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A B S T R A C T

Objective: To determine, in a head-to-head comparison, which of two RAND-based knee replacement appropri-
ateness criteria is optimal based on comparison to an externally validated method of judging good versus poor
outcome.
Design: Longitudinal data from the Osteoarthritis Initiative (OAI) and the Multicenter Osteoarthritis Study (MOST)
were combined to produce a dataset of 922 persons with knee arthroplasty, 602 of which had adequate data for
RAND classification and had their surgery within one year prior to a study visit. Data were used to determine
appropriateness classification (i.e., Appropriate, Inconclusive, Rarely Appropriate) using modified versions of the
first-generation and second-generation Escobar system. Growth curve analyses and multivariable regression were
used to compare the two systems.
Results: Neither system associated with the gold standard measure of good versus poor outcome. Distributions of
appropriateness categories for the second-generation system were inconsistent with current evidence for knee
arthroplasty outcome. For example, 16% of participants were classified as Appropriate and 64% as Rarely
Appropriate for pain outcome. Distributions for the first-generation system aligned with current evidence.
Conclusion: The first-generation modified version of the Escobar appropriateness system is superior to the newer
version but neither version associated with our gold standard growth curve analyses. Both systems only differ-
entiate between patient classification groups preoperatively and up to ten months following surgery. Reliance on
appropriateness criteria to inform long-term outcome is not warranted.
1. Introduction

Knee arthroplasty (KA) is the most common major surgery conducted
in the US totaling approximately one million procedures per year [1].
Success of KA in relieving pain and improving function, combined with
low complication rates have rendered this procedure one of the most
effective and cost-effective surgical procedures. Despite the remarkable
success and growth in utilization of KA, approximately 20% of patients
[2] (i.e., approximately 200,000 US patients per year) [1] have persistent
pain and/or compromised daily life activity after surgical recovery. These
data are worrisome and suggest, in part, that the decision to undergo
surgery may not have been optimized for some patients. Lack of surgical
optimization is supported by wide variation in disease and symptom
burden that exists in patients undergoing KA [3,4]. Although KA is an
elective procedure, timeliness of surgery is an important determinant of
success. Utilizing KA too early may expose patients to albeit low, but
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serious risks of a major operation, yet result in little to no improvement in
function and pain compared to preoperative status [5]. On the other
hand, waiting too long to have surgery [6,7], in addition to unnecessarily
prolonging suffering, may result in worse outcomes and an increased risk
of obesity, diabetes, cardiovascular disease and subsequent premature
death [8].

An evidence-based decision tool is needed to fully account for major
prognostic factors impacting KA outcome and to inform the clinic dis-
cussion between the patient and surgeon. Appropriateness criteria (AC)
were originally proposed more than three decades ago to define baseline
classification criteria using a comprehensive prognostic literature syn-
thesis, for predicting treatment outcome for interventions not conducive
to randomized trial evidence (i.e., knee arthroplasty) and to develop
evidence-based metrics to help determine the timeliness of poor outcome
risks for surgical procedures [9,10]. Recognizing that all stakeholders
(e.g., patients, patients’ families, providers and payers) would likely
enci).
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benefit if evidence-based criteria for KA decision-making were imple-
mented widely, we conducted a series of investigations over the last
several years examining a variety of appropriate use criteria including
first [5,11,12] and second-generation [13,14] Escobar systems, as well as
AAOS arthroplasty appropriateness systems [15,16]. We demonstrated
that a modified version of the first-generation Escobar system could be
used to identify a subgroup of KA patients experiencing minimal benefit
(i.e., poor-responders) up to two years following KA [5,11]. We have also
developed and preliminarily validated a new second-generation Escobar
system using data from Spain [13,14]. The purpose of the current study
was to conduct a head-to-head comparison of the first-generation Escobar
system [5,11,12] to the newly developed second-generation Escobar
system [13,14] using multicenter data from two NIH-funded US-based
longitudinal studies. The two RAND-based Escobar systems are arguably
the strongest and most extensively studied KA appropriateness classifi-
cation systems available [5,7,11–14,17]. A head-to-head comparison is
urgently needed to determine which method is superior going forward.
The overarching hypothesis was that the second-generation Escobar
system will be superior to the first-generation system in differentiating
good outcome from poor outcome using an externally validated method
[18,19].

2. Methods

Data on knee arthroplasty (KA) outcome from two public-use Na-
tional Institutes of Health (NIH) funded independent datasets were
analyzed [20,21]. The Osteoarthritis Initiative (OAI), is a prospective
longitudinal cohort study with yearly assessment and nine years of
follow-up. A total of 4796 participants between the ages of 45 and 79
years were consented, beginning in 2004. The purpose of OAI was to
study the natural history, risk factors, outcomes, onset and progression of
knee tibiofemoral OA. Participants in OAI were recruited from four
clinical sites: 1) the University of Maryland School of Medicine in Bal-
timore, Maryland, 2) the Ohio State University in Columbus, Ohio, 3) the
University of Pittsburgh in Pittsburgh, Pennsylvania, and 4) Memorial
Hospital of Rhode Island, in Pawtucket, Rhode Island.

The Multicenter Osteoarthritis study (MOST) is a prospective longi-
tudinal cohort study with seven years of follow-up [21]. MOST investi-
gated knee osteoarthritis by evaluating potentially modifiable risk factors
for disease and poor pain and physical function outcomes. A total of 3026
participants were aged 50–79 years, with recruitment beginning in 2003.
Participants were assessed at baseline, and at follow-up months 15, 30,
60, 72 and 84. Participants were recruited from two communities at the
following clinical sites: 1) University of Iowa in Iowa City, Iowa, 2)
University of Alabama, Birmingham in Birmingham, Alabama. MOST
data are publicly available at https://agingresearchbiobank.nia.nih
.gov/studies/most/. OAI data are available at https://nda.nih.gov/oai/.
Both studies required all participants to read and sign IRB approved
consent forms from each site prior to participation.

2.1. Knee arthroplasty samples from OAI and MOST

Participants reported if KA was conducted and if so, the date of sur-
gery was confirmed with medical record review. A total of 922 partici-
pants underwent KA on at least one knee in the combined dataset, with
427 in OAI and 495 in MOST. KA was time varying in both OAI and
MOST, meaning that KA could have occurred at any time between
repeated study visits. We included only those participants who had their
study visit within one year of their KA. Systematic review evidence in-
dicates that self-reported preoperative pain measures are stable if taken a
year or less prior to KA surgery [22]. From the total of 922 participants, n
¼ 698 (76%) had complete data to allow for appropriateness classifica-
tion [5,11]. Of these, a total of 602 of 698 participants (86.2%), 354 in
OAI and 248 in MOST, had their preoperative study data collected within
a year of KA. The combined sample of 602 participants were used in all
primary analyses. A total of 20 of 354 (5.6%) participants in OAI had a
2

partial KA. MOST did not report whether participants had a total or
partial KA.

2.2. First-generation modified Escobar appropriateness variables

We used a previously validated set of measures [5,11], to classify
patients as Appropriate, Inconclusive or Rarely Appropriate for KA.
Appropriateness classification variables were Kellgren and Lawrence
knee OA grade [23], and number of osteoarthritic knee compartments, as
determined by validated anterior and lateral knee radiographs in MOST
and knee radiographs and MRI in OAI [24]. Age was classified as < 55
years or 55–65 years or > 65 years. The first-generation Escobar system
was modified by using Kellgren and Lawrence [23] radiographic ratings
in place of Ahlback [25] classification and using combined WOMAC Pain
and Disability scores to quantify knee symptoms in place of patient rat-
ings of pain behavior and medication usage [12].

We substituted one variable to allow for use of the MOST data. The
one exception was the knee joint mobility and stability variable. Because
knee mobility and stability examinations were not conducted in MOST,
we relied on the Knee Osteoarthritis Outcome Survey Sports and Recre-
ational Activities self-report item #4, which was included in both data-
sets. If the preoperative item #4 “Difficulty pivoting and twisting on the
injured knee” was rated as moderate or worse, the participant was coded
as abnormal on the knee mobility and stability item while a score of none
or minor was coded as normal.

Both the first-generation modified Escobar system and the second-
generation system relied on the RAND Appropriateness system for clas-
sification [9]. The possible categories are Appropriate, Inconclusive, and
Inappropriate. Consistent with other evidence [26], we elected to use the
term Rarely Appropriate instead of Inappropriate to describe this RAND
category. The algorithms used to define the Appropriate, Inconclusive
and Rarely Appropriate classifications from both the first-generation and
second-generation Escobar appropriateness systems [5,11] appear in
Supplemental file 1.

2.3. Second-generation Escobar appropriateness variables

The second-generation system used the same methods described for
the first-generation system including radiographic OA status [23],
WOMAC Pain and Disability scores, included separately, and age,
quantified using the following categories, <55 years, 55–65 years,
>65–85 years and >85 years. Additionally, the second-generation sys-
tem included more contemporary prognostic measures of psychological
distress [27] and comorbidity [18,19]. In both the OAI and MOST,
depressive symptoms were quantified using the Center for Epidemiologic
Studies depression scale [28] and general psychological distress was
quantified using the SF-12 Mental Component Summary score [29].
Comorbidity was quantified using the modified Charlson comorbidity
index [30].

2.4. Preoperative and postoperative self-reported outcome variables

Both datasets included the outcomes of interest. Outcome variables
were the Western Ontario and McMaster Universities Arthritis Index
(WOMAC) Pain and Disability scales. The WOMAC Pain scale ranges
from 0 to 20 with higher scores equating to worse pain with activity. The
WOMAC Disability scale ranges from 0 to 68 with higher scores equating
to more difficulty with daily activity. Both scales have been extensively
validated in persons with KA [31,32]. The SF-12 Physical Component
Summary (SF-12 PCS) [33], a validated generic health related quality of
life scale ranging from 13 to 69 with higher scores equating to better
physical health related quality of life was used in a sensitivity analysis.

The WOMAC Pain, WOMAC Disability and SF-12 PCS measures were
obtained during a presurgical and three postsurgical follow-up visits in
both datasets. Average number of months from the date of surgery to the
preoperative visit was 5.9 months, the first postsurgical follow-up
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occurred at an average of 10.3 months, the second follow-up visit mean
was 23.4 months and the third follow-up mean was 40.0 months
following surgery. Table 1 provides descriptive statistics for demographic
variables.

2.5. Preoperative variables and the first- and second-generation criteria

In addition to the first and second generation appropriateness criteria
variables, we included several additional preoperative variables based on
prior evidence supporting prognostic utility for outcome association
following KA [18,19,27,34–39]. Contralateral knee preoperative
WOMAC Pain scores were used. Depressive symptoms were quantified
with the CES-D, a validated depressive symptom measure [28]. The
SF-12 Mental Component Summary score was completed and ranged
from 0 (severe mental health dysfunction) to 100 (excellent mental
health) [40]. Age in years, sex, self-reported race (African American or
other), and BMI in kg/m2 were quantified. Comorbidity was measured
with the validated modified Charlson comorbidity index [41]. Preoper-
ative opioid use, yes or no, was recorded. Bodily pain areas (n¼ 16) were
measured in the following way: a study participant indicated on a body
diagram all major joint regions, including both, shoulders elbows, wrists,
hands, ankles and feet and including the cervical and lumbar spine. Pain
had to be present onmost days in the past 30 days. For hip pain questions,
symptoms on most days for at least 1 month during the past 12 months
was reported. Educational attainment was determined by asking the
participant to indicate one of the following: less than high school degree,
high school degree, some college, college degree, some graduate school,
graduate school degree. Table 2 lists the variables in each system.
Table 1
Preoperative sample characteristics (n ¼ 602).

Variable OAI (n ¼ 354)

Age in yrs, mean (sd) 67.9 (8.5)
Female sex, n (%) 208 (58.8)
Race/Ethnicity, n (%)
American Indian or Alaska Native –

Asian 4 (1.1)
Black or African American 41 (11.6)
Hispanic or Latino/a 6 (1.7)
Native Hawaiian or Other Pacific Islander –

White 298 (84.4)
Other/not reported 10 (2.8)

Education highest grade, n (%)
Less than high school 7 (2.0)
High school degree 59 (16.7)
Some college 90 (25.4)
College degree 59 (16.7)
Some graduate school 27 (7.6)
Graduate degree 111 (31.4)

Body Mass Index, mean (%) 30.2 (4.9)
Preop WOMAC Pain Score, mean (sd) 7.2 (3.8)
Preop WOMAC Function, mean (sd) 23.4 (11.8)
Preop SF-12 PCS Score, mean (sd) 37.7 (9.4)
Additional prognostic indicators
Depressive symptoms, mean (sd) 6.9 (6.8)
Mental Health Summary, mean (sd) 56.0 (8.5)
Comorbidity, mean (sd) 0.4 (0.7)
Opioid use - yes (%) 37 (10.5)
Widespread pain - yes (%) 139 (39.3)

Pre-operative data timing in days
Preoperative visit, mean (sd) �174.7 (94.4)
First postoperative visit, mean (sd) 197.3 (96.1)
Second postoperative visit, mean (sd) 555.5 (104.6)
Third postoperative visit, mean (sd) 916.7 (116.8)

First-generation Classification
Appropriate, n (%) 169 (52.8)
Inconclusive, n (%) 61 (19.1)
Rarely Appropriate, n (%) 90 (28.1)

Second-generation Classification
Appropriate, n (%) 48 (13.6)
Inconclusive, n (%) 56 (15.8)
Rarely Appropriate, n (%) 250 (70.6)
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2.6. Data analysis

Analyses were conducted in three steps. First, separately for WOMAC
Pain and WOMAC Disability outcomes, a two-piece latent class growth
curve model (LCA) with individually varying times of observations was
used to estimate poor and good outcomes using one preoperative and
three postoperative measurements. The first piece represents the short-
term change in outcome from pre-surgery to the knot, set at 10-months
post-surgery, and the second piece from the knot to the last measure-
ment occasion modeled the long-term changes in outcome. Data collec-
tion took place during study visits, which, relative to the timing of KA
surgery, varied by person. Estimating curves with individually varying
times of observations allows for the time of outcome measurement
relative to the surgery to differ between persons. A two-piece LCA growth
model used to define good and poor outcomes was based on our prior
work [18,19] showing that the two-class solution (i.e., good versus poor
outcome) was both optimal and externally validated. The 95% CI, en-
tropy, and the meanmost likely class membership a posteriori latent class
probabilities were used to determine the quality of the latent class so-
lution. Non overlapping CIs, entropy �0.70, and a posteriori latent class
probabilities of �0.80 indicate good separation [42,43].

The second step was applied to first-and second-generation appro-
priateness outcomes. Two-piece latent growth curve modeling with
individually varying times of observations was used to estimate curves
for appropriate, inconclusive, and rarely appropriate categories of both
appropriateness criteria.

For the third step, association models including a set of covariates
were added to the LCA using a logistic link function. For each outcome,
Missing OAI MOST (n ¼ 248) Missing MOST

0 68.9 (7.4) 0
0 162 (65.3) 0
1 0

–

–

27 (10.9)
3 (1.2)

–

221 (89.1)
1 (0.4)

1 0
10 (4.0)
71 (28.6)
72 (29.0)
39 (15.7)
18 (7.3)
38 (15.3)

4 32.3 (6.3) 1
0 7.9 (4.0) 0
0 27.3 (11.9) 0

59 36.7 (9.1) 3

7 8.0 (7.6) 0
9 55.0 (9.0) 18
7 0.7 (1.0) 0
0 44 (17.7) 0

13 129 (52.0) 0

0 �192.3 (95.4) 0
8 453.2 (359.1) 1

48 925.7 (379.2) 45
94 1742.4 (138.8) 108
34 6

175 (72.3)
29 (12.0)
38 (15.7)

0 0
49 (19.8)
64 (25.8)

135 (54.4)



Table 2
Baseline indication criteria variables used in the 1st and 2nd generation Escobar systems.

Escobar System Indication Criteria Measurement Scale

1st generation modified system Age <55 years, 55–65 years, >65 years
Radiology: Kellgren and Lawrence (KL) grade KL � 2, KL ¼ 3, KL ¼ 4
Knee osteoarthritis location Unicompartmental, bicompartmental, tricompartmental
Symptomatology: Combined WOMAC Pain and Disability Scale Slight (0–11)

Moderate (12–22)
Intense (23–33)
Severe (�34)

Mobility and stability:
KOOS Sports and Recreation item #4

moderate or worse ¼ positive, none or minor ¼ neg

Appropriateness Rating Rarely appropriate
Uncertain
Appropriate

2nd generation system Age <55 years, 55–65 years, >66–85 years, >85 years
Radiology: Kellgren and Lawrence (KL) grade KL � 2, KL � 3
Knee Osteoarthritis Location Unicompartmental,

More than one compartment
Either uni or multiple compartment*

Pain: WOMAC Pain Scale scored 0 (best) to 100 (worst) Slight (<3 S)
Moderate (35–50)
Severe (>50)

Disability: WOMAC Disability Scale scored 0 (best) to 100 (worst) Slight (<35)
Moderate (35–54)
Severe (>54)

Anxiety or Depression: Hospital Anxiety and Depression Scale
score 0 (best) to 21 (worst)

�10 in both anxiety and depression
>10 on either anxiety or depression

PAIN CATASTROPHIZING: Pain
Catastrophizing Scale scored 0 (best) to 52 (worst)

�30, >30

Comorbidities None, At least one
Appropriateness Rating Inappropriate

Uncertain
Appropriate

Table 3
Comparisons of ratings between 1st and 2nd generation appropriateness systems.

2nd Generation System

1st Generation
System

Appropriate Inconclusive Rarely
Appropriate

Totals

Appropriate 91 95 158 344
Inconclusive 6 16 68 90
Rarely Appropriate 0 9 119 128
Totals 97 120 345 562
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two sets of models of association were estimated: (a) only one covariate
was included, and (b) all covariates were included (i.e., multivariable).
We included codes from first- and second-generation Escobar appropri-
ateness variables (i.e., Inconclusive, and Rarely Appropriate for both
systems with Appropriate used as the referent) along with the preoper-
ative prognostic variables. Multivariable association models included all
variables in the univariate association model, regardless of the level of
significance, to avoid chance reporting [44]. WOMAC Pain scores were
not used inWOMAC Disability association models and vice versa because
of high multicollinearity between the two measures [45]. Twenty
multiply imputed datasets were used to handle missing covariate data.
Models were determined separately for the primary outcomes, WOMAC
Pain, and WOMAC Disability.

Additionally, Weighted Kappa and observed % agreement were
conducted for head-to-head comparisons. Inferential statistics could not
be applied for direct comparison because the data for both systems came
from the same sample and were therefore not independent.

Missing post-surgery outcome measurements were handled using full
information maximum likelihood method. The individually varying
times of observations feature of the model was necessary to avoid bias in
growth parameters by incorrectly assuming that all observations were
obtained at a fixed timepoint relative to surgery at each measurement
occasion [46,47] Two sensitivity analyses were conducted. The first used
PCS-12 as the outcome (n ¼ 499) and the second excluded persons with
unicompartmental arthroplasty (n¼ 24). MPlus was used for all analyses
[48].

3. Results

The combined sample consisted of 602 participants with KA, of which
354 were recruited to OAI and 248 participated in MOST. The average
age was 68.4 (SD ¼ 8.0) years and a total of 68 participants (11.3%) self-
reported as being Black or African American. The average preoperative
WOMAC Pain score was 7.5 (SD ¼ 3.9). Sample characteristics for the
two studies are summarized in Table 1. Weighted Kappa comparing the
4

two systems was fair [49] at 0.23 (se ¼ 0.02) and observed % agreement
was 40.2% (See Table 3).

The latent class two-piece growth model with individually-varying
times of observations for good and poor classes demonstrated clear
separation for WOMAC Pain, andWOMAC Disability (see Fig. 1, panels A
and B). Entropy was 0.87 for WOMAC Pain and 0.74 for WOMAC
Disability. The most likely class membership a posteriori latent class
probabilities for the WOMAC Pain latent class were 0.88 for poor
outcome and 0.98 for good outcome. For WOMAC Disability latent class
probabilities were 0.87 for poor outcome and 0.94 for good outcome
indicating precise assignment of outcome classes. The WOMAC Pain two-
piece latent class growth curves (LCA) appear in Fig. 1 WOMAC Pain
curves in panel A WOMAC Disability in panel B.

WOMAC Pain two-piece LGCs for first- (panel A) and second-
generation (panel B) systems appear in Fig. 2 and WOMAC Disability
curves appear in Fig. 3. See supplemental file 2 for 95% CIs of all curve
estimates. The most notable difference between them is that the second-
generation system classified only 16.11% of participants as Appropriate
for KAwhile 63.96%were classified as Rarely Appropriate. This contrasts
with the first-generation system that classified 61.21% as Appropriate for
KA and 22.78% as Rarely Appropriate. Additionally, LGCs for both sys-
tems were similar in that differences in magnitude of change between the
three classifications was largest from the preoperative to the first post-
operative visit. After the first postsurgical follow-up visit, changes



Fig. 1. Trajectories for WOMAC Pain latent classes in panel A and WOMAC Disability latent classes in panel B.
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between the three classifications were very similar.
The multivariable association models indicated that first- and second-

generation classifications did not associate with good versus poor
WOMAC Pain or Disability outcomes (see Table 4) in multivariable
models in the hypothesized manner. Only the Rarely Appropriate clas-
sification (using Appropriate classification as the referent) associated
with WOMAC Disability poor outcome in the univariate analysis for first-
and second-generation systems but the odds ratio was less than one. For
example, the odds ratio of 0.245, 95%CI ¼ 0.124, 0.487 indicated that
participants classified as Rarely Appropriate, relative to Appropriate,
were less likely to be in the poor WOMAC Disability outcome second-
generation latent class. Sensitivity analyses using the SF-12 PCS as the
outcome measure and a second sensitivity analysis that excluded par-
ticipants with partial KA were consistent with the main analyses (see
Supplemental file 3). Table 5 illustrates the proportions of participants
with good versus poor WOMAC outcomes stratified by 1st or 2nd gen-
eration appropriateness system.

4. Discussion

This study found that the first-generation Escobar KA appropriateness
system is the preferred system for clinical use over the second-generation
system. The primary reason for this preference is the distribution of
5

classification ratings. Approximately 62% of patients were classified as
Appropriate and 23% as Rarely Appropriate using the first-generation
system, estimates that align with prior work [5,11]. The
second-generation system, in contrast, classified only 16% as Appropriate
and 64% as Rarely Appropriate for KA pain outcome, estimates that are
unrealistic given the high rate of success of KA [50]. Neither system
associated with our gold standard method of classifying outcome as good
or poor.

The second generation system requires ratings of more severe pain
and functional loss as compared to the first-generation system, to classify
patients as Appropriate for KA. A greater emphasis on more severe
symptoms led to an unacceptably low rate of classifications of Appro-
priate and an unacceptably high rate of Rarely Appropriate classifications
relative to current evidence. For example, to be rated as Appropriate, the
second-generation system required patients to have severe knee pain
with activity (i.e., WOMAC Pain scores of 10 or greater) and aged older
than 65 years, or both severe pain and severe functional loss (i.e.,
WOMAC Disability scores of �37).

The prognostic association models (see Table 4) allowed us to indi-
rectly compare the first- and second-generation systems to determine if
either system associated with previously validated good versus poor
latent class outcome. Neither system associated with participant mem-
bership in either the good or poor outcome class in multivariable



Fig. 2. Trajectories for WOMAC Pain Appropriateness classification with panel A illustrating the original first generation Escobar system and panel B illustrating the
second generation system.
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analyses. We suspect this was the case because both the first- and second-
generation systems differentiate classification subgroups based only on
preoperative WOMAC scores, whereas the LCA analyses differentiates
good versus poor outcome based on their entire perioperative trajec-
tories. As shown in Fig. 1 panel A, for example, preoperative WOMAC
Pain scores were substantively different for the Appropriate subgroup (9
points) as compared to the Rarely Appropriate subgroup (4.3 points).
However, when considering the three follow-up visits, mean scores were
approximately the same. These data indicate that Escobar appropriate-
ness systems can differentiate among patient appropriateness subgroups
only prior to surgery and for changes up to approximately 10 months
post-surgery. Because scores at the first postoperative visit and beyond
were approximately the same for the three classification subgroups, only
the changes from the presurgical visit to the first postsurgical visit were
substantially less for the Rarely Appropriate subgroup (average of 1.5
WOMAC Pain points) compared to the Appropriate subgroup (i.e.,
approximately 6 WOMAC Pain points). We believe these differences are
clinically important. Differences between the appropriateness subgroups
from the first postoperative visit onward are extremely small or non-
existent.

Only one study was found that examined the validity of the second-
generation Escobar system [14]. Escobar and colleagues prospectively
recruited 282 patients in Spain, scheduled for KA, and determined
6

whether preoperative differences would be found and whether changes
from the preoperative visit to 6-month surgery differed among the three
classification subgroups. As expected, patients classified as Appropriate
had worse preoperative WOMAC scores and larger improvements
six-months post-surgery relative to the other two subgroups, much like
the current study. Notably, the investigators found that 142 (50.4%)
were classified as Appropriate, 90 (31.9%) as Uncertain, and 50 (17.7%)
classified as Rarely Appropriate. There were substantial differences be-
tween the Spanish sample in the Escobar et al. study [14] and the sample
in our study. For example, the mean preoperative WOMAC Pain score in
the Escobar et al. study was approximately 11 (SD ¼ 3.8) while in our
study it was 7.5 (sd ¼ 3.9). Similar differences were seen for WOMAC
Disability scores. It is likely that the differences in classification pro-
portions between our study and the Escobar et al. study are explained
mostly by baseline symptom severity.

Importantly, contemporary prognostic indicators of poor outcome
risk; namely psychological distress and comorbidity were actually greater
(i.e., worse) in participants classified as Appropriate as compared to
participants classified as Rarely Appropriate and this was true in our
study as well as the Escobar et al. validation study [14]. Contemporary
prognostic indicators of poor outcome actually decrease the likelihood of
classifications of Rarely Appropriate, the subgroup with minimal early
improvement.



Fig. 3. Trajectories for WOMAC Disability Appropriateness classification with panel A illustrating the original first generation Escobar system and panel B illustrating
the second generation system.
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Sayah and colleagues conducted a systematic review to determine
recovery trajectories following KA [50]. The authors found 21 longitu-
dinal studies that used the WOMAC Pain scale. Mean preoperative
WOMAC Pain scores ranged from approximately 8 to 12 on a 0 to 20 scale
with higher scores equating to worse pain. Our mean WOMAC Pain score
of 7.5 closely approaches this range while the Escobar et al. study [14] is
near the upper end of this range. Our participants self-selected to
participate in a longitudinal knee OA study and were not recruited from
orthopaedic surgeon offices, unlike those in the Escobar et al. study and
the systematic review by Sayah [50]. It is possible, therefore, that our
preoperative WOMAC Pain scores either reflect normal variation in
outcome scores seen in clinical practice, or that our participants were
generally healthier with less psychological distressed as compared to
typical patients being treated in surgeon offices and this may have led to
lower self-reported pain and disability scores in our study. The severity
spectrum of pain and functional loss of a sample of patients with KA will
influence appropriateness ratings, particularly for the second-generation
Escobar system. KA appropriateness classification systems need to ac-
count for inherent variability known to occur in preoperative
self-reported pain and functional status scores [50]. It appears that the
7

first-generation system is better at accounting for this variation whereas
the second-generation system requires more severe pain and functional
status scores for classifications of Appropriate and is therefore less able to
account for variations in preoperative status common in many large
sample studies of KA recovery [50].

Our study has several strengths including the rigorous data collection
from two independent NIH funded studies, each with multiple sites.
There are also important weaknesses. The datasets were not structured to
specifically examine KA outcome, satisfaction was not measured, and
WOMACmeasures do not account for more challenging activities. Patient
input was not included when developing the Escobar criteria. Time be-
tween surgery and measurement occasions, for example, varied and for
some patients, their preoperative visit occurred more than one year prior
to surgery. The MOST study did not report whether total or partial KA
was conducted andwhile we found no influence of partial KA on outcome
from the OAI data, the results may still have been biased. Patient satis-
faction, an important outcome following KA, was not reported in either
OAI or MOST. Both the first- and second-generation Escobar systems
were modified to allow use of OAI and MOST data and these modifica-
tions also may have biased our results.



Table 4
Indicators of good or poor WOMAC outcome (n ¼ 602).

Outcome Predictor Univariate OR 95% CI p Multivariable OR 95% CI p

WOMAC Pain
(0 ¼ Good; 1 ¼ Poor)

First-gen RAND Class Inconclusive 1.389 0.638, 3.026 0.408 2.004 0.832, 4.875 0.121
First-gen RAND Class Rarely Appropriate 0.999 0.466, 2.143 0.998 1.446 0.515, 4.060 0.483
Sec-gen RAND Class Inconclusive 1.339 0.565, 3.169 0.507 1.610 0.634, 4.090 0.317
Sec-gen RAND Class Rarely Appropriate 0.600 0.272, 1.320 0.204 0.902 0.325, 2.502 0.843
Depressive symptoms 1.008 0.969, 1.049 0.677 0.964 0.889, 1.045 0.374
Mental Health Summary Score 0.983 0.951, 1.016 0.305 0.979 0.932, 1.028 0.399
Age 0.973 0.939, 1.009 0.136 0.987 0.948, 1.028 0.525
Sex (0 ¼ male; 1 ¼ female) 1.309 0.700, 2.445 0.399 1.033 0.500, 2.131 0.931
Race/ethnicity (0 ¼ nonAA; 1 ¼ AA) 2.298 1.079, 4.897 0.031 1.961 0.861, 4.466 0.109
BMI 1.024 0.974, 1.077 0.358 0.985 0.934, 1.039 0.581
Comorbidity sore 0.957 0.682, 1.342 0.799 0.874 0.656, 1.164 0.357
Opioid use 1.330 0.600, 2.947 0.483 0.706 0.244, 2.040 0.520
Bodily pain count (no knee) 1.127 1.033, 1.230 0.007 1.074 0.970, 1.190 0.170
Education 0.805 0.669, 0.967 0.021 0.828 0.676, 1.014 0.069
WOMAC Pain (uninvolved) 1.202 1.113, 1.296 <0.001 1.195 1.090, 1.311 <0.001

WOMAC Disability
(0 ¼ Good; 1 ¼ Poor)

First-gen RAND Class Inconclusive 0.453 0.192, 1.071 0.071 0.567 0.238, 1.346 0.198
First-gen RAND Class Rarely Appropriate 0.386 0.174, 0.855 0.019 0.431 0.111, 1.669 0.223
Sec-gen RAND Class Inconclusive 1.018 0.450, 2.118 0.961 1.963 0.792, 4.868 0.145
Sec-gen RAND Class Rarely Appropriate 0.245 0.124, 0.487 <0.001 0.757 0.314, 1.825 0.536
Depressive symptoms 1.074 1.039, 1.110 0.963 1.011 0.957, 1.068 0.700
Mental Health Summary Score 0.934 0.906, 0.963 <0.001 0.951 0.907, 0.997 0.037
Age 0.978 0.950, 1.007 0.139 1.000 0.964, 1.040 0.981
Sex (0 ¼ male; 1 ¼ female) 1.407 0.812, 2.436 0.223 1.083 0.537, 2.184 0.824
Race/ethnicity (0 ¼ nonAA; 1 ¼ AA) 2.258 1.105, 4.614 0.025 1.484 0.674, 3.267 0.327
BMI 1.085 1.031, 1.141 0.002 1.055 0.986, 1.128 0.120
Comorbidity sore 1.227 0.939, 1.065 0.134 1.262 0.824, 1.932 0.285
Opioid use 2.186 1.119, 4.273 0.022 1.260 0.545, 2.913 0.590
Bodily pain count (no knee) 1.155 1.062, 1.256 <0.001 1.070 0.960, 1.192 0.223
Education 1.279 1.075, 1.521 0.005 0.925 0.741, 1.053 0.488
WOMAC Pain (uninvolved) 1.223 1.132, 1.321 <0.001 1.164 1.053, 1.286 0.003

Table 5
Proportion of participants from 1st and 2nd generation Escobar systems with good and poor outcome stratified by appropriateness classification.

Escobar System Poor Outcome (95% CI) Good Outcome (95% CI)

1st generation System
WOMAC Pain

Appropriate (n ¼ 344) 12.61 (9.65–15.57) 87.39 (84.43–90.35)
Inconclusive (n ¼ 90) 14.97 (8.15–21.79) 85.03 (78.21–91.85)
Rarely Appropriate (n ¼ 128) 10.82 (5.98–15.67) 89.18 (84.33–94.03)

2nd generation System
WOMAC Pain

Appropriate (n ¼ 97) 15.96 (9.73–22.18) 84.04 (77.82–90.27)
Inconclusive (n ¼ 120) 18.66 (12.76–24.57) 81.34 (75.43–87.24)
Rarely Appropriate (n ¼ 385) 9.20 (6.64–11.73) 90.82 (88.27–93.36)

1st generation System
WOMAC Disability

Appropriate (n ¼ 344) 28.09 (24.35–31.83) 74.91 (71.17–78.65)
Inconclusive (n ¼ 90) 17.27 (10.81–23.73) 82.73 (76.27–89.19)
Rarely Appropriate (n ¼ 128) 15.52 (10.38–20.65) 84.48 (79.35–89.62)

2nd generation System
WOMAC Disability

Appropriate (n ¼ 97) 30.40 (22.47–38.84) 69.60 (61.66–77.53)
Inconclusive (n ¼ 120) 32.98 (26.31–39.64) 67.02 (60.36–73.69)
Rarely Appropriate (n ¼ 385) 14.70 (11.91–17.50) 85.30 (82.50–88.08)
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5. Conclusion

The first-generation modified Escobar appropriateness classification
system is superior to the second-generation system. The second-
generation system has multiple limitations. Classification distributions
do not align with current evidence and more contemporary prognostic
variables for poor outcome associated more strongly with classifications
of Appropriate rather than classifications of Rarely Appropriate. Both
systems differentiate between groups of patients only at the preoperative
visit so extent of expected improvement following KA can only be esti-
mated within the first several months following KA. Classification
8

categories do not differentiate between patient groups at later time pe-
riods. The first-generation system holds some promise over the second-
generation system for stimulating discussions between patients and
surgeons on the potential for substantial benefit or lack of meaningful
benefit several months following KA, but reliance on appropriateness
criteria to inform long-term outcome is not warranted.
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