 35.7 4.9 23.2 0.0 0.0

 Floor
  Baseline 0.0 0.0 1.1 0.0 0.0
  Post-surgery 0.0 0.0 0.0 0.0 0.0

Knee
 Ceiling
  Baseline 0.0 1.1 0.0 0.0 0.0
  Post-surgery 18.3 4.9 4.5 0.0 0.0

 Floor
  Baseline 0.0 0.0 0.0 0.0 0.0
  Post-surgery 0.0 0.0 0.0 0.0 0.0
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in the hip or knee. We collapsed the levels of improvement 
into three groups: “much better”, “somewhat better”, and 
“about the same/worse” due to small numbers in the “about 
the same” or “worse” groups. The MCID for the EQ-5D-5L, 
identified by simple linear regression, was 0.24 (95% CI 
0.11–0.37) and 0.20 (95% CI 0.12–0.27) for THR and TKR, 
respectively. The analysis was repeated for the OHS and 
OKS; results were 12.26 (95% CI 7.98–16.53) for the OHS 
and 8.78 (95% CI 6.36–11.21) for the OKS.

We cross-classified the responder category (responder or 
non-responder) of the change scores with the MID (calcu-
lated with 3 different anchors) versus 1 and 2 SEM. Table 8 
shows the percent agreement for responder category for each 
comparison. For the EQ-5D-5L, there was 96.3% agree-
ment in the classification of responder status for THR and 
86.9% for TKR using 2 SEM vs. the MID with hip or knee 
improvement as the anchor. A comparison of the percent-
age of patients who were classified in the same category 
(responder or non-responder) using 2SEM versus the MID 
showed agreement between 79.6 and 99.6% with the EQ-
5D-5L and between 69.4% and 94.8% with the Oxford 
scores. The percentage agreement using the two methods 
was generally higher with 2SEM compared to 1SEM for the 
Oxford scores and EQ-5D-5L.

Table 4   Correlation coefficients of EQ-5D-5L with other outcome 
measures

Pearson correlation coefficients all sig (p < 0.001)

Baseline Change scores

Hip Knee Hip Knee

Oxford 0.78 0.79 0.72 0.74
PCS-12 0.49 0.45 0.48 0.53
MCS-12 0.37 0.45 0.33 0.32
EQ-VAS 0.39 0.31 0.37 0.43

Table 5   Effect size (ES) and 
standardized response mean 
(SRM) for outcome measures 
for hip and knee

Sample size (% missing data) for ES and SRM (Baseline and 12-month post-surgery data) for each out-
come measure: Hip: EQ-5D-5L n = 269 (0.0%); EQ-VAS n = 268 (0.4%); OHS n = 267 (0.7%); PCS-12 
n = 259 (3.7%); MCS-12 n = 259 (3.7%). Knee: EQ-5D-5L n = 268 (0.0%); EQ-VAS n = 264 (1.5%); OKS 
n = 268 (0.0%); PCS-12 n = 257 (4.1%); MCS-12 n = 257 (4.1%)
ES effect size, SRM standardized response mean

Joint EQ-5D-5L EQ-VAS Oxford PCS-12 MCS-12

ES SRM ES SRM ES SRM ES SRM ES SRM

Hip 1.86 1.53 0.88 0.90 3.00 2.29 2.05 1.54 0.47 0.50
Knee 1.19 1.04 0.63 0.55 2.05 1.54 1.62 1.15 0.15 0.17

Table 6   Percent of patients 
improved > 1 and > 2 standard 
errors of measurement (SEM)

a ICC Intraclass correlation coefficient based on test–retest reliability. Sample size for ICCs: EQ-5D-5L 
(n = 591); EQ-VAS (n = 586); Oxford scores (n = 585); PCS-12 (n = 548); MCS-12 (n = 548)
b SEM standard error of measurement

ICCa Baseline SD 1SEMb 2SEMb % improved 
1SEM

% 
improved 
2SEM

Hip
 EQ-5D-5L 0.75 0.25 0.13 0.25 87.4% 77.3%
 EQ-VAS 0.59 19.39 12.42 24.83 54.1% 31.3%
 Oxford hip score 0.82 7.76 3.29 6.59 96.3% 94.0%
 PCS-12 0.66 9.02 5.26 10.52 84.6% 73.4%
 MCS-12 0.72 12.05 6.38 12.75 42.5% 27.0%

Knee
 EQ-5D-5L 0.75 0.27 0.13 0.27 74.5% 54.7%
 EQ-VAS 0.59 18.54 11.87 23.75 43.3% 25.5%
 Oxford knee score 0.82 8.10 3.43 6.87 88.8% 83.9%
 PCS-12 0.66 8.25 4.81 9.62 79.0% 64.2%
 MCS-12 0.72 12.25 6.48 12.97 32.7% 14.4%
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Discussion

In this study, we assessed the convergent validity and 
responsiveness of the EQ-5D-5L and compared it to 

condition-specific and generic PROMs in patients who 
had either THR or TKR. We also compared both distri-
bution-based and anchor-based methods of assessing 
responsiveness. Baseline Oxford scores and PCS-12 were 
similar to pre-TJR scores in other studies [3, 57, 58], while 
EQ-5D-5L index scores were similar to pre-surgery EQ-
5D-3L index scores in THR [13] and TJR [3] patients. 
The baseline MCS-12 was similar to other pre-TJR scores 
[11, 57] and healthy population norms [31]. Compared 
to EQ-5D-3L rheumatology studies where the majority 
of patients used level 2 (some to moderate) for mobil-
ity, usual activities, and pain/discomfort [16, 35, 59], 
responses to the EQ-5D-5L were more evenly distributed 
across the five levels.

Ceiling effects for the EQ-5D-5L one year following 
surgery were moderate (> 15%) but were less than those 
reported for the EQ-5D-3L at 6 months [60] and one year 
post-surgery [13, 15], which was reported as high as 84% 
[15]. The post-surgery ceiling effect for the OHS was also 
moderate and has been reported in other studies for the 
OHS and OKS [33, 61].

Convergent validity

Our results supported the convergent validity of the EQ-
5D-5L in TJR. Both baseline and change score correlations 
between the EQ-5D-5L and Oxford scores were strong and 
similar to those in a cross-sectional study of TJR [35]. 
Correlations were stronger than those between the EQ-
5D-3L and Oxford scores reported in other studies [3, 13, 
35, 36].

Table 7   Minimum important 
difference (MID) and percent 
improved for each outcome 
measure for hip and knee

Minimum important difference (MID) based on mean change score between baseline and 1-year post-sur-
gery for each response
Percent improved based on change score > MID
a How would you rate your hip or knee now compared to when you first saw the orthopaedic surgeon?
b How would you rate your health in general now compared to when you first saw the orthopaedic surgeon?
c How satisfied are you with your hip or knee replacement?

Anchor Response EQ-5D-5L EQ-VAS Oxford 
Score

PCS-12 MCS-12

MID % MID % MID % MID % MID %

Hip
 Hip/kneea Somewhat better 0.22 81 1.35 79 10.68 89 4.15 88 3.60 52
 Healthb Somewhat better 0.41 57 9.34 67 19.93 68 13.42 64 5.91 44
 Satisfactionc Satisfied 0.30 72 13.09 54 17.56 75 14.11 63 2.88 54

Knee
 Hip/kneea Somewhat better 0.20 68 0.42 72 11.13 69 3.47 81 3.84 40
 Healthb Somewhat better 0.28 54 7.75 57 16.49 53 11.96 53 2.03 49
 Satisfactionc Satisfied 0.26 56 9.90 55 13.45 64 10.20 63 1.78 49

Table 8   Percent agreement of responder category (responder or non-
responder) with minimum important difference (MID) vs. 1 and 2 
standard errors of measurement (SEM)

Anchor MID versus 2SEM MID versus 1SEM

Hip (%) Knee (%) Hip (%) Knee (%)

EQ-5D-5L
 Hip or knee now 96.3 86.9 93.7 92.9
 Health now 79.6 99.6 69.5 79.5
 Satisfaction 94.4 98.9 84.4 81.0

EQ-VAS
 Hip or knee now 52.2 53.8 75.0 71.6
 Health now 64.6 68.2 87.3 86.0
 Satisfaction 77.6 70.1 99.6 87.9

Oxford
 Hip or knee now 94.8 85.8 92.5 81.0
 Health now 73.8 69.4 71.5 64.6
 Satisfaction 80.9 80.2 78.7 75.4

PCS-12
 Hip or knee now 85.7 83.3 96.9 98.1
 Health now 91.1 89.1 79.9 74.3
 Satisfaction 90.0 98.8 78.8 84.0

MCS-12
 Hip or knee now 75.3 73.9 90.7 92.2
 Health now 83.0 65.8 98.5 84.0
 Satisfaction 72.6 65.8 88.0 84.0
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Responsiveness

Although effect sizes for the EQ-5D-5L were large (> 0.8), 
they were smaller than effect sizes for the Oxford scores and 
the PCS-12. Compared to the few studies that have reported 
ES for the EQ-5D-3L in TJR, effect sizes for the EQ-5D-5L 
in our study were higher than those reported for the EQ-
5D-3L in THR patients [13] and similar in TKR patients 
[15] one year following surgery. ESs for Oxford scores were 
similar to those in other studies of patients with TKR [3] and 
THR [13, 33, 58]. In a comparison of responsiveness of the 
OHS and EQ-5D-3L, Dawson et al. [62] also found a larger 
ES for the OHS one year following revision hip replacement. 
ICCs were similar or lower than those in the few studies that 
have reported test–retest reliability in similar populations 
[28, 35, 63, 64]. The percentage improved using 2SEM was 
higher for hip patients than knee patients for all outcome 
measures. This is consistent with other studies that report 
a higher percentage of patients showing improvement with 
hip vs. knee surgery [4, 11].

We assessed MIDs using three patient-rated questions as 
anchors: perceived change in health status, change in hip or 
knee, and satisfaction with surgery 12 months following sur-
gery. The MID for each PROM varied depending on the joint 
(hip or knee) and the anchor. For the EQ-5D-5L, the MID 
ranged from 0.20 (hip or knee somewhat better for TKR) to 
0.41 (health somewhat better for THR). In comparison, Wal-
ters and Brazier reported a MID of 0.12 for the EQ-5D-3L 
for TKR patients who reported some change in health from 
baseline to 6 months [65]. Although there is some concern 
regarding the application of the MID for preference-based 
HRQL instruments in cost-effectiveness analysis [66], the 
EQ-5D-5L is also used in clinical evaluation, where the MID 
is well accepted. Our results for the MID of 11 points for 
OHS and OKS for patients who reported their hip/knee prob-
lem as “somewhat better” were similar to the mean values 
reported by Beard et al. [58] of 11 and 9 points for the OHS 
and OKS, respectively, for patients whose response was “a 
little better” to a question that compared their hip/knee prob-
lems 6 months after surgery to before surgery. Our MID 
results for the EQ-5D-5L and Oxford scores were similar to 
those using the linear regression method described by Lee 
et al. [56].

The percentage of responders with the EQ-5D-5L varied 
from 54 to 81%, and with the Oxford scores, from 53 to 89%. 
In comparison, other longitudinal studies using the MID to 
determine responders to TJR have reported the percentage 
of responders ranging from 54 [53] to 70% [8, 11]. However, 
these studies varied in method of assessment, hip or knee 
joint, and follow-up time. Similar to other studies [11, 53, 
67], a higher percentage of hip patients compared to knee 
patients were classified as responders. Of the three anchors 
we used to calculate the MID, the anchor most specific to 

the hip and knee outcome resulted in the highest proportion 
of responders for all outcome measures except the MCS-12.

Comparison of distribution and anchor‑based 
methods

Both distribution-based and anchor-based methods have 
been used to assess responsiveness but few studies have 
done concurrent comparisons of both approaches [43, 46, 
68]. In our study, the percent agreement (responders or 
non-responders) using 2SEM and MID ranged from 79.6 
to 99.6% for the EQ-5D-5L and from 69.4 to 94.8% for 
the Oxford scores. The percent agreement varied with the 
measures but was generally higher with 2SEM compared to 
1SEM with the EQ-5D-5L and Oxford scores. In contrast, 
Wyrwich et al. [43] reported that 1SEM closely approxi-
mated the MCID in patients with chronic obstructive pul-
monary disease. However, they did not report a comparison 
of the 2SEM with the MCID. Based on a systematic litera-
ture review of the MID, Norman et al. [46] concluded that 
the MID estimates were close to one-half a SD, which is 
equivalent to 1SEM when the test–retest reliability is 0.75. 
However, in one study, this method of defining responders 
resulted in only 54% of patients classified as having a “good 
TJR outcome” 6 months following surgery [53].

Limitations of this study were a poor response rate for 
patients following referral but there was no significant dif-
ference in demographic variables between responders and 
non-responders. Based on the percentage of responders who 
were offered surgery, not all of the non-responders would 
have been surgical patients. This could explain some of the 
non-response, as the survey questions may not have been 
relevant for patients who were not appropriate candidates 
for TJR. However, the majority of surgical patients who 
returned the baseline survey also completed the one year 
follow-up survey. The analysis for test–retest reliability may 
be biased by the orthopaedic consultation between the pre- 
and post-consultation assessments.

Conclusion

This study is the first to report on the responsiveness of the 
EQ-5D-5L in a longitudinal study of patients undergoing 
TJR. Our results support its use as a generic HRQL meas-
ure to be used alongside a condition-specific measure in 
assessing PROMs in primary TJR. Compared to the few 
studies that have assessed the responsiveness of the EQ-
5D-3L in primary TJR [3, 13, 15, 60], the EQ-5D-5L had a 
more even distribution of responses across the five dimen-
sions, less ceiling effect, and a larger ES for THR. Although 
the EQ-5D-5L was less responsive than the Oxford scores, 
this finding is consistent with other comparative studies of 
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condition-specific and generic HRQL measures [15, 41]. We 
showed that there is wide variation in the MID and the per-
centage of responders, depending on the joint assessed, the 
method of assessment, and the outcome measure. Therefore, 
interpretation of a successful outcome of TJR should take 
these factors into consideration. Caution should be taken 
in the interpretation of the percentage of “responders” to 
TJR based on only one method of assessing the responder 
classification.
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