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Examining Timeliness of Total Knee Replacement
Among Patients with Knee Osteoarthritis in the U.S.

Results from the OAI and MOST Longitudinal Cohorts

H.M.K. Ghomrawi, PhD, MPH, A.I. Mushlin, MD, ScM, R. Kang, MA, S. Banerjee, PhD, J.A. Singh, MD, L. Sharma, MD,
C. Flink, MD, M. Nevitt, PhD, T. Neogi, MD, PhD,* and D.L. Riddle, PT, PhD*

Investigation performed at Feinberg School of Medicine of Northwestern University, Chicago, Illinois

Background: Patients with knee osteoarthritis may undergo total knee replacement too early or may delay or underuse
this procedure. We quantified these categories of total knee replacement utilization in 2 cohorts of participants with knee
osteoarthritis and investigated factors associated with each category.

Methods: Data were pooled from 2 multicenter cohort studies that collected demographic, patient-reported, radiographic,
clinical examination, and total knee replacement utilization information longitudinally on 8,002 participants who had or were
at risk for knee osteoarthritis and were followed for up to 8 years. Validated total knee replacement appropriateness criteria
were longitudinally applied to classify participants as either potentially appropriate or likely inappropriate for total knee
replacement. Participants were further classified on the basis of total knee replacement utilization into 3 categories: timely
(indicating that the patient had total knee replacement within 2 years after the procedure had become potentially appro-
priate), potentially appropriate but knee not replaced (indicating that the knee had remained unreplaced for >2 years after the
procedure had become potentially appropriate), and premature (indicating that the procedure was likely inappropriate but
had been performed). Utilization rates were calculated, and factors associated with each category were identified.

Results: Among 8,002 participants, 3,417 knees fulfilled our inclusion and exclusion criteria and were classified into
1 of 3 utilization categories as follows: 290 knees (8% of the total and 9% of the knees for which replacement was
potentially appropriate) were classified as “timely”, 2,833 knees (83% of the total and 91% of those for which replacement
was potentially appropriate) were classified as “potentially appropriate but not replaced”, and 294 knees (comprising 9%
of the total and 26% of the 1,114 total knee replacements performed) were considered to be “likely inappropriate” yet
underwent total knee replacement and were classified as “premature”. Of the knees that were potentially appropriate but
were not replaced, 1,204 (42.5%) had severe symptoms. Compared with the patients who underwent timely total knee

continued
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replacement, the likelihood of being classified as potentially appropriate but not undergoing total knee replacement was
greater for black participants and the likelihood of having premature total knee replacement was lower among participants
with a body mass index of >25 kg/m2 and those with depression.

Conclusions: In 2 multicenter cohorts of patients with knee osteoarthritis, we observed substantial numbers of patients
who had premature total knee replacement as well as of patients for whom total knee replacement was potentially
appropriate but had not been performed >2 years after it had become potentially appropriate. Further understanding of
these observations is needed, especially among the latter group.

Clinical Relevance: Undergoing total knee replacement too early may result in little or no benefit while exposing the
patient to the risks of a major operation, whereas waiting too long may cause limitations in physical activity that in turn
increase the risk of additional disability and chronic disease; however, little is known about timing of this surgery. We
quantified the extent of premature, timely, and delayed use, and found a high prevalence of both premature and delayed use.

T
otal knee replacement is a costly but effective elective
surgical procedure1. Nearly 1,000,000 procedures are
performed in the United States (U.S.) each year, and

projections of a rapid increase by 2030 have concerned policy
makers, with several initiatives aimed at restraining costs2-4.

On the other hand, total knee replacement underuse is often
acknowledged as a high priority by policy makers5,6. Health
insurance expansion under the Affordable Care Act is improving
coverage for disadvantaged populations4,7; however, given that
total knee replacement is a preference-based procedure, insurance

TABLE I Elements of the Modified Escobar Appropriateness Criteria for Total Knee Replacement*

Factor Description

Age

Level 1 <55 yr

Level 2 55 to 65 yr

Level 3 >65 yr

Knee stability

Level 1 Preserved mobility and stable joint (<5� flexion contracture and normal or minor medial or lateral gapping in the 20�
flexed knee)

Level 2 Limited mobility and/or unstable joint (‡5� flexion contracture and/or moderate or severe medial or lateral gapping in
the 20� flexed knee)

Compartments involved

Level 1 Unicompartmental

Level 2 Bicompartmental or tricompartmental

Radiographic findings

Level 1 KL grade, <3

Level 2 KL grade, 3

Level 3 KL grade, 4

Symptomatology†

Level 1 Slight (mild overall functional loss and function-related pain [e.g., up to half of WOMAC Pain and Physical Function
scale items scored as mild and combined scale scores from 0 to 11])

Level 2 Moderate (moderate overall functional loss and function-related pain [e.g., up to half of WOMAC Pain and Physical
Function scale items marked as moderate and combined scale scores from 12 to 22])

Level 3 Intense (intense overall functional loss and function-related pain [e.g., up to half of WOMAC Pain and Physical
Function scale items marked as intense and combined scale scores from 23 to 33])

Level 4 Severe (severe overall functional loss and function-related pain [e.g., up to half of WOMAC Pain and Physical Function
scale items marked as severe and combined scale scores ‡34])

*Sixteen combinations of factors, depending on levels involved, determined whether the person was appropriate or inappropriate for surgery. For
example, total knee replacement is appropriate for a ‡55-year-old patient with a KL (Kellgren-Lawrence) grade of 4 and intense or severe symptoms
but it is inappropriate for a patient with KL gradeof £3andslight symptoms.†Symptomatology is based on the combined WOMAC Pain and Physical
Function raw scores (score range, 0 to 88).
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coverage alone will not fully address utilization issues related to
additional barriers to treatment access and uptake8-12. Some patients
may decide after careful consideration not to have total knee
replacement despite severe knee pain, whereas othersmay elect total
knee replacement in the early stage of disease in order to maintain
functions that they consider to be critical.

Undergoing total knee replacement too early may result
in little or no benefit while exposing the patient to the risks of a
major operation, whereas waiting too long may cause limita-
tions in physical activity that in turn increase the risk of
additional disability and chronic disease13,14. Appropriate en-
gagement in a preference-based and evidence-based decision
that includes a full accounting of the risks and benefits of both
pathways (total knee replacement and no total knee replace-
ment) should minimize these adverse consequences.

Few reports have assessed the appropriateness of total
knee replacement among those who have undergone the pro-
cedure, or have quantified the premature use of total knee
replacement15-17, and no studies, to our knowledge, have quan-
tified delayed use or underuse. Available information in this
area is based principally on assumptions from studies exam-
ining racial, ethnic, and regional total knee replacement dis-
parities in the rates of actual procedures7,12,15 but not in relation
to potentially eligible populations. For example, it is unclear
if the utilization gap between whites and blacks is due to a
higher proportion of eligible blacks delaying or underusing
total knee replacement, more whites prematurely using total
knee replacement, or a mix of both. In addition, it is unclear
if factors that have been associated with disparities in the
utilization of total knee replacement also affect the timeli-
ness of total knee replacement or should be targets for
intervention.

We aimed to quantify the appropriateness and timeliness
of total knee replacement in 2 large multicenter cohorts of
individuals with or at high risk for developing knee osteoar-
thritis and to investigate the associated predictors.

Materials and Methods
Data Sources

We pooled data from 2 cohort studies of individuals with
or at high risk of developing knee osteoarthritis that

involved similar data-collection protocols. The Osteoarthritis
Initiative (OAI) is a prospective longitudinal cohort study
of persons recruited from the community who either had

symptomatic and radiographic knee osteoarthritis or were at
high risk for developing symptomatic and radiographic knee
osteoarthritis. The OAI study enrolled 4,976 persons ranging
from 45 to 79 years of age from February 2004 to May 2006 at 4
clinical sites (Baltimore, MD; Columbus, OH; Pittsburgh, PA;
and Pawtucket, RI). Participants were assessed at baseline and
at 12, 24, 36, 48, 60, 72, 84, and 96 months. The Multicenter
Osteoarthritis (MOST) study is also a prospective cohort study
of persons who either had knee osteoarthritis or were consid-
ered to be at high risk for the development of knee osteoar-
thritis. The MOST study enrolled 3,026 persons ranging from
50 to 79 years of age from April 2003 to April 2005 at 2 sites
(Birmingham, AL; and Iowa City, IA). Participants were as-
sessed at baseline and 15, 30, 60, 72, and 84 months. In both
cohorts, no treatment was provided to participants as part of
the study, and total knee replacement data were collected at all
assessments and were confirmed on the basis of radiographs
and/or medical records.

Total Knee Replacement Timeliness Classification
We applied validated total knee replacement appropriateness
criteria at baseline and follow-up time points to both cohorts17,18.
A procedure is considered appropriate if its expected benefit
exceeds its expected negative consequences by a sufficiently wide
margin19. Developed originally in 2003 by Escobar et al., and
updated by Riddle et al., the criteria include 16 mutually
exclusive combinations of 5 elements: age, symptomatology,
radiographic knee osteoarthritis severity, number of knee com-
partments involved, and knee stability (Table I)17,18. On the
basis of these criteria, patients were classified into 3 categories:
appropriate, inconclusive, and inappropriate. A description of
the criteria is provided in Appendix A; further details have been
provided elsewhere17. All assessments needed to apply the cri-
teria were available from the MOST dataset. A board-certified
musculoskeletal radiologist (C.F.) rated the extent of patello-
femoral osteoarthritis for participants in the OAI study, on the
basis of magnetic resonance imaging (MRI) findings, with
use of a modified Kellgren-Lawrence system as described by
Riddle et al.17, to determine the number of compartments
involved; this information was not readily available in the
OAI study. We combined individuals who were classified as
“appropriate” and “inconclusive” into 1 group for subse-
quent analyses as patients with these classifications have
been shown to have the same 2-year postoperative trajec-
tories of pain and functional improvement following total
knee replacement20. Given the preference-based nature of total
knee replacement, we defined this group as “potentially
appropriate” for total knee replacement and the inappro-
priate group as “likely inappropriate.”

To qualify for the current study, participants underwent
total knee replacement during the follow-up period and/or were
classified as “potentially appropriate” either at baseline or at a
follow-up visit. Participants were then assigned to 1 of 3 utilization
subgroups: (1) “timely” (that is, undergoing total knee replace-
ment within 2 years after being classified as potentially appro-
priate), (2) “potentially appropriate but not replaced” (that is,

Fig. 1

Diagramshowing the definitions of total knee replacement (TKR) utilization

categories: timely, premature, and potentially appropriate but not replaced.
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being classified as potentially appropriate but not having total
knee replacement within the 2-year follow-up period), and (3)
“premature” (that is, being classified as “likely inappropriate” at
the last follow-up visit before total knee replacement) (Fig. 1). In
the absence of a widely accepted definition for timely total knee
replacement, the 2-year window following the “potentially
appropriate” classification was chosen to allow patients enough
time to consider total knee replacement without waiting so long as

to cause further pain and more severe knee osteoarthritis and
result in worse postoperative outcomes21-24.

Analytical Plan
To describe the proportions of patients who were assigned to the
3 utilization subgroups and to derive confidence intervals (CIs),
we used as denominators (1) the number of individuals classified
as potentially appropriate (for those in the “timely” and

TABLE II Frequency of Demographic Variables by Total Knee Replacement Utilization Category

Timely (Surgery
within 2 Years After
Becoming Potentially

Appropriate)
(N = 290, 8%)

Potentially Appropriate but Not
Replaced (Surgery Beyond 2

Years After Becoming
Potentially Appropriate or No
Surgery During Follow-up
Period) (N = 2,833, 83%)

Premature (Surgery
Likely Inappropriate)

(N = 294, 9%)
P Value from

Chi-Square Test

Sex* 0.4695

Male 95 (32.76%) 1,002 (35.37%) 96 (32.65%)

Female 195 (67.24%) 1,831 (64.63%) 198 (67.35%)

Age* <0.0001

£55 yr 35 (12.07%) 434 (15.32%) 68 (23.13%)

56-63 yr 65 (22.41%) 781 (27.57%) 57 (19.39%)

64-69 yr 93 (32.07%) 679 (23.97%) 60 (20.41%)

70-75 yr 61 (21.03%) 602 (21.25%) 62 (21.09%)

‡76 yr 36 (12.41%) 337 (11.90%) 47 (15.99%)

Race* <0.0001

Non-Hispanic white 258 (88.97%) 2,122 (74.90%) 245 (83.33%)

Black 28 (9.66%) 637 (22.48%) 36 (12.24%)

Other/missing 4 (1.38%) 74 (2.61%) 13 (4.42%)

BMI* <0.0001

<25 kg/m2 34 (11.72%) 323 (11.40%) 94 (31.97%)

25-29 kg/m2 89 (30.69%) 902 (31.84%) 78 (26.53)

30-34 kg/m2 88 (30.34%) 887 (31.31%) 66 (22.45%)

‡35 kg/m2 79 (27.24%) 721 (25.45%) 56 (19.05%)

Education* 0.0019

High school or less/missing 84 (28.97%) 892 (31.49%) 74 (25.17%)

Some college 90 (31.03%) 788 (27.82%) 72 (24.49%)

College degree 46 (15.86%) 492 (17.37%) 46 (15.65%)

More than college 70 (24.14%) 661 (23.33%) 102 (34.69%)

Charlson class* 0.0187

0 180 (62.07%) 1,796 (63.40%) 210 (71.43%)

‡1 110 (37.93%) 1,037 (36.60%) 84 (28.57%)

Depression (CES-D score, ‡16)* <0.0001

No 235 (81.03%) 2,298 (81.12%) 270 (91.84%)

Yes 55 (18.97%) 535 (18.88%) 24 (8.16%)

SF-12 Physical Function Scale† 37.39 ± 9.37‡ 39.11 ± 9.26 41.44 ± 9.59‡ <0.0001

Living alone* 0.0309

No 251 (86.55%) 2,312 (81.61%) 230 (78.23%)

Yes 39 (13.45%) 521 (18.39%) 64 (21.77%)

*The values are given as the number of patients, with the percentage in parentheses. †The values are given as the mean and the standard
deviation. ‡Significant difference between Timely and Premature groups (t test; p < 0.05).
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“potentially appropriate but not replaced” subgroups) and (2) the
number of total knee replacements (for those in the “premature”
subgroup). We then estimated a multinomial logistic mixed-
effects regression (MLMR) model with the 3-category outcome
(timely, premature, and potentially appropriate but not replaced)
and with a site-specific random intercept for the 6 study sites to
account for within-site correlation. The variables that were in-
cluded as fixed effects were age, sex, race, educational status, body
mass index (BMI) category, Center for Epidemiological Studies
Depression (CES-D) scale score of >16 (indicating clinical
depression)25, Short Form-12 (SF-12) Physical Component
Summary score (PCS)26, Charlson Comorbidity Index score
(derived from a participant questionnaire)27, and whether or
not the participant was living alone.

We conducted a number of sensitivity analyses to addresses
the potential for misclassification. First, to address the potential
for misclassification as being “potentially appropriate but not re-
placed,” we applied a more conservative 4-year cutoff (instead of a
2-year cutoff). We also limited our analysis to participants whose
classification was consistently “potentially appropriate” over a 2-
year period (planned analysis) and 4-year period (sensitivity anal-
ysis) from the time they were first classified as such. Finally, we
limited our analysis to participants who were classified as “poten-
tially appropriate” by excluding those who were classified as
“inconclusive.” Second, to address the potential for misclassifi-
cation as “premature,” we limited our analyses to participants
with no more than 1 year between their appropriateness assess-
ment and total knee replacement to decrease the possibility of
deterioration in the knee between the assessment for appropri-
ateness and surgery28,29 (to minimize the potential overestimation
of the likelihood of being classified as “premature”). Third, to
address the potential effect of statistical dependence of 2 knees
from the same individual, we reran our models by randomly
selecting and including only 1 of the knees. The study was
approved by our institutional review board.

Results

Appropriateness classification was applied to both knees of
all 8,002 participants (16,004 knees) from the OAI and

MOST studies, of whom 852 underwent 1,114 total knee re-
placements over the study period. Of the examined knees,
12,587 were not studied further because they were classified
as “inappropriate” and did not have total knee replacement during
the study period. The remaining 3,417 knees (from 2,313 indi-
viduals) were classified into 1 of the 3 utilization categories as
follows: 3,123 knees (including 1,920 inconclusive knees) were
considered to be “potentially appropriate” for total knee replace-
ment (of which 290 knees were classified as “timely” and 2,833
kneeswere classified as “potentially appropriate but not replaced”),
and 294 knees were considered to be “likely inappropriate” yet
underwent total knee replacement and thus were classified as
“premature”. In the “potentially appropriate but not replaced”
group, 1,204 (42.5%) of the 2,833 knees had severe symptoms
(that is, combined Western Ontario and McMaster Universities
[WOMAC] Pain and Physical Function scores of ‡3417). Charac-
teristics of the 3 utilization groups are presented in Table II.

The 294 total knee replacements that were classified as
“premature” represented 26.4% (95% CI, 23.8% to 29.1%)
of the 1,114 total knee replacements performed during the
study period (Fig. 2). The 2,833 knees that were classified as
“potentially appropriate but not replaced” represented 90.7%
(95% CI, 89.6% to 91.7%) of the “potentially appropriate”
category (n = 3,123) (Fig. 2).

When all 3 utilization groups were included in the MLMR
analysis, with “timely” as the reference category, the odds of being
“potentially appropriate but not replaced” were 2.8 times greater
in blacks compared with whites (Table III). The odds of being
“premature” increased with living alone and decreased with being
overweight or obese, having depressive symptoms, and older age.

Sensitivity analyses showed that using a 4-year limit
for timely use reduced the proportion of those “potentially

Fig. 2

Histogram showing the proportion of knees characterized as “potentially appropriate but not replaced” among participants for whom total knee

replacement was appropriate (left column) and the proportions of knees characterized as “premature” and “potentially appropriate but not replaced”

among patients who underwent total knee replacement (right column).
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appropriate but not replaced” to 76.2%. Limiting the analysis to
participants whose classification was consistently “potentially
appropriate” over the initial 2-year period (n = 2,966) resulted in
the proportions of “timely” and “potentially appropriate but not
replaced” being 9.5% and 80.6%, respectively. With a 4-year
period of consistent classification (n = 2,476), the proportions
of “timely” and “potentially appropriate but not replaced” were
11.4% and 76.8%, respectively. Excluding individuals with in-
conclusive classification reduced the percentage of those “poten-
tially appropriate but not replaced” to 72.0%. When the analyses
were limited to participants with no more than a 1-year lapse
between their last appropriateness assessment and a total knee
replacement, the proportion of “premature” was 7.2%. Effect
estimates from the sensitivity analysis regressions were relatively
unchanged from the main analyses (see Appendix B).

Discussion

To our knowledge, the present study is the first to quantify
the extent of appropriateness for and timeliness of total

knee replacement. Most (90.7%) of the knees that were clas-
sified as potentially appropriate for total knee replacement were
unreplaced within our time frame for timely use, whereas
approximately one-quarter (26.4%) of the total knee replace-
ments that were performed appeared to have been done pre-

maturely. These findings were robust in multiple sensitivity
analyses. Being of black race was associated with an increased
chance of being in the “potentially appropriate but not replaced”
subgroup, and younger age, living alone, normal weight, and no
evidence of clinical depressionwere associated with premature use.
With nearly 1,000,000 total knee replacements being performed
in the U.S. each year2,3, the present study provides important
impetus for future efforts directed at measuring and improving
timely utilization of total knee replacement.

Our study suggests that there is a potentially large number
of patients with knee osteoarthritis in the U.S. who could benefit
from total knee replacement but do not undergo the procedure.
The majority of patients who were potentially appropriate for
total knee replacement did not undergo the procedure within 2
to 4 years after it had become appropriate. Among those, nearly
half had severe symptoms (that is, combinedWOMAC Pain and
Physical Function scores of ‡34) and therefore potentially could
have experienced large improvement following surgery1.While it
is reasonable to assume that a subset of such patients have sensible
reasons for not undergoing total knee replacement (for example,
medical contraindications or the need to delay surgery because of
the responsibility of caring for others (e.g., a spouse or parent), the
rest actually may benefit from surgery. Black race, which was
statistically associated with an increased chance of being in the

TABLE III Factors Associated with Being Characterized as “Premature” or “Potentially Appropriate but Not Replaced”*†

Potentially Appropriate but Not Replaced Versus Timely Premature Versus Timely

Sex (reference, female)

Male 1.17 (0.89, 1.53) 0.97 (0.68, 1.40)

Age (reference, £55 years)

56-63 yr 1.05 (0.68, 1.62) 0.56 (0.32, 0.98)

64-69 yr 0.64 (0.42, 0.98) 0.35 (0.21, 0.61)

70-75 yr 0.87 (0.56, 1.36) 0.53 (0.30, 0.93)

‡76 yr 0.87 (0.53, 1.43) 0.79 (0.43, 1.48)

Race (reference, non-Hispanic white)

Black 2.81 (1.86, 4.25) 1.68 (0.97, 2.90)

Other/missing 2.32 (0.84, 6.44) 3.56 (1.12, 11.36)

BMI (reference, <25 kg/m2)

25-29 kg/m2 1.04 (0.68, 1.58) 0.33 (0.20, 0.55)

30-34 kg/m2 1.02 (0.67, 1.56) 0.31 (0.18, 0.52)

‡35 kg/m2 0.87 (0.56, 1.36) 0.33 (0.19, 0.56)

Education (reference, high school or less/missing)

Some college 0.82 (0.59, 1.12) 0.93 (0.59, 1.45)

College degree 1.02 (0.70, 1.50) 1.03 (0.61, 1.74)

More than college 0.91 (0.65, 1.27) 1.50 (0.96, 2.36)

Charlson score (reference, 0)

‡1 0.98 (0.76, 1.27) 0.79 (0.55, 1.13)

Depressed 0.88 (0.64, 1.21) 0.37 (0.22, 0.64)

SF-12 Physical Function Scale 1.02 (1.01, 1.03) 1.04 (1.02, 1.06)

Living alone (reference, no)

Yes 1.42 (0.99, 2.05) 2.04 (1.29, 3.22)

*The values are given as the odds ratio, with the 95% CI in parentheses. †Bold values indicate that the odds ratio is significantly different from 1.
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“potentially appropriate but not replaced” subgroup, provides
1 such example. In the U.S., blacks are less likely to utilize total
knee replacement than whites7,12,30, likely because of individual
and environmental factors. Blacks are more likely to have lower
expectations of surgery31. In addition, physician networks in com-
munities with higher proportions of black residents are more likely
to be smaller andmore insular, whichmay result in lower utilization
of and poorer access to total knee replacement32. Understanding the
reasons and barriers resulting in delay in those subpopulations is
important as the superiority of total knee replacement over non-
operative management has been demonstrated1.

With 26% of the 1,114 total knee replacements in our
study classified as premature, our study also suggests that some
patients currently undergoing total knee replacement are doing
so prematurely and, based on previous work20, likely will derive
little benefit from the procedure in terms of pain relief and
functional improvement. Given that total knee replacement
is a major operation, this observation raises the question of
whether these patients are undergoing surgery for some other
potential benefits such as fulfillment of social roles, which are
neither captured in the appropriateness criteria nor reflected in
the outcomes against which they were validated. Our results
provide support for these conjectures. Younger age and living
alone were associated with premature total knee replace-
ment. The most rapid increase in total knee replacement
rates is projected among patients <65 years of age33,34, who are
still in the workforce andmay be undergoing surgery for economic
necessities such as the anticipation of work loss or return to work.
Similarly, the anticipation of disability associated with knee
osteoarthritis may be driving patients who live alone to seek
surgery when the disease is in its early stages in order to avoid
the functional limitations associated with progression of the
disease. Whereas some of those patients may indeed have
legitimate reasons for undergoing total knee replacement early,
further research is needed to revisit what is appropriate and to
disentangle early yet appropriate total knee replacement use from
potential overuse.

Our findings illustrate the potential ramifications of ap-
plying appropriateness criteria to the utilization of an elective
procedure such as total knee replacement. Although appro-
priateness criteria are conventionally used to identify cases of
overuse for cost containment, the present study clearly shows
that applying such criteria to populations of patients may result
in an overall increase in projected health-care costs as the
potential for increased utilization of total knee replacement
among potentially appropriate patients with knee osteoarthritis
overshadows the savings from restraining premature use. Yet,
as alluded to earlier, these findings should be interpreted with
caution as the available criteria provide only a rough yardstick
that can inform the current patterns of use. Despite the fact that
the Escobar appropriateness classifications (that is, appropriate
or inappropriate) predict pain and function outcome trajec-
tories20, some of the included variables used to determine
appropriateness involved arbitrary cutoffs (for example, an age
of <55 years as compared with 55 to 65 years and Kellgren-
Lawrence grade of 3 compared with 4) that were not evidence-

based, may not be clinically relevant, and may not reflect
contemporary practice (for example, judgments of knee sta-
bility on the basis of lateral knee joint gapping). The Escobar
system was published in 2003, nearly 2 decades ago and likely
does not capture more contemporary patient-relevant prefer-
ences, particularly those of younger and more-active patients.
More refined and contemporaneous appropriateness criteria
are needed to more accurately assess total knee replacement
utilization in the U.S. The next generation of appropriate-
ness criteria should consider a more encompassing defini-
tion of benefit, potentially including data from registries
(for example, data on expected improvement) as well as
considering social determinants of health (for example,
living alone) to evaluate appropriateness. It is our hope that
the findings provided in the present report will help to
catalyze the development of contemporary criteria.

Our study has important limitations. Although the data
were obtained from 6 diverse sites (2 for the MOSTstudy and 4
for the OAI study) that included both university-based institutions
and community-based sites, and although we included a site-
specific random effect in our analyses to increase generalizability,
these sites may not be representative of all locations that treat
patients who have knee osteoarthritis. The MOSTand OAI studies
represent observational cohorts of community subjects with knee
osteoarthritis, themajority of whomwere not seeing a physician for
knee osteoarthritis, and there was no study protocol for referral for
evaluation and treatment unless abnormalities such as tumors or
osteonecrosis were present on images. Income and insurance may
be associated with utilization, yet those data were not consistently
collected in the 2 cohorts. Finally, participants with incomplete
follow-up were not excluded; however, we addressed this potential
limitation in a sensitivity analysis and restricted our sample to the
subset with nomore than 1 year between symptom assessment and
total knee replacement, with similar results.

Limitations notwithstanding, in the absence of national
longitudinal data on patients with knee osteoarthritis to whom
appropriateness criteria can be applied, these data provide the best
available estimates of the timeliness of total knee replacement
utilization in the U.S. Further understanding of these observations
is needed, especially in the cohort of potentially appropriate
patients whose knees remained unreplaced after 2 years.
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