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Use of a Validated Algorithm to Judge the Appropriateness of
Total Knee Arthroplasty in the United States

A Multicenter Longitudinal Cohort Study

Daniel L. Riddle, William A. Jiranek, and Curtis W. Hayes

Objective. In previous studies conducted outside
the US, �20% of total knee arthroplasty (TKA) surger-
ies were judged to be inappropriate. The present study
was undertaken to determine the prevalence rates of
TKA surgeries classified as appropriate, inconclusive,
and inappropriate in a knee osteoarthritis population in
the US.

Methods. We used a modification of a validated
appropriateness classification system and applied it to
patients in the Osteoarthritis Initiative data set who
underwent TKA. A variety of preoperative data were
used in the classification, including Western Ontario
and McMaster Universities Osteoarthritis Index pain
and physical function scores, radiographic features,
knee motion and laxity measures, and age.

Results. Data on 205 patients who underwent

TKA were examined. The prevalence rates for classifi-
cation of the procedure as appropriate, inconclusive,
and inappropriate were 44.0% (95% confidence interval
[95% CI] 37–51%), 21.7% (95% CI 16–28%), and 34.3%
(95% CI 27–41%), respectively.

Conclusion. Approximately one-third of TKA sur-
geries were judged to be inappropriate. Variation in the
characteristics of patients undergoing TKA was exten-
sive. These data support the need for consensus devel-
opment of criteria for patient selection among US
practitioners treating patients who are potential candi-
dates for TKA. Among the important issues, consensus
development needs to address variation in patient char-
acteristics and the relative importance of preoperative
status and subsequent outcome.

Several recent high-profile reports have de-
scribed the dramatic growth in the number of total knee
arthroplasties (TKAs) performed in the US (1–4). Be-
tween 1991 and 2010, for example, the annual volume of
TKA surgeries among Medicare beneficiaries increased
by 161.5%, and per capita utilization increased by 99.2%
over the same period (1). Some have suggested that
TKA is overutilized (2) or that overutilization may be
one factor explaining large per capita increases in the
rate of TKA surgery (1). Cram and colleagues (1)
contend that recent growth in the number of TKA
procedures is likely due both to an increase in utilization
of a highly effective procedure and to overutilization of
a procedure for which determination of need is highly
reliant on subjective criteria.

Any determination of the extent to which TKA
surgery is appropriate or inappropriate requires the use
of valid appropriateness criteria. Such criteria as applied
to patients undergoing TKA have been developed in
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other countries (5–8) but have not, to our knowledge,
been formally developed or studied in the US.

The most commonly recommended approach for
establishing appropriateness criteria for elective surgical
procedures is the RAND/University of California, Los
Angeles (UCLA) method (9–11). First, a systematic
literature review of risks of, benefits of, and indications
for the procedure is conducted. Second, an extensive
and mutually exclusive set of clinical scenarios (typically
numbering in the hundreds) is written to capture the full
range of potential patient scenarios reflecting all poten-
tially important clinical indications. Third, an expert
panel is formed to conduct a modified Delphi survey to
classify each scenario as appropriate, inconclusive, or
inappropriate for the procedure. A rating of “appropri-
ate’’ indicates that the expected benefits of the proce-
dure outweigh the expected harms to the extent that the
procedure is justified. A rating of “inconclusive’’ indi-
cates either that the expected benefits and harms are
roughly equal or that there was a lack of consensus
among panel members. A rating of “inappropriate’’
indicates that the expected harms outweigh the expected
benefits.

The most extensively studied RAND/UCLA-
based appropriateness algorithm for TKA is the ap-
proach developed in Spain by Escobar and colleagues
(5,12–15). Those authors conducted a systematic review
of TKA evidence related to indications, effectiveness,
and risks and used this evidence to develop 624 clinical
scenarios based on the following literature-based key
variables: symptom behavior, functional status, extent
and location of radiographically documented arthritis,
age, knee joint mobility and stability, and prior history of
surgical and nonsurgical treatment. A modified Delphi
survey approach was used with 2 independent national
panels (n � 11 each) of arthroplasty surgeons (n � 18)
and physiatrists or rheumatologists (n � 4). Reliability
of recommendations between the 2 panels regarding the
judgment of whether TKA for each scenario was appro-
priate, inappropriate, or inconclusive was found to be
high (weighted � � 0.75). In a subsequent study of 792
patients who underwent TKA (14), the largest improve-
ments on the Western Ontario and McMaster Universi-
ties Osteoarthritis Index (WOMAC) (16) 6 months
following surgery were demonstrated in patients whose
TKA was judged as appropriate based on the appropriate-
ness criteria (5), and the smallest improvements occurred
in those whose TKA was judged as inappropriate.

Ghomrawi and colleagues contend that TKA
appropriateness criteria like those developed by Escobar
and colleagues are among the most powerful tools for

improving quality of care and controlling costs (2).
Because in studies in other countries only 60–80% of
arthroplasty procedures were found to be appropriate,
Ghomrawi et al suggested that similar overutilization of
TKA might be occurring in the US. Given that no US
appropriateness criteria for TKA have been developed,
we used a modified version of the criteria described by
Escobar et al to make an initial approximation of the
proportion of knee arthroplasties performed in the US
that may be inappropriate. While Escobar and col-
leagues’ system was not designed for US patients, we
believe the key criteria used in the system (i.e., pain and
functional status, extent of radiographically evident ar-
thritis, age, and knee joint impairment) are likely among
the most important criteria for US patients as well (17).
Our purpose was to use a modified version of the
Escobar appropriateness criteria (5) to estimate the
proportion of TKA procedures in the US that would be
classified as appropriate, inconclusive, and inappropri-
ate. We hypothesized that the prevalence of TKAs
judged to be inappropriate would be similar to that
demonstrated in earlier studies (11,13,14), i.e., �20%.

PATIENTS AND METHODS

Patients. We used a subset of 4,796 persons enrolled in
the Osteoarthritis Initiative (OAI) from which to derive the
study population for the present study. The OAI is a privately
and National Institutes of Health–funded multicenter longitu-
dinal (5-year) prospective natural history study of persons with
or at high risk of knee OA. The data collection was approved
by the Institutional Review Boards of each of the following
participating sites: the University of Maryland (Baltimore,
MD), The Ohio State University (Columbus, OH), the Uni-
versity of Pittsburgh (Pittsburgh, PA), and Memorial Hospital
of Rhode Island (Pawtucket, RI).

Criteria for exclusion from the study were as follows: 1)
rheumatoid arthritis, 2) having undergone bilateral knee ar-
throplasty or already having established plans for bilateral
knee arthroplasty in the next 3 years, 3) bilateral end-stage
radiographic knee OA, and 4) use of ambulatory aids other
than a single straight cane for �50% of the time. In addition,
men weighing �130 kg and women weighing �114 kg were
excluded for technical reasons, because these patients were
unlikely to successfully undergo yearly magnetic resonance
imaging (MRI) examinations required in the OAI protocol.

Over the study period, 216 patients in the OAI under-
went knee replacement surgery. For persons who had TKA on
both knees in the same year (n � 18), we randomly selected
either the right or the left knee for study. A total of 11 persons
with unicompartmental knee replacement (1 lateral, 1 patell-
ofemoral, 9 medial) during the study period were excluded
because of our focus on TKA (Figure 1).

Radiographic measures. Knee radiography was per-
formed by highly trained technicians. The OAI investigators
used a standardized radiographic technique (standing, semi-
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flexed, posteroanterior projection) (18); assessment of joint
space width is more accurate and reproducible with this
approach as compared to knee-extended views (17–21).

The Kellgren/Lawrence (K/L) scale (22) and the Os-
teoarthritis Research Society International (OARSI) scales
(23,24) were used to quantify the pattern and severity of
tibiofemoral arthritis of both knees. K/L grades range from 0 to
4. A grade of 0 is normal, 1 indicates doubtful narrowing of
joint space and possible osteophyte(s), 2 indicates definite
osteophytes and possible narrowing of joint space, 3 indicates
the presence of definite joint space narrowing with some
sclerosis and possible deformity of bone ends, and 4 indicates
large osteophytes, marked narrowing of joint space, severe
sclerosis, and definite deformity of the distal tibia or femur.
The OARSI scale ranges from 0 to 3 and is used to grade the
extent of joint space narrowing in both the medial and the
lateral tibiofemoral compartments. A grade of 0 is normal, 1
indicates mild narrowing (1–33%), 2 indicates moderate nar-
rowing (34–66%), and 3 indicates severe narrowing (67–
100%). The lack of lateral or sunrise projections in the OAI
precludes radiographic K/L grading of the patellofemoral
compartment in these patients. Therefore, we developed a
K/L-based surrogate measure using OAI MRIs for the subset
of patients (n � 34) for whom a patellofemoral OA grade was
required in order to apply the algorithm, due to the location of
knee OA involvement. All radiographs and MRIs were ob-
tained yearly, and we used the images obtained at the most
recent visit prior to TKA surgery.

For assessment of the tibiofemoral joints, we used the
highly reliable radiographic scoring data provided by OAI
investigators. Test–retest reliability was substantial to almost
perfect (25), with weighted kappa coefficients for both K/L and
OARSI grades ranging from 0.70 to 0.87 for repeated inde-
pendent readings of 300 randomly selected knee radiographs
obtained 3–9 months apart. For assessment of the patellofemo-
ral joints, an experienced musculoskeletal radiologist (CWH),
who was blinded with regard to clinical and radiographic data,
used a modified K/L system based on MRIs, as noted above, to

determine the extent of patellofemoral OA (Table 1). The
weighted kappa for measures repeated by this radiologist over
a 6-month interval was 0.80 (95% confidence interval [95% CI]
0.61–0.99).

Escobar and colleagues (5) used the Ahlbäck radio-
graphic grading system to classify the extent of OA as slight
(Ahlbäck grade 1), moderate (grade 2 or 3), or severe (grade
4 or 5) (26). An Ahlbäck grade of slight is approximately
equivalent to a K/L grade of 3, while Ahlbäck grades of
moderate and severe approximate a K/L grade of 4. Reliability
among Ahlbäck and K/L scores has been shown to be substan-
tial (� � 0.63–0.78) (26,27).

Additional classification criteria. Age was classified
using the categories defined by Escobar and colleagues (5), i.e.,
�55 years, 55–65 years, and �65 years. To quantify the extent
of pain and functional loss (referred to by Escobar and
colleagues as symptomatology), we used combined scores from
the highly reliable and valid (16,28) WOMAC pain and
WOMAC physical function scales (22 items) obtained at the
most recent visit prior to surgery. Each item in the WOMAC
is scored from 0 to 4 (0 � none, 1 � mild, 2 � moderate, 3 �
severe, 4 � extreme), for a total score range of 0–88. We
divided combined WOMAC pain and function scores into 4
categories to reflect the slight, moderate, intense, and severe
symptomatology groupings defined by Escobar et al. We
reasoned that if a patient had a combined WOMAC pain and
physical function score of 0–11, this score was equivalent to up
to half of the items being marked as mild. Combined WOMAC
scores of 12–22, 23–33, and �34 were used to demarcate
moderate, intense, and severe symptomatology respectively, as
defined by Escobar and colleagues. For example, if the pa-
tient’s score was equivalent to that obtained when up to half of
the WOMAC items were graded as moderate (i.e., 12–22),
then the patient could be classified as having moderate symp-
tomatology. This approach allowed us to derive a mutually
exclusive and exhaustive scoring system from the WOMAC
which, in our view, approximates the symptomatology criterion
defined by Escobar et al.

In the knee joint mobility and stability criterion de-
fined by Escobar and colleagues (5), patients are categorized
as having limited mobility/stability if they have either �90
degrees of knee motion or �5 mm of medial or lateral gapping
during stress testing of an extended knee. To adapt the OAI
data, we classified patients as having limited mobility when

Table 1. Magnetic resonance imaging–based grading of patellofemo-
ral osteoarthritis

Grade Definition

0 Normal
1 No definite osteophyte (may have other limited cartilage/

bone/periarticular changes, but no joint space narrowing)
2 Definite osteophyte. Focal cartilage loss without extensive

involvement (i.e., no joint space narrowing)
3 Osteophyte plus significant cartilage loss involving at least 1

facet and/or trochlear surface (i.e., some joint space
narrowing)

4 Osteophyte plus complete cartilage loss involving �50% of
the medial and/or lateral patellofemoral compartment
(i.e., at least 1 surface of bone-on-bone joint space
narrowing)

Figure 1. Disposition of the patients in the Osteoarthritis Initiative
(OAI) assessed for inclusion in the study. TKA � total knee arthro-
plasty.
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Figure 2. Left side of the algorithm, modified from that developed by Escobar and colleagues (5), for use in classifying total knee arthroplasty
(TKA) procedures as appropriate, inappropriate, or inconclusive. Shown below the terminal node of each branch of the algorithm is the number
of patients who met the criteria for classifying the TKA as inappropriate (nodes 12, 13, 14, and 15) or classifying the appropriateness/
inappropriateness as inconclusive (node 16). Mod � moderate; K/L – Kellgren/Lawrence; Uni � 1 compartment; Bi � 2 compartments; Tri � 3
compartments.

Table 2. Criteria used to assess the appropriateness of total knee arthroplasty in patients with knee OA, in the study by Escobar et al (5) and as
modified in the present study*

Criterion Escobar et al Present study

Age �55 years or 55–65 years or �65 years �55 years or 55–65 years or �65 years
Radiologic findings Slight (Ahlbäck grade I) or moderate (Ahlbäck grades II

and III) or severe (Ahlbäck grades IV and V)
Slight (K/L grade �3) or moderate (K/L grade 4) or severe

(K/L grade 4)
Localization Unicompartmental tibiofemoral or unicompartmental plus

patellofemoral or tricompartmental
Unicompartmental tibiofemoral or unicompartmental plus

patellofemoral or tricompartmental
Knee joint mobility

and stability
Preserved mobility and stable joint (�0–90° range of

motion and absence of medial or lateral gapping of �5
mm in the extended knee) or limited mobility and/or
unstable joint (�90° range of motion and/or medial or
lateral gapping of �5 mm in the extended knee)

Preserved mobility and stable joint (�5° flexion contracture
and normal or minor medial or lateral gapping in the 20°
flexed knee) or limited mobility and/or unstable joint
(�5° flexion contracture and/or moderate or severe
medial or lateral gapping in the 20° flexed knee)

Symptomatology Slight (sporadic pain [e.g., when climbing stairs], daily
activities typically carried out, NSAID use for pain
control) or moderate (occasional pain [e.g., when
walking on level surfaces], some limitation of daily
activities, NSAID use to relieve pain) or intense (pain
almost continuous [e.g., when walking short distances or
standing for �30 minutes], frequent use of NSAIDs,
may require crutch or cane) or severe (pain at rest,
daily activities always significantly limited, frequent use
of analgesics-narcotics/NSAIDs, frequent use of walking
aids)

Slight (mild overall functional loss and function-related
pain [e.g., up to half of WOMAC pain and physical
function scale items scored from 0 to 11]) or moderate
(moderate overall functional loss and function-related
pain [e.g., up to half of WOMAC pain and physical
function scale items scored from 12 to 22]) or intense
(intense overall functional loss and function-related pain
[e.g., up to half of WOMAC pain and physical function
scale items scored from 23 to 33]) or severe (severe
overall functional loss and function-related pain [e.g.,
more than half of WOMAC pain and physical function
scale items scored �34])

* OA � osteoarthritis; K/L � Kellgren/Lawrence; NSAID � nonsteroidal antiinflammatory drug; WOMAC � Western Ontario and McMaster
Universities OA Index.
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they either had a flexion contracture of �5 degrees or were
graded as having moderate or severe medial or lateral gapping
during valgus or varus stress testing with the knee flexed to 20
degrees. We judge these criteria as being reasonably close
approximations of those used by Escobar and colleagues. The
complete list of classification criteria recommended by Esco-
bar and colleagues and the modifications made for the current
study are listed in Table 2. Escobar and colleagues used a
classification and regression tree approach (29) to confirm the
classification criteria. These classification algorithms, adapted
for use with OAI data, are illustrated in Figures 2 and 3.

Data analysis. For each patient, TKA surgery was
classified as appropriate, inappropriate, or inconclusive based
on the 16 terminal nodes of the algorithms developed by
Escobar et al (Figures 2 and 3). We combined totals for the 6
nodes representing inconclusive, 4 representing appropriate,
and 6 representing inappropriate and report prevalence rates
along with 95% CIs for each of these combined nodes.

RESULTS

A total of 205 patients (mean age 66.9 years; 122
[59.5%] female, 83 [40.5%] male) underwent TKA sur-
gery during the 5-year study period. Complete data on

all classification variables were available for 175 of these
patients (85.4%). The data that were most frequently
missing were preoperative radiographs (Table 3). Age
(t � 0.46, P � 0.65), combined WOMAC score (t � 1.1,
P � 0.29), sex (�2 � 2.13, P � 0.13), and body mass
index (t � 0.38, P � 0.70) were not significantly different
among those with and those without missing classifica-
tion data. A total of 25, 37, 49, 49, and 45 TKA surger-
ies were performed in years 1 through 5, respectively.
The mean � SD number of days from the preoperative
study visit to the surgery day was 177.9 � 99 (range
2–464).

TKAs classified as appropriate. In the 175 sub-
jects with complete data, TKA was classified as appro-
priate in 77 (44.0%) (95% CI 37–51%). The great
majority of patients in whom TKA was classified as
appropriate (n � 67 [87.0%]) had intense or severe
symptoms and a K/L score of 4 and were at least 55 years
of age (Figure 3). All but 1 of the remaining patients
whose TKA was classified as appropriate (n � 9

Figure 3. Right side of the algorithm, modified from that developed by Escobar and colleagues (5), for use in classifying TKA procedures as
appropriate, inappropriate, or inconclusive. Shown below the terminal node of each branch of the algorithm is the number of patients who met the
criteria for classifying the TKA as appropriate (nodes 1, 2, 4, and 6) or inappropriate (nodes 8 and 10) or classifying the appropriateness/
inappropriateness as inconclusive (nodes 3, 5, 7, 9, and 11). See Figure 2 for definitions.
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[11.7%]) had intense or severe symptoms, a K/L score of
3, and limited mobility and were at least 55 years of age
(Figure 3).

TKAs whose appropriateness was classified as
inconclusive. The classification of TKA was inconclusive
in 38 of the 175 patients (21.7%) (95% CI 16–28%)
(Figures 2 and 3). The most common combination of
findings for TKAs classified as inconclusive was the
presence of intense or severe symptoms, a K/L grade of
3, age �55 years, and normal mobility (n � 25 [65.8%]
[Figure 3]). The second most common combination of
findings in this group was the presence of intense or
severe symptoms, age �55 years, and a K/L grade of 4 in
only 1 compartment (n � 8 [21.1%]).

TKAs classified as inappropriate. In 60 of the
175 patients (34.3% [95% CI 27–41%), TKA was clas-

sified as inappropriate (Figures 2 and 3). Most TKAs
classified as inappropriate were either in a group of
patients who had slight or moderate symptoms and a
K/L grade of �3 (n � 24 [40.0%]) or a group who were
age �55 years and had moderate symptoms and a K/L
grade of 4 in only 1 compartment (n � 15 [25.0%])
(Figure 2).

DISCUSSION

This is, to our knowledge, the first study to
compare previously validated appropriateness criteria
(5) with actual TKA surgery cases in an extremely
well-documented US sample. It is important to note that
the approach described by Escobar and colleagues (5)
was intended for estimation of TKA appropriateness in
groups of patients but not for individual patients (14),
and we strongly endorse this approach. For example,
their system does not take into account medical comor-
bidities or body mass index, factors known to influence
outcome and risk of complications (30,31).

Many patients struggle with the decision of
whether to undergo TKA surgery (32). Patients must
consider issues such as their symptom severity and
psychological readiness, as well as surgical risk and
recommendations of the surgeon and other members of
the health care team. In addition to the variables
examined in this study, surgeons consider numerous
other patient-specific variables when recommending for
or against primary TKA surgery. Ultimately, surgical
decisions likely entail many factors beyond those in-
cluded in any single set of appropriateness criteria and
as a result, we suspect that any appropriateness criteria
will have limitations that may restrict application for
some individuals.

The most important and likely most controversial
finding of our study was the percentage of patients for
whom TKA was classified as inappropriate (34.3% [95%
CI 27–41%]). As seen in Figures 2 and 3, classifications
of inappropriate are driven first by the presence of slight
or moderate symptoms and second by presurgical K/L
grade, (usually �3 but sometimes applying as well to
patients with a grade of 4). Symptoms and K/L grades
were the two strongest predictors of judgments with
regard to TKA appropriateness in the regression models
tested by Escobar and colleagues and are therefore
weighted heaviest in the models. The third and fourth
criteria most commonly contributing to classification of
TKA as inappropriate are younger age (�55 years) or
knee mobility impairment.

Our definitions of slight and moderate symptoms

Table 3. Characteristics of the 205 patients who underwent total
knee arthroplasty*

Female 122 (59.5)
Age, mean � SD (range) years 66.9 � 46 (8.5–83)
Race†

White or Caucasian 170 (83.3)
Black or African American 26 (13.0)
Other 8 (3.7)

Baseline body mass index, mean � SD
(range) kg/m2

29.8 � 19.8 (4.8–43.5)

Presurgery WOMAC score, mean � SD
(range)‡

32.1 � 16.0 (0–86)

K/L grade§
0 2 (1.1)
1 2 (1.1)
2 16 (9.0)
3 56 (31.3)
4 103 (57.5)

OARSI score medial compartment/OARSI
score lateral compartment§

0 47 (26.3)/132 (73.7)
1 14 (7.8)/5 (2.8)
2 44 (24.6)/13 (7.3)
3 74 (41.3)/29 (16.2)

�5° knee flexion contracture or
moderate or severe laxity¶

84 (41.0)

Patellofemoral score#
1 1 (2.9)
2 10 (29.4)
3 17 (50)
4 6 (17.7)

* Except where indicated otherwise, values are the number (%).
WOMAC � Western Ontario and McMaster Universities Osteoar-
thritis Index; K/L � Kellgren/Lawrence; OARSI � Osteoarthritis
Research Society International.
† Data missing on 1 patient.
‡ Data missing on 12 patients.
§ Data missing on 26 patients.
¶ Flexion contracture measures were obtained only at baseline; knee
laxity measures were available only during years 2 and 3.
# In the patients for whom patellofemoral grades were required for
classification using the system of Escobar et al (5).
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were based on quartiles of combined WOMAC pain and
function scores. Patients with slight or moderate symp-
toms had combined WOMAC scores of �22 of a
possible total of 88. Combined WOMAC pain and
function scores prior to TKA surgery typically average in
the high 40s to low 50s (32,33). Patients with mild or
moderate symptoms in the present study for whom TKA
was classified as inappropriate (n � 46) had a mean �
SD combined WOMAC score of 18 � 11.4), indicating
that their pain and functional loss was less than half that
of the average patient undergoing TKA.

One factor that may have influenced the severity
of pain and functional loss was the number of days from
WOMAC assessment to surgery. The 46 patients with
mild or moderate symptoms in whom TKA was classified
as inappropriate completed the WOMAC scale a
mean � SD of 195 � 96 days (range 7–378) prior to
surgery. However, we tested the correlation between
combined WOMAC score and number of days from
surgery and found a Pearson’s r of 0.07 (P � 0.64),
indicating that time from surgery was not associated with
the combined WOMAC score. Either no worsening (34)
or very slight worsening (35) (on the order of 1 or 2
points on the WOMAC scale) occurs in patient popula-
tions during the 6–12-month period prior to TKA. Given
that data on approximately half of our patients in the
inappropriate TKA group were collected �6 months
before surgery, we suspect that any undetected mild
worsening over longer waiting periods had minimal
effect on our findings, though this is a limitation of the
study design.

If patients elected to undergo TKA because of
severe symptoms experienced in conjunction with only a
few activities as opposed to a more global functional
disability, use of the highest (worst) scoring WOMAC
item may be better suited to classification than the total
WOMAC score. In an a posteriori sensitivity analysis we
identified the highest (worst) single item from the
presurgery WOMAC for each patient and used this
single item score to classify symptomatology. We applied
this new symptomatology rating to appropriateness clas-
sifications as applied in the main analysis and found
rates of 37.7%, 19.4%, and 42.9% for ratings of appro-
priate, inconclusive, and inappropriate, respectively.
These ratings were reasonably similar to those obtained
in the original analysis, and we believe the differences
are likely attributable to the greater error associated
with single items (36) as compared to the multi-item
combined WOMAC.

An age of �55 years was another criterion that
was combined with symptom and K/L scores to classify

TKA as inappropriate in 7 patients. This age threshold is
an arbitrary standard, although a US-based consensus
document (17) and a population-based survey of Cana-
dian surgeons suggest that an age of �55 years is reason
to question TKA candidacy (37). TKA utilization is,
however, increasing in younger patients not only in the
US (38) but also in Europe (39), which indicates that
consensus is lacking. If we reconsidered this admittedly
arbitrary age criterion and reclassified those in the
inappropriate TKA category who were �55 years old as
instead being in the category “inconclusive,” the number
of cases of inappropriate TKA would total 53 (30% of
the study sample).

The most frequent reason TKA was classified as
inappropriate in patients with intense or severe symp-
toms was a preoperative K/L grade of �2. A K/L score
of �2 indicates that there is no joint space narrowing.
Most commonly, recommendations for TKA require the
presence of moderate or severe arthritis (37) or joint
failure (17), implying the presence of at least some
degree of joint space narrowing.

Patients in this study in whom TKA was classified
as inappropriate generally had either mild or moderate
symptoms or K/L grades of �2. Patients seek knee
replacement primarily because of knee pain and the
associated impact of pain on daily life (40). Given that
most of these patients either had pain and functional
loss scores that were less than half those in typical
patients undergoing TKA or they had no joint space
narrowing, it seems reasonable to question whether
TKA was the most appropriate intervention for this
subgroup. Among patients in whom TKA was classified
as appropriate, 67 (87%) reported intense or severe
symptoms (mean � SD combined WOMAC score
39.9 � 11.3), had a K/L grade of 4, and were age �55
years (mean � SD 69 � 6.1). This symptom, disease
status, and age profile more closely approximates the
typical patient who undergoes TKA (32,33).

Not surprisingly, the group of patients in whom
the appropriateness of TKA was classified as inconclu-
sive had the most heterogeneous sets of findings. The
most common category of inconclusive ratings consisted
of patients (n � 25) with intense or severe symptoms,
age �55 years, normal mobility, and a K/L grade of 3.
Escobar and colleagues’ system is a consensus-based
classification system built via a series of Delphi surveys
(5). It is the inconclusive category in which the Delphi
participants in their study demonstrated the greatest
disagreement so it is not surprising that the profiles of
these patients are the most varied.

Escobar et al included OA pain/antiinflammatory

2140 RIDDLE ET AL



medication use in their symptomatology assessment
(Table 2). We chose to use only WOMAC pain and
function scores to rate symptomatology. Our rationale
was that medication usage and pain and functional status
may not be strongly associated for a variety of reasons,
and therefore may not allow for clear classification
decisions. A patient may, for example, report severe pain
and functional loss yet not use pain/antiinflammatory
medication because of intestinal bleeding or cardiovas-
cular risks. In lieu of including medication data in the
classification, we used OAI data to determine whether
the 3 classification categories differed in the proportion
of patients who reported using nonprescription or pre-
scription pain/antiinflammatory medications for more
than half the days over the previous 30 days, as reported
during the OAI visit prior to TKA surgery. A total of
72% of the patients had used these medications, and
there were no differences among the classification cate-
gories (�2 � 0.84, P � 0.66).

History of prior surgery on the knee undergoing
TKA was also assessed in the study by Escobar et al. We
examined whether the classification categories of appro-
priate, inappropriate, or inconclusive included different
proportions of subjects who had undergone knee surgery
prior to TKA. We found that 37% of the patients
reported prior surgery on the involved knee, with no
differences among the 3 classification categories (�2 �
3.7, P � 0.16). In Escobar’s study, a history of prior
surgery explained only 3% of the variability in classifi-
cation (as compared, for example, to 62% of variability
explained by symptomatology). Our data also suggest
that prior surgery is not a key variable associated with
appropriateness ratings.

Our study has several important limitations. The
most important limitation relates to use of the Escobar
et al classification system (5). Although the system is, in
our view, the most sound and well-validated of available
appropriateness criteria, it may not be generalizable to
current US patients. While the 3 most heavily weighted
criteria, i.e., pain, functional loss, and extent of knee
OA, have been frequently cited as key factors driving
candidacy for TKA (17,41), the Escobar criteria were
based on evidence published prior to 1999 and do not
include features subsequently demonstrated to also have
an important prognostic role. Medical comorbidities and
body mass index, for example, were not accounted for in
the system, and recent studies have demonstrated effects
of comorbidities and extreme obesity on complication
rates and outcomes (30,31,42). Additionally, the OAI
sites are located in the midwestern, eastern, and north-
eastern US, and participants live in the communities

surrounding the sites. It is unclear whether the data
represent TKA appropriateness rates in the entire US.
Future research should better account for area variation
in TKA use (43) when estimating rates of appropriate-
ness.

Importantly, the Escobar system is conceptually
grounded in the assumption that TKA should be per-
formed in patients with severe pain and functional loss
whose OA is in a late stage. While these are the patients
who generally exhibit the greatest improvements follow-
ing TKA (32), the literature lacks consensus on this issue
(44,45). The absence of comorbidity and obesity data in
guiding classification further reinforces the importance
of not applying Escobar et al’s system to individual
patients for decision-making, but rather applying it to
patient groups. In addition, our measures of knee mo-
bility and stability were not obtained at every yearly visit
and therefore may have underestimated the proportion
of patients with limitations in this regard. In 8 patients in
whom TKA was classified as inappropriate, mobility/
stability was scored as normal, and some of these may
have been false-negatives.

In conclusion, we used a modification of the
Escobar et al appropriateness criteria (5) to obtain an
initial estimate of the proportions of TKAs performed in
the US that are appropriate, inappropriate, and incon-
clusive. The rate of TKAs determined to be inappropri-
ate was higher than we expected: we found approxi-
mately one-third of TKAs performed on OAI
participants to be inappropriate based on the criteria
applied. This result was driven primarily by the bias of
the Escobar et al criteria toward finding persons who are
age 55 years and older with high levels of pain and
functional loss and severe knee OA to be the best
candidates for TKA. Because there is no consensus in
the US on TKA candidacy, there is extensive variation in
the characteristics of patients who undergo the proce-
dure, particularly with regard to knee pain, OA severity,
and extent of functional loss. It is likely that this
variation will continue until consensus is reached on the
key criteria that should drive decisions to recommend
TKA to patients. In our view, work should now focus on
developing a consensus-based appropriateness classifi-
cation system for patients in the US.
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