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Abstract
Background Patient-reported outcome measures
(PROMs) are frequently used to assess the impact of total
knee arthroplasty (TKA) on patients. However, mere sta-
tistical comparison of PROMs is not sufficient to assess the
value of TKA to the patient, especially given the risk profile
of arthroplasty. Evaluation of treatment effect sizes is
important to support the use of an intervention; this is
often quantified with the minimum clinically important
difference (MCID). MCIDs are unique to specific PROMs,
as they vary by calculation methodology and study pop-
ulation. Therefore, a systematic review of calculatedMCID
values, their respective ranges, and assessment of their
applications is important to guide and encourage their use

as a critical measure of effect size in TKA outcomes
research.
Questions/purposes In this systematic review of MCID
calculations and reporting in primary TKA, we asked: (1)
What are the most frequently reported PROMMCIDs and
their reported ranges in TKA? (2) What proportion of
studies report distribution- versus anchor-based MCID
values? (3) What are the most common methods by which
these MCID values are derived for anchor-based values?
(4) What are the most common derivation methods for
distribution-based values? (5) How do the reported me-
dians and corresponding interquartile ranges (IQR) com-
pare between calculation methods for each PROM?
Methods Following Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines, a
systematic review was conducted using the PubMed,
EMBASE, and MEDLINE databases from inception
through March 2022 for TKA articles reporting an MCID
value for any PROMs. Two independent reviewers
screened articles for eligibility, including any article that
calculated new MCID values for PROMs after primary
TKA, and extracted these data for analysis. Overall, 576
articles were identified, 38 of which were included in the
final analysis. These studies had a total of 710,128 patients
with a median age of 67.7 years and median BMI of
30.9 kg/m2. Women made up more than 50% of patients in
most studies, and the median follow-up period was
17 months (range 0.25 to 72 months). The overall risk of
bias was assessed as moderate using the Jadad criteria for
one randomized controlled trial (3 of 5 ideal global score)
and the modified Methodological Index for Non-
randomized Studies criteria for comparative studies
(mean 17.2 6 1.8) and noncomparative studies (mean 9.6
6 1.3). There were 49 unique PROMs for which 233
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MCIDs were reported. Calculated values were classified as
anchor-based, distribution-based, or not reported. MCID
values for each PROM,MCID calculation method, number
of patients, and study demographics were extracted from
each study. Anchor-based and distribution-based MCIDs
were compared for each unique PROM using a Wilcoxon
rank sum test given non-normal distribution of values.
Results The WOMAC Function and Pain subscores were
the most frequently reported MCID value, comprising 9%
(22 of 233) and 9% (22 of 233), respectively. The com-
posite Oxford Knee Score (OKS) was the next most fre-
quently reported (9% [21 of 233]), followed by the
WOMAC composite score (6% [13 of 233]). The median
anchor-based values for WOMAC Function and Pain
subscores were 23 (IQR 16 to 33) and 25 (IQR 14 to 31),
while the median distribution-based values were 11 (IQR
10.8 to 11) and 22 (IQR 17 to 23), respectively. Themedian
anchor-based MCID value for the OKS was 6 (IQR 4 to 7),
while the distribution-based value was 7 (IQR 5 to 10).
Thirty-nine percent (15 of 38) used an anchor-based
method to calculate a new MCID, while 32% (12 of 38)
used a distribution-based technique. Twenty-nine percent
of studies (11 of 38) calculated MCID values using both
methods. For studies reporting an anchor-based calculation
method, a question assessing patient satisfaction, pain
relief, or quality of life along a five-point Likert scale was
the most commonly used anchor (40% [16 of 40]), fol-
lowed by a receiver operating characteristic curve estima-
tion (25% [10 of 40]). For studies using distribution-based
calculations, all articles used a measure of study population
variance in their derivation of the MCID, with the most
common method reported as one-half the standard de-
viation of the difference between preoperative and post-
operative PROM scores (45% [14 of 31]). Most reported
median MCID values (15 of 19) did not differ by calcula-
tion method for each unique PROM (p > 0.05) apart from
the WOMAC Function component score and the Knee
Injury and Osteoarthritis Outcome Score Pain and
Activities of Daily Living subscores.
Conclusion Despite variability ofMCIDs for each PROM,
there is consistency in the methodology by which MCID
values have been derived in published studies.
Additionally, there is a consensus about MCID values re-
gardless of calculation method across most of the PROMs
we evaluated.
Clinical Relevance Given their importance to treatment
selection and patient safety, authors and journals should
report MCID values with greater consistency. We recom-
mend using a 7-point increase as the MCID for the OKS,
consistent with the median reported anchor-based value
derived from several high-quality studies with large patient
groups that used anchor-based approaches for MCID cal-
culation, which we believe are most appropriate for most
applications in clinical research. Likewise, we recommend

using a 10-point to 15-point increase for the MCID of
composite WOMAC, as the median value was 12 (IQR 10
to 17) with no difference between calculation methods. We
recommend use of median reported values for WOMAC
function and pain subscores: 21 (IQR 15 to 33) and 23 (IQR
13 to 29), respectively.

Introduction

To determine whether a procedure is truly worthwhile, the
clinician must ensure that the procedure creates a benefit
and whether this benefit is appreciable enough to the pa-
tient to justify surgical risk. Frequentist statistics help the
clinician to determine whether a treatment is responsible
for an effect, but they do not provide information on the
magnitude of its effect size. However, the minimum clin-
ically important difference (MCID) is one metric surgeons
and researchers can use to identify meaningful change in a
patient-perceived outcome. The MCID was first described
by Jaeschke et al. [26] as the “smallest difference in a score
in the domain of interest which patients perceive as bene-
ficial.” The MCID is useful because it defines a threshold
for which a change in a patient-reported outcome measure
(PROM) is clinically relevant to a patient, and not just of
statistical significance. Several methods exist to calculate
theMCID, most notably the distribution-based and anchor-
based approaches [13, 14]. Distribution-based MCID cal-
culations analyze change in PROM values with a measure
of variability, such as the standard deviation or effect size
[13, 14]. Anchor-based MCID calculation techniques use
an external or secondary subjective patient outcome mea-
sure to establish a clinically important difference. Both
approaches have been found to be reliable; however, the
anchor-based approach is preferred, because the MCID
value is calculated using secondary data provided by the
patient rather than estimating the value from a measure of
variance [39, 43]. Distribution-based approaches are ap-
plicable for large datasets when obtaining an anchor value
from each patient is not feasible.

Although the MCID is universally accepted as a valu-
able measure of effect size, the MCID has limitations.
Researchers are often relegated to one MCID calculation
method based on study size and practicality. Furthermore,
variability exists among studies regardingMCIDs, even for
the same PROM. This is likely related to a number of
factors, including differing patient populations, interven-
tions, follow-up periods, and calculation methods [13, 14].
This same trend of heterogeneity has been described in
shoulder arthroplasty [32]. Finally, the aim of arthroplasty
is to create large difference in patient outcomes rather
than a minimal change, especially considering its major
associated risks. Alternatives to the MCID include the
patient-acceptable symptom state, a metric assessing
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whether the patient is satisfied with his or her current
symptoms, and the substantial clinical benefit, which
quantifies the outcome improvement needed for a patient to
feel substantially better [4]. Despite these limitations, a
direct focus on the effect size of treatment in addition to
statistical significance is a critical step forward in value-
based and patient-centric care [35, 36].

The goal of this systematic review was to consolidate
the existing data on newly calculated MCID values for all
available PROMs in TKA because, to our knowledge, this
has not been done before. In doing so, we aimed to provide
future TKA outcomes researchers with a repository of
calculated MCIDs for each PROM and their respective
ranges, compare the values by their derivation method, and
guide effective use ofMCIDs with respect to feasibility and
practicality.

In this systematic review of MCID calculations and
reporting in primary TKA, we asked: (1) What are the most
frequently reported PROM MCIDs and their reported
ranges in TKA? (2) What proportion of studies report
distribution- versus anchor-based MCID values? (3) What
are the most common methods by which these MCID
values are derived for anchor-based values? (4) What are
the most common derivation methods for distribution-
based values? (5) How do the reported medians and cor-
responding interquartile ranges (IQR) compare between
calculation methods for each PROM?

Materials and Methods

This systematic review was conducted using Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses guidelines [44]. PROSPERO was queried for
ongoing or unpublished reviews on this topic.

Eligibility Criteria

Studies were included if they calculated new MCID values
for PROMs after primary TKA from their study population.
Only peer-reviewed articles in the English language were
included. Studies in cadavers, animal studies, revision
studies, studies on unicompartmental arthroplasty, sys-
tematic reviews, meta-analyses, letters to the editor, ma-
chine learning studies, technique articles, basic science
articles, case reports, conference proceedings without full-
text articles, and nonpeer-reviewed preprint server articles
were excluded.

Search Strategy

The PubMed, EMBASE, and MEDLINE databases were
queried from inception through March 2022. The search

was conducted by two independent reviewers (DGD and
JTV); no discrepancies required review by the senior au-
thor (JSB). Medical subject headings or keywords were
used in varying combinations to broaden the search. The
search terms were as follows: (MCID and total knee
arthroplasty) or (MCID and TKA) or (minimal clinically
important difference and total knee arthroplasty) or (min-
imal clinically important difference and TKA) or (minimal
important difference and TKA) or (minimal important
difference and total knee arthroplasty). Reviewers also
manually searched the reference lists of the included arti-
cles (Fig. 1).

Selection Process and Studies Included

Overall, 576 articles were identified (Fig. 1). The search of
the three databases returned 570 articles, and six were
identified after a manual search of included articles’ ref-
erences. After removal of duplicates, 313 remained.
Preliminary screening of titles and abstracts resulted in the
exclusion of 124 articles, based on a priori established in-
clusion and exclusion criteria. The full texts of 174 articles
were then reviewed. Of these, 94 articles cited previously
reported MCID values and were excluded, and 38 calcu-
lated newMCID values. These 38 studies were included in
the final analysis. Eleven studies reported on both TKA and
THA PROM MCIDs. Only PROMs specific to patients
undergoing TKA were included.

Data Extraction

In the included studies, the technique for calculation was
identified as distribution-based, anchor-based, or not reported
[13, 14]. Distribution-based MCID calculations analyze the
change in PROMvalueswith ameasure of variability, such as
the standard deviation or effect size [13, 14]. Two frequently
used distribution-based techniques include taking half of the
standard deviation of the measured change or using the per-
centage from baseline change method. Anchor-based MCID
calculation techniques use an external or secondary subjective
patient outcome measure to establish a clinically important
difference. With anchor-based methods, even after an anchor
has been chosen, the MCID can be calculated in varying
ways. Some commonly used methods include the mean
changemethod, the change difference method, or the receiver
operating characteristic curve method. Studies reporting
outcomes after bothTHAandTKAwere included if their data
were separated by procedure—data extraction was limited to
only patients undergoing TKA and their respective PROMs
and MCIDs. Study characteristics including the type of pro-
cedure, indication for the procedure, number of patients,mean
age, gender, mean BMI, and length of follow-up were also

Volume 481, Number 1 MCID in TKA 65

Copyright © 2022 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



extracted. Median MCID values with their respective inter-
quartile rangeswere reported because of a skeweddistribution
with outliers.

Study Characteristics

The 38 included studies had a total of 710,128 patients
(Table 1). There was a median of 575 patients (range 157 to
347,536 patients) in each study, with a median age of 68
years and median BMI of 31 kg/m2. Women made up 53%

of patients in most studies (median 337 patients), and the
median follow-up period was 17 months (range 0.25 to
72 months). Overall, there were 49 unique PROMs for
which 233 MCIDs were reported (Fig. 2).

Study Quality and Risk of Bias Assessment

The Methodological Index for Non-randomized Studies
criteria for noncomparative and comparative studies
was used to evaluate the risk of bias [47]. Additionally,

Fig. 1 This Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart represents our systematic
search of the three databases.
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the Jadad criteria were used to assess the quality of
randomized clinical trials [25]. The overall risk of bias
was assessed as moderate using the Jadad criteria for
one randomized controlled trial (3 of 5 ideal global
score) and the modified Methodological Index for Non-
randomized Studies criteria for comparative studies
(mean 17.2 6 1.8) and noncomparative studies (mean
9.6 6 1.3). The Jadad criteria score was 3 of an ideal
global score 5 for the single randomized controlled trial
in the review.

Primary and Secondary Study Outcomes

Our primary study goal was to review and assess calculated
MCID values for each PROM after TKA with their re-
spective ranges. To this end, the MCIDs were extracted
from each study that calculated new values based on their
study population. Our secondary goals were to describe the
corresponding derivation methods of MCIDs used in
published studies and determine whether any differences
existed between these values. MCIDs were stratified by
calculation method, including distribution-based, anchor-
based, or other method, and their respective medians and
ranges were compared.

Statistical Analysis

Continuous data such as the number of patients, age,
number of women, and length of follow-up and MCID
values are described using median and range. Categorical
variables, including PROMs reported and MCID methods,
are described using percentages. Anchor-based and
distribution-based MCIDs were compared for each unique
PROM using a Wilcoxon rank sum test after determining
they followed non-normal distribution of values. Analyses
were performed in Excel (Microsoft Corp) and JASP
(JASP Team, 2022; Version 0.16.1) [50].

Results

Most-reported MCIDs and Ranges

The WOMAC Physical Function and Pain subscores were
the most frequently reported MCID values, comprising 9%
(22 of 233) and 9% (22 of 233), respectively. The
WOMAC is a 24-item survey divided into three subscales
used to evaluate hip and knee osteoarthritis (Table 2). The
median anchor-based values for WOMAC Function and
Pain subscores were 23 (IQR 16 to 33) and 25 (IQR 14 to
31), while the median distribution-based values were 11
(IQR 10.8 to 11) and 22 (IQR 17 to 23), respectively. The
WOMAC median composite score was 15 (IQR 10 to 23)
by the anchor-based method and 10 (IQR 10 to 11) by the
distribution-based method. Four studies calculated an
MCID value of 10 for the WOMAC composite score via
both derivation methods (Table 3). The next most-
frequently reported PROM MCID was for the Oxford
Knee Score (OKS), comprising 9% (21 of 233) of reported
values (Fig. 2). The OKS is 12-item survey designed to
assess function and pain after TKA and was originally
developed by the University of Oxford (Table 2). The
median anchor-basedMCID value for the OKSwas 6 (IQR
4 to 7), while the distribution-based value was 7 (IQR 5 to
10) (Table 4). Three studies reported a calculated value of
5, two of which were derived from the distribution-based
method and one from the anchor-based method. The me-
dian pooled MCIDs of Knee Society Score (KSS) com-
ponents of function and knee were 6 (IQR 6 to 9) and 7
(IQR 5 to 7), respectively. The Knee Injury and
Osteoarthritis Outcome Score (KOOS) components
addressing Pain, Quality of Life (QoL), and Activities of
Daily Living (ADL) demonstrated pooled MCIDs of 12
(IQR 10 to 20), 13 (IQR 11 to 13), and 12 (IQR 10 to 14),
respectively. Finally, the combined KOOS JRMCIDwas 9
(IQR 7 to 12) (Table 4).

Proportion of Studies Reporting Distribution- versus
Anchor-based MCIDs

Thirty-nine percent (15 of 38) of studies used an anchor-
based method to calculate a new MCID, while 32% (12 of
38) used a distribution-based technique (Table 3). Twenty-
nine percent of studies (11 of 38) calculated MCID values
using both methods. No other calculation methods were
reported.

Derivation Methods of Anchor-based MCIDs

For studies reporting an anchor-based calculation method, a
question assessing patient satisfaction, pain relief, or quality

Table 1. Summary of the demographics of all included studies
(n = 38)

Parameter Value

Total patients, n 710,128

Overall proportion of women, % (n) 53 (376,142)

Number of patients, median (range) 575 (157-347,536)

Age in years, median (range) 68 (63-75)

BMI in kg/m2, median (range) 31 (26-34)

Median follow-up in months, median
(range)

17 (0.25-72)
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of life along a five-point Likert scale was the most com-
monly used anchor (40% [16 of 40]) (Fig. 3). Studies using
an external subjective question measured on the Likert scale
calculated the MCID value as the mean change in pre-
operative to postoperative PROM score in patients who
identified themselves to be “somewhat better,” “a little
better,” or “fair” (Fig. 3). Other anchor questions included
those assessing a patient’s ability to complete activities of
daily living (6%), value of the procedure (6%), response to
treatment (6%), and awareness of the affected joint (6%)
(Supplemental Table 1; http://links.lww.com/CORR/A960).
The receiver operating characteristic (ROC) curve

estimation method was used next-most frequently (25%
[10 of 40]). Less frequently used derivation methods in-
cluded the Global Transition Item to classify patients as
having improved or not improved after their surgery (5%
[two of 40]), the mean changemethod (5% [two of 40]), and
predictive modeling (5% [two of 40]). Additionally, two
studies (5%) assessed whether patients would be willing to
undergo their TKA again as an external anchor (Fig. 3). All
studies that used the anchor-based MCID to answer a sep-
arate outcomes question applied the value as a threshold, and
characterized patients as either successful or unsuccessful in
reaching the threshold.

Fig. 2 This graph shows the frequency of MCID use per PROM for TKA.
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Derivation Methods of Distribution-based MCIDs

For studies reporting a distribution-based calculation
method, all articles used a measure of study population
variance, either standard deviation or standard error, to
estimate the MCID (100% [31 of 31]) (Fig. 4). A large
proportion of studies estimated the MCID by calculating
one-half the standard deviation of the difference between
preoperative and postoperative PROM scores (45% [14 of
31]) (Supplemental Table 1; http://links.lww.
com/CORR/A960). Another portion of studies estimated
the MCID by using the minimum detectable change
(MDC) of a corresponding PROM as a proxy (29% [nine
of 31]). The most used confidence level was 90% (MDC
90; five of nine), followed by 95% (MDC 95; two of nine)
and 80% (MDC80; one of nine). Other studies calculated
an MCID from one-half the standard deviation of the pre-
operative PROM score (13% [four of 31]), the standard
error of measurement of the preoperative PROM score
(3%), and other variance-based methods (3%). All studies
that used the distribution-basedMCID to answer a separate
outcomes question applied the value as a threshold and
characterized patients as either successful or unsuccessful
in reaching the threshold (12 of 12).

Comparison of MCID Values by Calculation Method

Most reported median MCID values (15 of 19) did not
differ by calculation method for each unique PROM
(Table 4). The MCIDs reported for the OKS were quite
similar between anchor-based and distribution-based cal-
culation methods, with medians of 6 (IQR 4 to 7) and 7
(IQR 5 to 10), respectively. Additionally, the KSS
Function and Knee MCID values were similar because
medians for each component were within 1 point for both
calculation methods. Some variability arose specifically
looking at median MCIDs and interquartile ranges by
calculation method for other PROMs. Specifically, the
WOMAC median composite score via the anchor-based
method was 15 (IQR 10 to 23), while the distribution-based
value was 10 (IQR 10 to 11). Similar variability existed
among the WOMAC subscores of Function and Stiffness,
becauseMCID values were disparate by more than 5 points
for each component by calculation method. The KOOS JR
anchor-based MCID was 14 (IQR 7 to 18) while the
distribution-based value was 8 (IQR 7 to 9). Three MCID
PROM values varied by calculation method, including the
WOMAC Function component score and KOOS Pain and
Activities of Daily Living subscores (Table 4). The median

Table 2. Review of the top five most commonly used PROMs

PROM Description Scoring Subsections

Oxford Knee Score A 12-item survey designed to
assess function and pain after
TKA, originally developed by
the University of Oxford

Each question is scored 0 to 4, 4
being best. Overall score can
range from 0 to 48. Can
convert raw score to 0 to 100
metric, multiply by 3.57.

Pain subscale, function subscale

Western Ontario and
McMaster Universities
Osteoarthritis Index
(WOMAC)

A 24-item survey divided into
three subscales used to
evaluate hip and knee
osteoarthritis

Each question scored 0 to 4, 4
being worst; 0 to 20 for pain,
0 to 8 for stiffness, 0 to 68 for
physical function

Pain domain, stiffness domain,
physical function domain

Knee Society Score (KSS) A 10-question survey designed
to evaluate a patient’s knee
and functional abilities before
and after TKA

Both subsections are scored 0 to
100, with lower scores
indicating worse outcomes

Knee score domain (seven
items), functional score
domain (three items)

12-Item Short Form
Survey (SF-12)

A 12-question general health
survey using questions from
each of the eight dimensions
of the SF-36 survey

In the United States, the
population average for both
subdomains is 50 6 10 points

Physical component domain,
mental component domain

Knee Injury and
Osteoarthritis Outcome
Score

KOOS-12

KOOS JR

A 42-question knee-specific
survey designed to assess
changes in knee pathology
over time

KOOS-12: Twelve-question
short form

KOOS JR: seven-question short
form specific to TKA

Scores range from 0 to 100,
0 being worst possible

Pain (nine items), symptoms
(seven items), function in daily
living (17 items), sports/
recreation (five items), knee-
related quality of life (four
items)

PROM = patient-reported outcome measure; KOOS = Knee Injury and Osteoarthritis Outcome Score; KOOS JR = Knee Injury and
Osteoarthritis Outcome Score for Joint Replacement.
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Table 3. Studies presenting new MCIDs for PROMs in TKA

Author, year
Study
Size, n PROM: MCID MCID calculation method

Mean
follow-up in
months

Beard et al.,
2015 [2]

94,015 OKS: 9

OKS: 5

OKS: 7

OKS: 4

Anchor-based (individual cohort)

Anchor-based (between study groups)

Anchor-based (ROC)

Distribution-based (MDC90)

6

Beard et al.,
2020 [1]

264 OKS: 2 Anchor-based (question) 60

Berliner et al.,
2017 [3]

562 KOOS: 10

SF-12: 5

Distribution-based (1/2 SD score
change)

12

Bin Abd Razak
et al., 2016 [5]

3062 OKS: 5

SF-36 PCS: 10

Distribution-based (1/2 SD score
change)

5

Blevins et al.,
2019 [6]

228 KOOS ADL: 10

KOOS Pain: 10.3

KOOS QoL: 13.2

KOOS Sports/Recreation: 15.8

KOOS Symptoms: 12

SF-12 PCS: 5

SF-12 MCS: 5.4

Distribution-based (1/2 SD score
change)

24

Carender et al.,
2022 [7]

12,341 KOOS JR: 9.8

KOOS ADL: 11.7

KOOS Pain: 11.4

KOOS Symptoms: 11.7

WOMAC Pain: 11.3

WOMAC Function: 10.8

Distribution-based (1/2 SD score
change)

12

Chesworth
et al., 2008 [8]

1578 WOMAC Pain: 36

WOMAC Function: 33

Anchor-based (question) 12

Clement et al.,
2014 [10]

505 OKS Pain: 5

OKS Function: 4.3

SF-12 Pain: 4.5

SF-12 PCS: 4.8

Anchor-based (question) 12

Clement et al.,
2018 [9]

2589 WOMAC: 10

WOMAC Function: 9

WOMAC Pain: 11

WOMAC Stiffness: 8

WOMAC: 17

WOMAC Function: 16

WOMAC Pain: 21

WOMAC Stiffness: 13

WOMAC: 12

WOMAC Function: 11

WOMAC Pain: 23

WOMAC Stiffness: 27

Anchor-based (question)

Anchor-based (ROC)

Distribution-based (MDC95)

12
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Table 3. continued

Author, year
Study
Size, n PROM: MCID MCID calculation method

Mean
follow-up in
months

Clement et al.,
2019 [12]

2589 SF-12 PCS: 1.8

SF-12 MCS: 1.5

SF-12 PCS: 2.7

SF-12 MCS: -1.4

SF-12 PCS: 8.9

SF-12 MCS: 13.8

Anchor-based (question)

Anchor-based (ROC)

Distribution-based (MDC90)

12

Clement et al.,
2021 [11]

484 FJS: 13.7

FJS: 17.7

FJS: 10

FJS: 12

Anchor-based (question)

Anchor-based (one group)

Anchor-based (individual)

Distribution-based (MDC90)

6

Danoff et al.,
2018 [15]

165 VAS-D: 22.6 mm

VAS-D: 16.1 mm

Anchor-based

Distribution-based (SEM)

0.25

Darrith et al.,
2021 [16]

872 KOOS JR: 6.8

PROMIS-GH PCS: 2.3

Distribution-based 12

Eckhard et al.,
2021 [17]

352 KOOS-12: 11.1

KOOS-12 Function: 15.2

KOOS-12 Pain: 13.5

KOOS-12 QoL: 8

Anchor-based 12

Escobar et al.,
2007 [19]

423 WOMAC: 15

WOMAC Pain: 23

WOMAC Function: 19

WOMAC Stiffness: 15

SF-36: 10

SF-36 Physical Function: 12

SF-36 Role Physical: 12

SF-36 Bodily Pain: 17

SF-36 General Health: 1

SF-36 Social Function: 12

SF-36 Role Emotional: 8

SF-36 Vitality: 4

SF-36 Mental Health: 0

SF-6D Utility: 0

WOMAC Pain: 22

WOMAC Function: 13

WOMAC Stiffness: 29

SF-36 Physical Function: 20

SF-36 Role Physical: 27

SF-36 Bodily Pain: 38

SF-36 General Health: 27

SF-36 Social Function: 41

SF-36 Role Emotional: 29

SF-36 Vitality: 30

SF-36 Mental Health: 24

SF-6D Utility: 0

Anchor-based

Anchor-based

Distribution-based (MDC95)

Distribution-based (MDC95)

6
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Table 3. continued

Author, year
Study
Size, n PROM: MCID MCID calculation method

Mean
follow-up in
months

Escobar et al.,
2013 [18]

912 WOMAC Pain: 16, 28, 45

WOMAC Function: 17, 33, 45

WOMAC Pain: 10, 23, 35

WOMAC Function: 15, 27, 42

WOMAC Pain: 27

WOMAC Function: 21

WOMAC Pain: 26

WOMAC Function: 23

Anchor-based (by baseline severity
tertile)

Anchor-based ROC (by baseline
severity tertile)

Anchor-based (by two different anchor
questions)

12

Escobar and
Riddle, 2014
[20]

923 WOMAC Function: 47.5, 37.2, 27.6, 15.9

WOMAC Pain: 47.9, 32.2, 25.1, 12.4

WOMAC Function: 32

WOMAC Pain: 29

Anchor-based (by quartiles of baseline
severity)

Anchor-based (global mean)

12

Fan et al., 2021
[21]

161 HSS: 5.41

NRS-Walking: 1.24

Anchor-based (question) 36

Goodman et al.,
2020 [22]

10,775 KOOS Pain: 21

KOOS ADL: 14

Anchor-based 24

Holtz et al., 2020
[23]

199 FJS: 10.8

WOMAC Pain: 7.5

WOMAC Function: 7.2

FJS: 13

WOMAC Pain: 12.5

WOMAC Function: 14.7

Anchor-based (binary regression)

Anchor-based (ROC)

12

Humphrey
et al., 2022 [24]

314 PROMIS PF10a MCID-Worsening: -1.89 Distribution-based 12

Kang, 2021 [27] 191,379 OKS: 6

EQ-5D-3L: 0.090

OKS: 7

EQ-5D-3L: 0.036

OKS: 8

EQ-5D-3L: 0.069

OKS: 1.6

EQ-5D-3L: 0.95

OKS: 6

EQ-5D-3L: 0.182
OKS: 9

EQ-5D-3L: 0.292

Anchor-based (mean change method)

Anchor-based (Youden index)

Anchor-based (Short distance)

Distribution-based (standardized
response mean)

Distribution-based (medium effect
size)

Distribution-based (large effect size)

6

Katakam et al.,
2021 [29]

1059 KOOS PS: 8.2 Anchor-based 12

Khalil et al.,
2020 [30]

875 PROMIS-GH PCS: 2.3

PROMIS-GH PCS: 2.5

Distribution-based

Anchor-based

12
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Table 3. continued

Author, year
Study
Size, n PROM: MCID MCID calculation method

Mean
follow-up in
months

Kim et al., 2021
[31]

422 WOMAC: 23.4

WOMAC: 14.7

WOMAC: 29.5

WOMAC: 26.5

WOMAC: 10.4

WOMAC: 8.6

Anchor-based with central
sensitization (CS)

Anchor-based without CS

Anchor-based with CS (ROC)

Anchor-based without CS (ROC)

Distribution-based with CS

Distribution-based without CS

24

Kuo et al., 2020
[33]

858 KOOS JR: 6.4

KOOS Total: 35.4

KOOS Pain: 8.1

KOOS Symptoms: 9.5

KOOS ADL: 8.7

KOOS Sport & Rec: 9.9

KOOS QoL: 7.8

KOOS JR: 8.7

KOOS Total: 48.5

KOOS Pain: 10.2

KOOS Symptoms: 11.1

KOOS ADL: 10.3

KOOS Sport & Rec: 15.6

KOOS QoL: 13.4
KOOS JR: 17.5

KOOS Total: 82.9

KOOS Pain: 22.3

KOOS Symptoms: 10.8

KOOS ADL: 22.1

KOOS Sport & Rec: 17.5

KOOS QoL: 12.5
KOOS JR: 20.8

KOOS Total: 91.8

KOOS Pain: 25.0

KOOS Symptoms: 14.3

KOOS ADL: 24.6

KOOS Sport & Rec: 17.5

KOOS QoL: 12.5

Distribution-based (preoperative
scores)

Distribution-based (score change)

Anchor-based (total score)

Anchor-based (itemized score)

24

Lee et al., 2017
[34]

550 KSS Function: 6.1

KSS Knee: 5.3

KSS Function: 6.5

KSS Knee: 5.4

Anchor-based (satisfaction)

Anchor-based (OKS)

24
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Table 3. continued

Author, year
Study
Size, n PROM: MCID MCID calculation method

Mean
follow-up in
months

Lizaur-Utrilla
et al., 2020 [37]

507 KSS Knee: 7.2

KSS Knee: 8.9

KSS Knee: 7.2

KSS Function: 9.7

KSS Function: 10.3

KSS Function: 6.3

Anchor-based (question)

Anchor-based (ROC)

Distribution-based

Anchor-based (question)

Anchor-based (ROC)

Distribution-based

24

Lyman et al.,
2018 [38]

2630 KOOS Pain: 8

KOOS Symptoms: 9

KOOS ADL: 9

KOOS QoL: 8

KOOS JR: 6

KOOS Pain: 13

KOOS Symptoms: 12

KOOS ADL: 13

KOOS QoL: 12

KOOS JR: 9

KOOS Pain: 18

KOOS Symptoms: 7

KOOS ADL: 16

KOOS QoL: 17

KOOS JR: 14

Distribution-based (1/2 SD score
change)

Distribution-based (MDC90)

Anchor-based

12

Most et al., 2022
[40]

26720 Preoperative OKS < 19: 19.5

Preoperative OKS 20-27: 14.5

Preoperative OKS > 28: 8.5

Anchor-based (stratified by
preoperative OKS)

12

Neuprez et al.,
2018 [41]

280 WOMAC: 10 Anchor-based 12

Nishitani et al.,
2019 [42]

344 KSS Symptoms: 1.9

KSS Satisfaction: 2.2

KSS Function: 4.1

Anchor-based 6

Sabah et al.,
2022 [45]

347536 OKS: 5

OKS: 10.5

OKS: 7

OKS: 3.9

OKS: 2.6

OKS: 6

Anchor-based (mean change method)

Anchor-based (ROC)

Anchor-based (predictive modeling)

Distribution-based (1/2 SD)

Distribution-based (SEM)

Distribution-based (MDC90)

6

Shaw et al.,
2021 [46]

1340 R-TKA

KOOS JR: 6.59

PROMIS-GH MCS: 4.46

PROMIS-GH PCS: 3.39

M-TKA

KOOS JR: 6.79

PROMIS-GH MCS: 3.84

PROMIS-GH PCS: 3.39

Distribution-based (1/2 SD
preoperative score)

Distribution-based (1/2 SD
preoperative score)

6
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anchor-based MCIDs were more often larger than the
distribution-based values (13 of 19). Additionally, the
anchor-based MCIDs tended to have larger IQRs than the
distribution-based values for each respective PROM
(Table 4).

Discussion

The MCID is an important measure of an effect size mini-
mally noticeable to a patient. Use of the MCID for outcome
measure comparison is a critical evolution from frequentist
statistical analysis, which does not provide information on
effect size of a treatment. Indeed, an effect size that is
minimally noticeable to the patient is the very least that a
clinician should offer in the context of any surgical risk.
There is expected heterogeneity in MCID values, which are

known to be unique to specific PROMs, treatment types, and
study populations. The rationale for the current study was to
create a repository of calculated MCIDs for total knee
arthroplasty, compare values based on calculation method,
and provide practical recommendations on MCID values
and their derivation methods which can be employed in
future TKA outcomes research. We found that despite their
variability, MCID values were clustered for many of the
most frequently reported PROMs, regardless of the calcu-
lation method by which they were derived. Additionally,
there were predominate calculation methods used for both
anchor- and distribution-based MCIDs. We strongly rec-
ommend that surgeons use reference-calculated MCID val-
ues to evaluate TKA outcome measures against a clinically
relevant effect size. Patients deserve treatment modalities
which have been critically evaluated in terms of an effect
noticeable to them.

Table 3. continued

Author, year
Study
Size, n PROM: MCID MCID calculation method

Mean
follow-up in
months

Soh et al., 2022
[48]

1931 KOOS-12: 20.1

KOOS-12 Pain: 17.5

KOOS-12 Function: 21

KOOS-12 QoL: 21.8

KOOS-12: 20.8

KOOS-12 Pain: 15.6

KOOS-12 Function: 19.8

KOOS-12 QoL: 21.9

KOOS-12: 22.5

KOOS-12 Pain: 22.1

KOOS-12 Function: 21.3

KOOS-12 QoL: 24.4

Anchor-based (mean change method)

Anchor-based (ROC)

Anchor-based (predictive modeling)

3

SooHoo et al.,
2014 [49]

229 SF-12 PCS: 4.97

SF-12 MCS: 5.11

WOMAC: 10.21

UCLA: 0.92

Distribution-based 12

Unnanuntana
et al., 2018 [51]

157 2-minute walk test: 12.7 meters

Timed up and go test: 9.5 seconds

Distribution-based 72

Vina et al., 2016
[52]

269 WOMAC: 9.4 Anchor-based 24

PROM= patient-reported outcomemeasure; MCID =minimumclinically important difference; OKS = Oxford Knee Score; ROC = receiver
operating characteristic; MDC = minimum detectable change; SF-12 = 12-Item Short Form Survey; SF-36 PCS = 36-Item Short Form
Survey Physical Component Score; KOOS = Knee Injury andOsteoarthritis Outcome Score; ADL = Activities of Daily Living; QoL = Quality
of Life; PCS= Physical Component Score;MCS=Mental Component Score;WOMAC=WesternOntario andMcMaster University Arthritis
Index; FJS = Forgotten Joint Score; VAS-D = Visual Analog Score Drawn; SEM = standard error of measurement; KOOS JR = Knee Injury
and Osteoarthritis Outcome Score for Joint Replacement; PROMIS-GH PCS = Patient-Reported Outcomes Measurement Information
Systems Global Health Assessment Physical Component Score; HSS = Hospital for Special Surgery Score; NRS = Numeric Rating Scale;
PROMIS PF10a= Patient-ReportedOutcomesMeasurement Information Systems 10-itemPhysical Function; EQ-5D-3L = EuroQual 5D-3L
Test; KSS = Knee Society Score; UCLA = University of California Los Angeles Score
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Limitations

This systematic review had several limitations. Although
this is a systematic review, articles describing other TKA
PROM MCIDs could have been missed. We think the
likelihood of this is very low because we strictly adhered to

Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines for our comprehensive three-
database search. After the current study was accepted for
publication, but before final publication, Karhade et al. [28]
published a retrospective study examining MCID thresh-
olds and attainment for PROMIS scores. Because that

Table 4. Summary of newly calculated MCIDs reported in TKA, separated by calculation method

Anchor-based Distribution-based Combined

PROM Median IQR (Q1 to Q3) Median IQR (Q1 to Q3) Median IQR (Q1 to Q3) p valuea

OKS 6 4 to 7 7 5 to 10 6 5 to 9 0.29

WOMAC 15 10 to 23 10 10 to 11 12 10 to 17 0.20

Function 23 16 to 33 11 10.8 to 11 20 15 to 33 0.04

Pain 25 14 to 31 22 17 to 23 23 13 to 29 0.33

Stiffness 13 11 to 14 28 28 to 29 15 12 to 28 0.20

KSS

Function 7 6 to 10 6 6 6 6 to 9 1.0

Knee 6 5 to 8 7 7 7 5 to 7 1.0

KOOS 87 85 to 90 35 23 to 42 49 35 to 83 0.20

Pain 22 20 to 23 10 9 to 11 12 10 to 20 0.01

QoL 17 13 to 15 12 8 to 13 13 11 to 13 0.37

ADL 18 14 to 23 10 9 to 11 12 10 to 14 0.01

Symptoms 11 9 to 13 11 10 to 12 11 10 to 12 0.90

Sports/recreation 18 18 16 13 to 16 16 16 to 18 0.14

KOOS JR 14 7 to 18 8 7 to 9 9 7 to 12 0.25

KOOS-12 20 18 to 21 NR NR 20 18 to 21 n/a

Function 20 19 to 21 NR NR 20 19 to 21 n/a

Pain 17 15 to 19 NR NR 17 15 to 19 n/a

QoL 22 18 to 23 NR NR 22 18 to 23 n/a

SF-12 PCS 3 2 to 4 5 5 to 7 5 3 to 5 0.10

SF-12 MCS 0.1 -0.7 to 0.8 5 5 to 10 5 2 to 5 0.20

SF-36 composite 10 10 NR NR 10 10 n/a

SF-36 PCS NR NR 10 10 10 10 n/a

VAS-D, mm 23 23 16 16 19 18 to 21 n/a

NRS Walking 1 1 NR NR 1 1 n/a

PROMIS-GH PCS 3 2.9 to 3.4 2.3 2.3 2.5 2.3 to 3.4 0.12

PROMIS-GH MCS 4 3.0 to 4.3 NR NR 4 3.0 to 4.3 n/a

FJS 13 11 to 14 12 12 13 11 to 14 1.0

EQ-5D-3L 0.07 0.06 to 0.08 0.29 0.24 to 0.62 0.14 0.07 to 0.26 0.10

UCLA NR NR 0.9 0.9 0.9 0.9 n/a

HSS 5 5 NR NR 5 5.4 n/a

aWilcoxon rank sum nonparametric test comparison of anchor-based and distribution-based medians with assumption of non-
normal distribution. MCID = minimum clinically important difference; NR = not reported; IQR = interquartile range; Q1 = quartile 1;
Q3 = quartile 3; n/a = not applicable secondary to insufficient data for comparison; OKS = Oxford Knee Score; KSS = Knee Society
Score; KOOS = Knee Injury and Osteoarthritis Outcome Score; PF = physical functioning; RP = role limitations because of physical
health; BP = bodily pain; GH = general health; MCS = Mental Component Summary; VT = vitality; SF = social functioning; RE = role
limitations because of emotional problems; MH = mental health; NRS = Numeric Rating Scale; PROMIS-GH PCS = Patient-Reported
Outcomes Measurement Information System Global Health Physical Component Summary; FJS= Forgotten Joint Score; EQ-5D =
EuroQal 5-Dimensions; VR-12 PCS = Veteran Rands 12-Item Health Survey Physical Component Summary; VR-12 MCS = Veteran
Rands 12-Item Health Survey Mental Component Summary; UCLA = University of California Los Angeles Score.
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study was published after our search dates, it was not in-
cluded in this analysis. Our summary of the data is limited
by the amount of information provided by the authors of
each article. Authors are frequently vague, or details are
limited regarding the version of specific instance of a given
survey. This lack of detail is particularly problematic with
the Patient-Reported Outcome Measure Information
System (PROMIS) surveys because there are many dif-
ferent versions of those scores. Moreover, the use of
MCIDs as a metric of improvement is an inherent limita-
tion. In an editorial, Leopold and Porcher [35] aptly pointed
out that ideally, a procedure’s impact would be more than
minimal. We did not address the concept of substantial
clinical benefit or other patient-centric improvement met-
rics. The substantial clinical benefit quantifies the amount
of improvement a patient feels is clinically important.
Bernstein et al. [4] recommended a tiered approach to
grading PROM results for orthopaedic procedures and ar-
gued that theMCID, patient-acceptable symptom state, and
substantial clinical benefit should not be considered mu-
tually exclusive metrics. Rather, the MCID, patient-
acceptable symptom state, and substantial clinical benefit
quantify the minimum, intermediate, and substantial effect
sizes of a procedure, respectively. Despite this limitation,

the MCID remains a critically important threshold cap-
turing the minimum effect size necessary to deem a TKA
outcome acceptable to the patient and surgeon.

Recommended MCID Values and Use

We recommend using a 7-point increase as the MCID for
the OKS, consistent with the median anchor-based value
derived from several high-quality studies with large patient
groups. Multiple studies [2, 27, 45] reported MCID values
clustered around a 7-point increase (IQR 5 to 8). Most
importantly, this anchor-based value demands the patient
perspective be part of its derivation and is consequently a
more reliable value than the distribution-based median.
Additionally, we reported a median WOMACMCID of 12
with a range of 10 to 17, with no difference between cal-
culation methods. The median MCID for the subscore of
Function was 20, with an IQR from 15 to 33, and the
median value for the Pain subscore was 23, with an IQR
from 13 to 29. These wide ranges of values likely represent
differing patient populations, follow-up lengths, or the
MCID calculation methods. Furthermore, multiple studies
stratified WOMAC MCID values based on preoperative
PROM scores [18, 20]. The largest MCID values in the
WOMAC composite and subscores are derived from
studies in patient groups with very poor preoperative
scores, positively skewing the dataset. Therefore, we rec-
ommend using a 10-point to 15-point increase as theMCID
for the WOMAC composite because most values were
clustered at this magnitude (seven of 13). Importantly,
selecting a smaller value for an MCID within the reported
range demands a smaller clinical improvement from a
treatment in question. By contrast, selecting a relatively
larger MCID value will require a larger effect size because
fewer patients in a given study population may not reach
the MCID threshold. Therefore, we caution future authors
to choose an MCID cutoff considering the overall surgical
risk and preoperative disease severity of the study pop-
ulation in question; the riskier or more invasive the pro-
cedure, the larger the MCID that should be used.

MCID Calculation Methods

Thirty-nine percent (15 of 38) of studies used an anchor-
based method to calculate a new MCID, while 32% (12 of
38) used a distribution-based technique. Twenty-nine
percent of studies (11 of 38) calculated MCID values us-
ing both methods. The ideal method of calculating MCIDs
has not been established. Caution must be taken, because
insisting on individual MCIDs for each study will push
authors to use distribution-based methods. Distribution-
based methods may be convenient, but they do not

Fig. 3 This graph shows the frequency of times each anchor
was used for anchor-based calculation methods.

Fig. 4 This graph shows the frequency by which different
distribution-based calculation methods were used.
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incorporate a patient’s perception of improvement. The
lack of incorporating the patient’s appreciation of im-
provement into the MCID detracts from its meaningfulness
to clinicians. Anchor-based methods may be preferred
because they are based on patient-related indicators rather
than statistical criteria alone. Despite the large variety of
anchor questions described in the current review, previous
authors calculating anchor-based values have found that
theMCID did not depend on the anchor question asked [10,
18]. Specifically, Clement et al. [10] reported that the cal-
culated MCID value for the OKS and SF-12 did not vary
between two different anchor questions addressing patient
satisfaction and pain, respectively. Moreover, another
prevalent issue is the lack of appropriate survey identifi-
cation. Because many surveys have had multiple versions
or iterations, such as the PROMIS surveys, it is crucial for
authors to specifically list what version or iteration of a
survey they are using. At a minimum, authors should report
the full version number and date of the PROM form.

The substantial variation of MCIDs in other studies
demands attention. Zuckerman [53] concisely summarized
the three main problems that confound MCID reporting:
the substantial variability in quantifying and reporting
values, the application of MCID values to a different
treatment, and the lack of a consistent protocol or calcu-
lation method. By applying MCID values without careful
attention to the demographics and surgical risk of the pa-
tient population from which the MCID was derived, sur-
geons and policymakers may find that a procedure appears
to be clinically beneficial when it does not deliver a clini-
cally important improvement to a specific patient group.
The converse is also true. As PROMs become linked to
reimbursement, it is paramount that we are using the cor-
rect metrics to evaluate our performance. We encourage
future authors to include the applicable survey in an ap-
pendix accompanying their article to ensure transparency
and consistency in outcomes reporting. Authors should use
anchor-based calculations, when feasible, to fully capture a
patient’s perspective. In keeping with most calculated
anchor-based values, we urge authors to use an external
anchor question assessing pain relief, quality of life, or
satisfaction along a Likert scale. With this method, the
MCID value is obtained from the mean difference in
PROM score between preoperatively and postoperatively,
corresponding to patients who respond they are “somewhat
better” after TKA. Likewise, when anchor-based calcula-
tions are not feasible, we encourage the use of one-half the
standard deviation of the difference between preoperative
and postoperative PROM scores for the distribution-based
method for consistency with previously published re-
search. When deriving a new MCID from a study pop-
ulation is not feasible, we strongly support the use of a
referenced MCID value to ensure a TKA outcome is
measured in effect size rather than mere statistical

significance. Care should be taken to use a referenceMCID
value from a similar study population, along with de-
mographic and surgical risk parameters. A higher MCID
value should be used when evaluating results in study
populations in which individuals have higher comorbidity
burdens, more invasive procedures, or milder levels of
preoperative symptoms. Each journal should insist on these
practices in order to better consolidate PROMs data. These
changes would help improve our understanding of the
PROMs used in TKA and improve the quality of care for
our patients.

Conclusion

MCIDs represent an essential threshold for surgeons to
consider offering arthroplasty to patients in the context of
surgical risk. Despite substantial variability in MCIDs for
each PROM, some consensus exists, regardless of calcu-
lation method. We believe anchor-based values are pref-
erable, as the MCID value is calculated using secondary
data provided by the patient rather than estimating the
value from a measure of variance. Therefore, we recom-
mend using a 7-point increase as the MCID for the OKS,
consistent with the median reported anchor-based value
derived from several high-quality studies. Likewise, we
recommend using a 10-point to 15-point increase for the
MCID of composite WOMAC, as the median value was 12
with no difference between calculation methods. Given the
importance of MCID values to treatment selection and
patient safety, authors and journals should report these
values with greater consistency. Prioritization ofMCID use
in outcomes research will support improved patient selec-
tion for arthroplasty, allow the surgeon to practice more
safely and efficiently, and may ultimately guide public
policy for procedure reimbursement.
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