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Responsiveness Comparison of the EQ-5D,
PROMIS Global Health, and VR-12
Questionnaires in Knee Arthroscopy

Sameer R. Oak,* MD, Gregory J. Strnad,* MS, James Bena,† MS, Lutul D. Farrow,* MD,
Richard D. Parker,* MD, Morgan H. Jones,* MD, and Kurt P. Spindler,*‡ MD

Investigation performed at Cleveland Clinic Sports Health, Cleveland, Ohio, USA

Background: The EuroQol 5 dimensions questionnaire (EQ-5D), Patient-Reported Outcomes Measurement Information System
(PROMIS) 10 Global Health, and Veterans RAND 12-Item Health Survey (VR-12) are generic patient-reported outcome (PRO)
questionnaires that assess a patient’s general health. In choosing a PRO to track general health status, it is necessary to consider
which measure will be the most responsive to change after treatment. To date, no studies exist comparing responsiveness among
the EQ-5D, PROMIS 10 Global Health, and the Veterans Rand 12-Item Health Survey (VR-12).

Purpose: To determine which of the generic PROs are most responsive internally and externally in the setting of knee arthroscopy.

Study Design: Cohort study (diagnosis); Level of evidence, 3.

Methods: Fifty patients who underwent knee arthroscopy were surveyed preoperatively and a mean 3.6 months postoperatively,
with 90% follow-up. PROs included the EQ-5D, EQ-5D visual analog scale, PROMIS 10 Global Health (PROMIS 10) physical and
mental components, VR-12 physical and mental components, and the Knee injury and Osteoarthritis Outcome Score (KOOS)–pain
subscale. Internal responsiveness was evaluated by performing paired t tests on the changes in measures and calculating 2
measures of effect size: Cohen d and standardized response mean (SRM). External responsiveness was evaluated by comparing
Pearson correlation measures between the disease-specific reference KOOS-pain and generic PROs.

Results: For internal responsiveness, 3 PROs showed a statistically significant improvement in score after treatment (EQ-5D:
þ0.10 [95% CI, 0.06-0.15], VR-12 physical: þ7.2 [95% CI, 4.0-10.4]), and PROMIS 10 physical: þ4.4 [95% CI, 2.6-6.3]) and
effect size statistics with moderate change (Cohen d and SRM, 0.5-0.8). Assessing external responsiveness, a high corre-
lation with the disease-specific reference (KOOS-pain score) was found for EQ-5D (0.65), VR-12 physical (0.57), and PROMIS
10 physical (0.77). For both internal and external responsiveness, the EQ-5D, VR-12 physical, and PROMIS 10 physical
showed significantly greater responsiveness compared with the other general PRO measures but no statistical differences
among themselves.

Conclusion: There is no statistical difference in internal or external responsiveness to change among the EQ-5D, VR-12 physical,
and PROMIS 10 physical instruments. In tracking longitudinal patient health, researchers and administrators have the flexibility to
choose any of the general PROs among the EQ-5D, VR-12 physical, and PROMIS 10 physical. We recommend that any study
tracking PROs in knee arthroscopy include 1 of these generic instruments.
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Patient-reported outcomes (PROs) are questionnaires com-
pleted by patients to assess their perception of health,
function, and quality of life. PROs have widespread appli-
cations, including clinical trials, national registries, and
cohort studies.6,8,10,17 PROs have also been used exten-
sively in comparative effectiveness research, comparing
quality of institutions and providers and potentially decid-
ing health care reimbursements.1,2 Utilizing PROs in
orthopaedics and knee arthroscopy is valuable because it
allows tracking and evaluating the effectiveness of surgical
interventions in a patient-centered fashion.
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Two types of PROs exist: generic and disease specific.
Generic PROs aim to assess patients’ general health status
by measuring multiple domains and are valuable in com-
paring health across a range of disease processes. Disease-
specific PROs focus on the impact of a single condition. The
EuroQol 5 dimensions questionnaire (EQ-5D), Patient-
Reported Outcomes Measurement Information System
(PROMIS) 10 Global Health, and Veterans RAND 12-
Item Health Survey (VR-12) are generic PRO question-
naires that assess and report patient general health and
well-being. The EQ-5D is a preference-based measure
designed to monitor health status over time and assess val-
uation of health status based on established population-
specific indexes.20 The EQ-5D has shown applicability in
randomized controlled trials, observational studies, and
surveys in every medical subspecialty.20 The PROMIS 10
Global Health questionnaire (PROMIS 10) was developed
by the National Institutes of Health to efficiently assess
generic health-related quality of life compared with popu-
lation norms.13 The VR-12 is a nonproprietary version of
the 12-Item Short Form Health Survey (SF-12) that
assesses health-related quality of life compared with a stan-
dardized reference population.22 Both the PROMIS 10
Global Health and VR-12 are made up of a physical and
mental component scores, while the EQ-5D is split into the
EQ-5D composite score and a visual analog scale (VAS).

Responsiveness to change is an important characteristic
necessary in PROs. Responsiveness is made up of ‘‘internal
responsiveness,’’ or the ability of a PRO to change over a
time frame, and ‘‘external responsiveness,’’ or the extent
that changes in a PRO over time relates to corresponding
changes in a meaningful reference PRO.15 In choosing a
PRO to track patient general health status on an institu-
tional level, it is necessary to consider which measure will
be the most responsive to changes. To date, no studies exist
comparing the responsiveness among the PROMIS 10
Global Health, EQ-5D, and VR-12. It is difficult to choose
an instrument to use in future tracking of longitudinal
patient health without this information. We sought to
answer which of the 3 general PROs were most responsive
internally and externally in the setting of knee arthroscopy.

METHODS

Study Design and Patient Selection

A prospective observational study design was used. Fifty
consecutive patients undergoing knee arthroscopy were
recruited from an outpatient surgery center. Inclusion crite-
ria included patients between the ages of 18 and 70 years
undergoing any knee arthroscopic procedure. Exclusion cri-
teria were patients who underwent a procedure that was
primarily open/nonarthroscopic as well. For example,
patients were excluded if they underwent a knee arthroscopy
in conjunction with an open Fulkerson osteotomy. Patients
were surveyed using the EQ-5D, PROMIS 10, VR-12, and the
Knee injury andOsteoarthritis Outcome Score (KOOS) ques-
tionnaires preoperatively. Patients were contacted at a min-
imum of 3 months postoperatively and asked to respond to

the same set of PROs. Patients were compensated with a $15
gift card for participation. Study data were collected and
managed using Research Electronic Data Capture (RED-
Cap) tools. REDCap is a secure, web-based application
designed to support data capture for research studies.11

Patient-Reported Outcomes

The EQ-5D is a generic measure of health-related quality
of life that assesses 5 dimensions: mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression. The
measure is made up of 5 questions with 3 levels for each
answer (no problem, some or moderate problems, and
extreme problems), which creates 243 potential health
states.20 The EQ-5D scores are applied to population-
specific valuations of health states to result in a single index
value. Based on United States population standards, scores
on the EQ-5D range from –0.11 to 1, with ‘‘0’’ meaning dead
and ‘‘1’’ meaning perfect health.23 Negative index values
represent a state worse than dead. The EQ-5D also contains
a VAS (EQ-5D VAS) that asks patients to rate their general
health status on a 0 to 100 scale. The EQ-5D has shown
validity, reliability, and responsiveness in diverse applica-
tions, including urinary incontinence, rheumatoid arthritis,
chronic pain, and inflammatory bowel disease.5,12,19,24,27

The PROMIS 10 is a 10-question survey that assesses
generic health-related quality of life compared with popu-
lation norms. PROMIS 10 gives a summary indicator of
health status by assessing 5 domains: physical function,
fatigue, pain, emotional distress, and social health.13 Nine
of 10 questions are answered using 5-point Likert scales,
and the 10th question is answered using a numerical rat-
ing scale. The PROMIS 10 does not yield an overall score
but gives physical health and mental health component
scores that are transformed to t score distributions with
a mean of 50 and standard deviation of 10.13 PROMIS 10
physical and mental scores have shown adequate reliabil-
ity and construct validity in a large 21,000-patient sample
from the United States general population.3

The VR-12 questionnaire is a nonproprietary variant of
the SF-12 questionnaire meant to assess health-related
quality of life. The VR-12 differs from the SF-12 in that it
uses 5-point response choices, which give the VR-12 better
floor and ceiling effects.22 The VR-12 includes 12 questions
that do not give an overall score but yield a physical and
mental component score, which are standardized to the
United States population with a mean of 50 and SD of 10.
The EQ-5D, EQ-5D VAS, PROMIS 10 physical, PROMIS 10
mental, VR-12 physical, and VR-12 mental were selected as
general PROs in this study because of their common and
widespread use in multiple settings and easy availability to
researchers. Although each general PRO differs slightly in
the domains measured, with pain and physical function
likely being most relevant to knee arthroscopy, this study
used component summary scores to evaluate their capacity
to act as overall measures of health-related quality of life.

The KOOS is a questionnaire intended to quantify
patients’ opinions about knee osteoarthritis and injuries
that lead to posttraumatic osteoarthritis such as ligament,
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meniscal, or chondral damage. The scale is made up of
42 questions measuring the following 5 subscales: pain,
symptoms, activities of daily living, sports and recreation,
and knee-related quality of life. Patients are asked to rate
their experiences over the past week on a 5-point Likert
scale.4 The KOOS was asked as a disease-specific reference
measure to assess external responsiveness of the general
PROs. The KOOS–quality of life and KOOS-pain subscales
are the most responsive to change after knee surgeries,21

and KOOS-pain was used as the reference in the current
study. The KOOS has shown validity and high reliability in
all subscales in the setting of anterior cruciate ligament
(ACL) reconstruction, meniscal injury, knee osteoarthritis,
and cartilage lesions.4

Statistical Analysis

When determining sample size comparing responsiveness
between PROs, it was assumed that testing was to be done
based on t statistics evaluating the correlation between
PRO measures. Since little was known regarding the asso-
ciation between PRO measures, it was assumed that a mod-
erate correlation of 0.5 would be important. A sample size
greater than 34 patients would have had at least 90% power
to detect this association. Calculations for sample size were
made using G*Power1 (version 3.1), and 2-sided testing
with a significance level of 5% was assumed. Fifty patients
were enrolled in the current study, based on the above sam-
ple size calculations, as well as more general guidance from
Terwee et al.25 Internal responsiveness was evaluated by
performing paired t tests on the changes in measures and
calculation of 2 measures of effect size: Cohen d and stan-
dardized response mean (SRM). Measures of near 0.2 rep-
resent small effect sizes, values at 0.5 represent moderate
effect sizes, and values of 0.8 represent large effect size
measures.15 To compare Cohen d and SRM measures,
95% bias-corrected bootstrap CIs for each measure and
their differences were calculated. Differences were consid-
ered statistically significant if the 95% CI for the difference
between measures did not cross 0. External responsiveness
was evaluated by calculating Pearson correlation measures
between the KOOS-pain and the other scales in the study.
Comparisons of the correlations were made using the meth-
ods described by Meng et al.18 Comparisons of correlations
used the cocor package.7 The internal and external respon-
siveness for each summary score (EQ-5D, EQ-5D VAS,
PROMIS 10 physical, PROMIS 10 mental, VR-12 physical,
and VR-12 mental) was compared head-to-head. Analysis
was performed using R software (version 3.1). All tests were
2-sided and assumed a significance level of .05.

RESULTS

Patient Characteristics

Fifty patients who were preoperatively recruited had a
mean age (±SD) of 41.0 ± 13.9 years (range, 18-69 years).
The most frequent procedure was a meniscectomy, with the
second most frequent being ACL reconstruction (Table 1).

TABLE 1
Distribution of Arthroscopic Procedures (N ¼ 50 patients)a

Procedure n (%)

Meniscectomy 31 (62)
Primary ACL reconstruction 15 (30)
Synovectomy 5 (10)
Loose body removal 3 (6)
Plica excision 2 (4)
Chondroplasty 2 (4)
Lysis of adhesions 2 (4)
Microfracture 1 (2)
PCL reconstruction 1 (2)
Revision ACL reconstruction 1 (2)
Osteochondral allograft 1 (2)

aPatients had multiple procedures during surgery. ACL, ante-
rior cruciate ligament; PCL, posterior cruciate ligament.

TABLE 2
PRO Score Distribution and Differencesa

PRO Measure n Preoperative Postoperative Difference

EQ-5D 45 0.69 ± 0.19 0.8 ± 0.19 0.1 ± 0.15
EQ-5D VAS 44 74.43 ± 16.73 75.58 ± 19.61 0.61 ± 16.01
VR-12 physical 45 34.72 ± 11.5 41.93 ± 10.35 7.21 ± 10.59
VR-12 mental 45 52.44 ± 10.8 53.39 ± 11.3 0.95 ± 9.19
PROMIS 10

physical
44 43.88 ± 8.69 48.54 ± 8.91 4.4 ± 6.11

PROMIS 10
mental

45 50.97 ± 9.42 51.52 ± 10.44 0.54 ± 6.54

KOOS-pain 45 48.58 ± 22.68 73.95 ± 21.53 25.37 ± 20.2

aData are reported as mean ± SD unless otherwise indicated.
KOOS, Knee injury and Osteoarthritis Outcome Scale; PRO,
patient-reported outcome; PROMIS, Patient-Reported Outcomes
Measurement Information System; VAS, visual analog scale;
VR-12, Veterans RAND 12-Item Health Survey.

TABLE 3
Internal Responsiveness Measuresa

PRO Measure
Mean Change

(95% CI)
P

Value
Cohen

d SRM

EQ-5D 0.10 (0.06 to 0.15) <.001b 0.547 0.704
EQ-5D VAS 0.61 (–4.26 to 5.48) .8 0.037 0.038
VR-12 physical 7.21 (4.03 to 10.39) <.001b 0.627 0.681
VR-12 mental 0.95 (–1.81 to 3.71) .49 0.088 0.103
PROMIS 10

physical
4.40 (2.55 to 6.26) <.001b 0.507 0.721

PROMIS 10
mental

0.54 (–1.42 to 2.51) .58 0.058 0.083

KOOS-pain 25.37 (19.30 to 31.44) <.001b 1.119 1.256

aKOOS, Knee injury and Osteoarthritis Outcome Scale; PRO-
MIS, Patient-Reported Outcomes Measurement Information Sys-
tem; SRM, standardized response mean; VAS, visual analog scale;
VR-12, Veterans RAND 12-Item Health Survey.

bStatistically significant (P < .05).
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Often patients had multiple procedures done during
arthroscopy. Forty-five of 50 patients (90%) were followed
postoperatively at a mean of 3.6 ± 0.8 months (range,
3.0-6.3 months). Five patients were considered lost to
follow-up after failure to return postoperative question-
naires with multiple contact attempts. The pre- and post-
operative PRO score distributions are shown in Table 2.
Interestingly, the postoperative VR-12 physical and PRO-
MIS 10 physical scores were below the population mean.

Internal Responsiveness

Internal responsiveness for each PRO was assessed by test-
ing for change between time points and the effect size sta-
tistics: Cohen d and SRM (Table 3). Of the scales evaluated,
the EQ-5D, VR-12 physical, PROMIS 10 physical, and
KOOS-pain all showed significant changes between time
points, while changes in the other scales were not statisti-
cally significant. KOOS-pain scores showed effect sizes that
were large (>0.8), while the EQ-5D, VR-12 physical, and
PROMIS 10 physical had effect sizes that were more mod-
erate in size (0.5-0.8). The remaining scales, including the
EQ-5D VAS, VR-12 mental, and PROMIS 10 mental, had
very small effect sizes (<0.2), indicating little change in
these measures over time.

Comparison of the difference between the Cohen d and
SRM effect size statistics head to head showed the EQ-5D,
VR-12 physical, and PROMIS 10 physical have signifi-
cantly greater internal responsiveness than the EQ-5D
VAS, VR-12 mental, and PROMIS 10 mental (Tables 4
and 5). No significant differences among the EQ-5D,
VR-12 physical, and PROMIS 10 physical were observed.
As expected, the internal responsiveness of the KOOS-pain
score was significantly greater than all the general scales
considered in all comparisons.

External Responsiveness

External responsiveness was assessed by correlating the
changes in general PRO measures with the changes in
disease-specific reference (KOOS-pain). Significant posi-
tive correlations were observed for all scales with the
KOOS-pain subscale (Table 6). The largest correlations
with the KOOS-pain score were in the EQ-5D, PROMIS
10 physical, and VR-12 physical scales.

Differences between general PROs were assessed head
to head from the differences in their correlation measures.
No significant differences in external responsiveness
among the EQ-5D, VR-12 physical, and PROMIS 10 phys-
ical were observed (Table 7). The EQ-5D and PROMIS 10
physical were significantly more externally responsive
than the EQ-5D VAS, VR-12 mental, and PROMIS 10
mental scores. The VR-12 physical score was not signifi-
cantly different from the EQ-5D VAS, VR-12 mental, and
PROMIS 10 mental scores.

DISCUSSION

Responsiveness was compared among 3 general PRO mea-
sures in knee arthroscopy over a mean of 3.6 months, with
90% patient follow-up. Assessing internal responsiveness,
the EQ-5D, VR-12 physical, and PROMIS 10 physical scales
showed a statistically significant change in score after
treatment and effect size statistics with moderate change.
The EQ-5D, VR-12 physical, and PROMIS 10 physical
instruments showed significantly greater Cohen d and
SRM effect sizes compared with the other general PRO
measures, but no statistical differences among themselves.
Assessing external responsiveness, the EQ-5D, VR-12
physical, and PROMIS 10 physical instruments showed

TABLE 4
Internal Responsiveness Comparisons: Cohen da

Cohen d,
Estimate
(95% CI)

Differences (95% CI)

PRO Measure vs EQ-5D
vs EQ-5D

VAS
vs VR-12
Physical

vs VR-12
Mental

vs PROMIS
10 Physical

vs PROMIS
10 Mental

KOOS-pain 1.12
(0.82 to 1.50)

0.57
(0.29 to 0.90)

1.08
(0.77 to 1.61)

0.49
(0.21 to 0.79)

1.03
(0.72 to 1.49)

0.61
(0.40 to 0.89)

1.06
(0.74 to 1.50)

EQ-5D 0.55
(0.31 to 0.77)

— 0.51
(0.27 to 0.75)

–0.08
(–0.36 to 0.18)

0.46
(0.18 to 0.74)

0.04
(–0.23 to 0.28)

0.49
(0.25 to 0.73)

EQ-5D VAS 0.04
(–0.28 to 0.31)

— — –0.59
(–1.01 to –0.24)

–0.05
(–0.29 to 0.22)

–0.47
(–0.78 to –0.19)

–0.02
(–0.30 to 0.24)

VR-12 physical 0.63
(0.36 to 0.93)

— — — 0.54
(0.14 to 0.93)

0.12
(–0.20 to 0.43)

0.57
(0.23 to 0.88)

VR-12 mental 0.09
(–0.16 to 0.35)

— — — — –0.42
(–0.73 to –0.12)

0.03
(–0.23 to 0.31)

PROMIS 10
physical

0.51
(0.30 to 0.84)

— — — — — 0.45
(0.21 to 0.72)

PROMIS 10
mental

0.06
(–0.14 to 0.29)

— — — — — —

aSignificant differences are shown in boldface (95% CI for the difference between measures does not cross 0). KOOS, Knee injury and
Osteoarthritis Outcome Scale; PROMIS, Patient-Reported Outcomes Measurement Information System; VAS, visual analog scale; VR-12,
Veterans RAND 12-Item Health Survey.
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high correlation with the disease-specific reference mea-
sure, KOOS-pain. Comparing external responsiveness
among general PROs, the EQ-5D, VR-12 physical, and
PROMIS 10 physical instruments showed no statisti-
cally significant differences among themselves and
showed greater external responsiveness than the other
general PROs.

To our knowledge, no literature exists comparing respon-
siveness among these 3 general PRO measures. It is impor-
tant to determine which PRO scales are most responsive to
avoid administration of redundant measures and responder
burnout. Understanding which PROs are most responsive
in orthopaedics will ensure gathering high-quality informa-
tion. Rare literature comparing general PROs exists in non-
orthopaedic settings. Only 1 study has been conducted
comparing the responsiveness of the VR-12 and EQ-5D in
the setting of heart failure.9 This study assessed change in
the VR-12, EQ-5D, and other disease-specific measures
over a course of 6 weeks without any specific heart failure
intervention. The study provided relative rankings of the
responsiveness of PROs in reference to multiple external
standards. Overall, the EQ-5D and VR-12 physical were not
as responsive to patient status changes as the VR-12 men-
tal and heart failure–specific PROs.9 The reason for the
lower responsiveness in the VR-12 physical compared with
the VR-12 mental was unknown to the investigators, as
heart disease is thought to cause a largely physical impact
on patients. The only other comparisons between these gen-
eral PROs were found with a measure closely related to the
VR-12 named the SF-12. The SF-12 was shown to be more
responsive to change over time than the EQ-5D in patients
with depression26 and ankylosing spondylitis.14 The SF-12
was as responsive as the EQ-5D in patients with venous leg
ulcers.16 In the current study, statistical comparison of the
differences between all general PROs reveals 2 tiers of
responsiveness: a more responsive tier including the

EQ-5D, VR-12 physical, and the PROMIS 10 physical
instruments and a less responsive tier including the
EQ-5D VAS, VR-12 mental, and the PROMIS 10 mental
instruments. Our study showed the greatest responsive-
ness in the PROs that pertained more to the physical
domains of health, such as the EQ-5D, VR-12 physical, and
the PROMIS 10 physical. These results are understandable
as knee conditions cause more impairment in physical func-
tioning than mental functioning. The VR-12 mental and
PROMIS 10 mental instruments were not as responsive,
which was reasonable in this patient population. The
EQ-5D VAS could be too general and nonspecific to be as
responsive to change as the multi-item PROs.

TABLE 5
Internal Responsiveness Comparisons: SRMa

Differences (95% CI)

PRO Measure

SRM, Estimate

(95% CI) vs EQ-5D

vs EQ-5D

VAS

vs VR-12

Physical

vs VR-12

Mental

vs PROMIS 10

Physical

vs PROMIS 10

Mental

KOOS-pain 1.26

(0.99 to 1.53)

0.55

(0.30 to 0.83)

1.22

(0.96 to 1.59)

0.58

(0.24 to 0.88)

1.15

(0.87 to 1.50)

0.53

(0.25 to 0.83)

1.17

(0.88 to 1.52)

EQ-5D 0.70

(0.52 to 0.91)

— 0.67

(0.37 to 0.94)

0.02

(–0.23 to 0.30)

0.60

(0.30 to 0.90)

–0.02

(–0.28 to 0.27)

0.62

(0.31 to 0.91)

EQ-5D VAS 0.04

(–0.25 to 0.35)

— — –0.64

(–1.07 to –0.19)

–0.06

(–0.33 to 0.22)

–0.68

(–0.99 to –0.33)

–0.04

(–0.37 to 0.28)

VR-12 physical 0.68

(0.34 to 0.98)

— — — 0.58

(0.14 to 0.99)

–0.04

(–0.38 to 0.31)

0.60

(0.20 to 0.97)

VR-12 mental 0.10

(–0.19 to 0.38)

— — — — –0.62

(–0.95 to –0.29)

0.02

(–0.32 to 0.38)

PROMIS 10

physical

0.72

(0.41 to 0.98)

— — — — — 0.64

(030 to 0.96)

PROMIS 10

mental

0.08

(–0.24 to 0.37)

— — — — — —

aSignificant differences are shown in boldface (95% CI for the difference between measures does not cross 0). KOOS, Knee injury and
Osteoarthritis Outcome Scale; PROMIS, Patient-Reported Outcomes Measurement Information System; SRM, standardized response mean;
VAS, visual analog scale; VR-12, Veterans RAND 12-Item Health Survey.

TABLE 6
External Responsiveness: Correlations

With Change in KOOS-Pain Scorea

Variable 1 Variable 2 n
Correlation

(95% CI)
P

Value

D KOOS-
pain

D EQ-5D 45 0.65 (0.44-0.79) <.001b

D EQ-5D VAS 44 0.42 (0.14-0.64) .004b

D VR-12 physical 45 0.57 (0.33-0.74) <.001b

D VR-12 mental 45 0.33 (0.04-0.57) .026b

D PROMIS 10
physical

44 0.77 (0.61-0.87) <.001b

D PROMIS 10
mental

45 0.39 (0.11-0.61) .008b

aD, change from pre- to postoperative; KOOS, Knee injury and
Osteoarthritis Outcome Scale; PROMIS, Patient-Reported Out-
comes Measurement Information System; VAS, visual analog
scale; VR-12, Veterans RAND 12-Item Health Survey.

bP < .05.
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This study has multiple limitations. The minimum
3-month follow-up period may have been too soon to show
the maximum improvement for some larger surgical proce-
dures; however, we believe this intentional short-term
follow-up was sufficient to evaluate responsiveness during
this time frame. These results are not applicable to the
pediatric population younger than 18 years. The results
could have limited generalizability as these results are
mainly applicable to longitudinal monitoring of general
health outcomes in knee arthroscopy. Although responsive-
ness of PROs varies based on treatment given, we hope the
trends we have discovered with the EQ-5D, VR-12 physical,
and PROMIS 10 physical instruments showing equally
high responsiveness will extend to other knee treatments
and other treatments aimed at influencing physical func-
tion. This study used convenience sampling to enroll 50
consecutive patients undergoing knee arthroscopic surgery
at an outpatient surgery center. There is potential for
under- or overrepresentation of patient groups, but we
believe that the study sample represents the general popu-
lation of ages and most common diagnoses for patients
undergoing knee arthroscopy.

CONCLUSION

The principal findings of this study demonstrate there is no
statistical difference between the EQ-5D, VR-12 physical,
and PROMIS 10 physical instruments in terms of internal
or external responsiveness to change in knee arthroscopy.
The EQ-5D, VR-12 physical, and PROMIS 10 physical
instruments showed significantly greater internal and
external responsiveness compared with the EQ-5D VAS,
VR-12 mental, and PROMIS 10 mental scores. In tracking
longitudinal patient health, researchers and administra-
tors have the flexibility to choose any of the general PROs
among the EQ-5D, VR-12 physical, and PROMIS 10 phys-
ical instruments to best capture responsiveness to change.
We recommend that any study tracking PROs in knee
arthroscopy include 1 of these generic instruments to best
quantify health-related quality of life across disease pro-
cesses. We routinely use the VR-12 physical instrument
in our institution-wide outcome tracking system because
it is freely available and can be quickly completed by

patients. To observe the most responsiveness to change
after knee arthroscopy, a disease-specific instrument such
as the KOOS should be used.

ACKNOWLEDGMENT

The authors thank the preoperative nursing and adminis-
trative staff for contributing to patient enrollment. They
also thank the following health care providers for allowing
them to enroll their patients in the study: Dr James
Rosneck, Dr Paul Saluan, Dr Anthony Miniaci, Dr Thomas
Anderson, Dr Timothy Gajewski, and Dr Joseph Scarcella.

REFERENCES

1. Ahmed S, Berzon RA, Revicki DA, et al; International Society for Qual-

ity of Life Research. The use of patient-reported outcomes (PRO)

within comparative effectiveness research: implications for clinical

practice and health care policy. Med Care. 2012;50:1060-1070.

2. Black N. Patient reported outcome measures could help transform

healthcare. BMJ. 2013;346:f167.

3. Cella D, Riley W, Stone A, et al; PROMIS Cooperative Group. The

Patient-Reported Outcomes Measurement Information System (PRO-

MIS) developed and tested its first wave of adult self-reported health

outcome item banks: 2005-2008. J Clin Epidemiol. 2010;63:

1179-1194.

4. Collins NJ, Misra D, Felson DT, Crossley KM, Roos EM. Measures of

knee function: International Knee Documentation Committee (IKDC)

Subjective Knee Evaluation Form, Knee Injury and Osteoarthritis Out-

come Score (KOOS), Knee Injury and Osteoarthritis Outcome Score

Physical Function Short Form (KOOS-PS), Knee Outcome Survey

Activities of Daily Living Scale (KOS-ADL), Lysholm Knee Scoring

Scale, Oxford Knee Score (OKS), Western Ontario and McMaster

Universities Osteoarthritis Index (WOMAC), Activity Rating Scale

(ARS), and Tegner Activity Score (TAS). Arthritis Care Res. 2011;

63(suppl 11):S208-S228.

5. Davis S, Wailoo A. A review of the psychometric performance of the

EQ-5D in people with urinary incontinence. Health Qual Life Out-

comes. 2013;11:20.

6. Dawson J, Doll H, Fitzpatrick R, Jenkinson C, Carr AJ. The routine use

of patient reported outcome measures in healthcare settings. BMJ.

2010;340:c186.

7. Diedenhofen B, Musch J. cocor: a comprehensive solution for the

statistical comparison of correlations. PloS One. 2015;10:e0121945.

8. Dinan MA, Compton KL, Dhillon JK, et al. Use of patient-reported

outcomes in randomized, double-blind, placebo-controlled clinical

trials. Med Care. 2011;49:415-419.

TABLE 7
External Responsiveness Comparisonsa

Differences (95% CI)

PRO Measure vs EQ-5D VAS vs VR-12 Physical vs VR-12 Mental vs PROMIS 10 Physical vs PROMIS 10 Mental

EQ-5D 0.31 (0.12 to 0.83) 0.08 (–0.22 to 0.48) 0.32 (0.04 to 0.83) –0.12 (–0.61 to 0.13) 0.26 (0.003 to 0.73)
EQ-5D VAS — –0.19 (–0.70 to 0.16) 0.09 (–0.19 to 0.41) –0.32 (–0.86 to –0.09) 0.12 (–0.18 to 0.46)
VR-12 physical — — 0.24 (–0.15 to 0.75) –0.20 (–0.77 to 0.02) 0.18 (–0.18 to 0.65)
VR-12 mental — — — –0.42 (–1.06 to –0.23) –0.06 (–0.43 to 0.30)
PROMIS 10 physical — — — — 0.39 (0.27 to 0.97)
PROMIS 10 mental — — — — —

aSignificant differences are shown in boldface (95% CI for the difference between measures does not cross 0). KOOS, Knee injury and
Osteoarthritis Outcome Scale; PROMIS, Patient-Reported Outcomes Measurement Information System; VAS, visual analog scale; VR-12,
Veterans RAND 12-Item Health Survey.

6 Oak et al The Orthopaedic Journal of Sports Medicine



9. Eurich DT, Johnson JA, Reid KJ, Spertus JA. Assessing responsive-

ness of generic and specific health related quality of life measures in

heart failure. Health Qual Life Outcomes. 2006;4:89.

10. Fabricant PD, Robles A, Downey-Zayas T, et al. Development and

validation of a pediatric sports activity rating scale: The Hospital for

Special Surgery Pediatric Functional Activity Brief Scale (HSS Pedi-

FABS). Am J Sports Med. 2013;41:2421-2429.

11. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG.

Research electronic data capture (REDCap)—a metadata-driven

methodology and workflow process for providing translational

research informatics support. J Biomed Inform. 2009;42:377-381.

12. Harrison MJ, Davies LM, Bansback NJ, Ingram M, Anis AH, Symmons

DP. The validity and responsiveness of generic utility measures in

rheumatoid arthritis: a review. J Rheumatol. 2008;35:592-602.

13. Hays RD, Bjorner JB, Revicki DA, Spritzer KL, Cella D. Development

of physical and mental health summary scores from the patient-

reported outcomes measurement information system (PROMIS)

global items. Qual Life Res. 2009;18:873-880.

14. Haywood KL, Garratt AM, Dziedzic K, Dawes PT. Generic measures

of health-related quality of life in ankylosing spondylitis: reliability,

validity and responsiveness. Rheumatology. 2002;41:1380-1387.

15. Husted JA, Cook RJ, Farewell VT, Gladman DD. Methods for asses-

sing responsiveness: a critical review and recommendations. J Clin

Epidemiol. 2000;53:459-468.

16. Iglesias CP, Birks Y, Nelson EA, Scanlon E, Cullum NA. Quality of life

of people with venous leg ulcers: a comparison of the discriminative

and responsive characteristics of two generic and a disease specific

instruments. Qual Life Res. 2005;14:1705-1718.

17. Marx RG, Stump TJ, Jones EC, Wickiewicz TL, Warren RF. Develop-

ment and evaluation of an activity rating scale for disorders of the

knee. Am J Sports Med. 2001;29:213-218.

18. Meng X, Rosenthal R, Rubin DB. Comparing correlated correlation

coefficients. Psychol Bull. 1992;111:172-175.

19. Obradovic M, Lal A, Liedgens H. Validity and responsiveness of

EuroQol-5 dimension (EQ-5D) versus Short Form-6 dimension

(SF-6D) questionnaire in chronic pain. Health Qual Life Outcomes.

2013;11:110.

20. Rabin R, Charro F de. EQ-SD: a measure of health status from the

EuroQol Group. Ann Med. 2001;33:337-343.

21. Roos EM, Lohmander LS. The Knee injury and Osteoarthritis Out-

come Score (KOOS): from joint injury to osteoarthritis. Health Qual

Life Outcomes. 2003;1:64.

22. Selim AJ, Rogers W, Fleishman JA, et al. Updated U.S. population

standard for the Veterans RAND 12-item Health Survey (VR-12). Qual

Life Res. 2009;18:43-52.

23. Shaw JW, Johnson JA, Coons SJ. US valuation of the EQ-5D health

states: development and testing of the D1 valuation model. Med Care.

2005;43:203-220.

24. Stark RG, Reitmeir P, Leidl R, König H-H. Validity, reliability, and

responsiveness of the EQ-5D in inflammatory bowel disease in

Germany. Inflamm Bowel Dis. 2010;16:42-51.

25. Terwee CB, Bot SDM, de Boer MR, et al. Quality criteria were pro-

posed for measurement properties of health status questionnaires.

J Clin Epidemiol. 2007;60:34-42.

26. Turner N, Campbell J, Peters TJ, Wiles N, Hollinghurst S. A compar-

ison of four different approaches to measuring health utility in

depressed patients. Health Qual Life Outcomes. 2013;11:81.

27. Wu AW, Jacobson KL, Frick KD, et al. Validity and responsiveness

of the euroqol as a measure of health-related quality of life in

people enrolled in an AIDS clinical trial. Qual Life Res. 2002;11:

273-282.

The Orthopaedic Journal of Sports Medicine General PRO Responsiveness Comparison 7



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


