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Background: The American Academy of Orthopaedic Surgeons (AAOS) Appropriate Use Criteria (AUC) for
Surgical Management of Osteoarthritis of the Knee (2016) and Management of Osteoarthritis of the Hip
(2017) are intended to provide treatment recommendations for osteoarthritis (OA). This study examined
the agreement of AUC appropriateness classifications with arthroplasty surgeon recommendations for
total knee arthroplasty (TKA) and total hip arthroplasty (THA).
Methods: The cohort included 558 OA patients (397 knee, 161 hip) referred to a specialty arthroplasty
clinic. Surgeons completed the online AAOS AUC patient profiles to generate appropriateness ratings.
Surgeons’ recommendations for treatment were recorded. We performed univariate and bivariate ana-
lyses to evaluate relationships between AUC appropriateness and surgeon recommendations.
Results: The knee OA AUC classified TKA as “appropriate” for 309 (77.8%) of the 397 knee OA patients.
Surgeons recommended TKA for 123 (31.0%), resulting in 46.8% (n ¼ 186) higher rate of “appropriate”
classification by AUC than TKA recommendation by surgeons. Weighted Cohen’s k demonstrated slight
agreement (k ¼ 0.06, 95% confidence interval: 0.04, 0.09) between AUC appropriateness and surgeon TKA
recommendation. The hip OA AUC classified THA as “appropriate” for 98 (60.9%) of the 161 hip OA pa-
tients. Surgeons recommended THA for 76 (47.2%), resulting in 13.7% (n ¼ 22) higher rate of “appro-
priate” classification by AUC than THA recommendation by surgeons. Weighted Cohen’s k demonstrated
moderate agreement (k ¼ 0.47, 95% confidence interval: 0.37, 0.57) between the AUC appropriateness
classification and the surgeon’s THA recommendation.
Conclusions: AAOS AUC guidelines indicated surgical appropriateness significantly more than arthro-
plasty surgeons. AUC agreed slightly with surgeons for TKA and moderately for THA.
© 2024 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Total joint arthroplasty (TJA) is a common treatment for osteo-
arthritis (OA) of the knee and hip. By 2025, the annual primary total
knee arthroplasty (TKA) utilization in the USA is projected to reach
1,272,000 (95% confidence interval [CI]: 1,200,000-1,710,000) and
the primary total hip arthroplasty (THA) utilization is projected to
reach 652,000 (95% CI: 610,000-696,000) [1]. Though common and
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effective, TJA is a major surgery that carries the risk of unsatisfac-
tory outcomes. Data indicate that 16% of TKA patients and 10.5% of
THA patients report unsatisfactory outcomes during 1-year post-
operative follow-up [2]. Efforts to minimize or eliminate subopti-
mal outcomes have included the creation of standardized decision-
making tools to aid in the shared decision-making process between
patients and surgeons.

In 2003, Escobar et al. used the RAND/University of California
Los Angeles (UCLA) method to create the first appropriateness
criteria for TKA [3]. In 2016 and 2017, the American Academy of
Orthopaedic Surgeons (AAOS) used the RAND/UCLA method to
create the current appropriate use criteria (AUC) for the surgical
management of osteoarthritis of the knee and management of
sociation of Hip and Knee Surgeons. This is an open access article under the CC BY-
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Table 1
Knee OA patient demographics.

Variable Mean Range

Age 66.5 y 24-96 y
BMI 32.5 kg/m2 18.5-67.4 kg/m2

Patient sex N (total ¼ 397) % of knee OA patients
Men 119 30.0
Women 278 70.0

Insurance type
Medicare 197 49.6
PPO 144 36.3
Medicaid 49 12.3
HMO 2 0.5
Military 1 0.3
Workers’ compensation 1 0.3
Uninsured 3 0.8

Ethnicity/race
White 181 45.6
Black 145 36.5
Asian 2 0.5
Native American 1 0.3
Hawaiian/Pacific Islander 0
Hispanic ethnicity, race - "other" 37 9.3
Hispanic ethnicity, race - White 6 1.5
Hispanic ethnicity, race - Black 0
“Other” 3 0.8
Unknown 5 1.3
Declined to report 5 1.3

PPO, preferred provider organization; HMO, health maintenance organization.

Table 2
Hip OA patient demographics.

Variable Mean Range

Age 64 y 27-91 y
BMI 30.2 kg/m2 17-47.9 kg/m2

Patient sex N (total ¼ 161) % of hip OA patients
Men 60 37.3
Women 101 62.7

Insurance type
Medicare 74 46.0
PPO 59 36.7
Medicaid 24 14.9
HMO 0
Military 3 1.9
Uninsured 1 0.6

Ethnicity/race
White 83 51.6
Black 66 41.0
Asian 1 0.6
Native American 1 0.6
Hawaiian/Pacific Islander 0
Hispanic ethnicity, race- "other" 5 3.1
Hispanic ethnicity, race - White 2 1.2
Hispanic ethnicity, race - Black 0
“Other” 0
Unknown 3 1.9
Declined to report 0

PPO, preferred provider organization; HMO, health maintenance organization.
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osteoarthritis of the hip, respectively [4,5]. These criteria may be
used to classify the decision to use specific treatment modalities as
“appropriate,” “may be appropriate,” or “rarely appropriate.” After
the AUC release, Riddle et al. analyzed the AUC for TKA and THA to
identify which patient characteristics were most weighted within
the AUC, although they did not compare the AUC results with
surgeon recommendations [6,7]. Their analysis revealed that the
strongest variables affecting TKA appropriateness classification in
the surgical management of osteoarthritis of the knee were patient
age, knee motion, radiographic OA severity, and pattern of knee
compartment involvement, whereas function-limiting pain
contributed little [6]. Their investigation of the management of
osteoarthritis of the hip revealed that patient age and radiographic
OA severity were, by far, the most powerful predictive variables
leading to appropriateness for THA and that pain resulting in
functional limitation did not contribute significantly to appropri-
ateness for surgery [7]. Evidence suggests that arthritic pain (level
of intensity, lifestyle impact, and ability to cope) is the most
important factor for patients and surgeons in deciding whether to
elect for TJA [8-10].

Given the discrepancy between the most powerful predictive
variables in the AAOS AUC on the one hand and surgeon and patient
priorities on the other, an evaluation of the utility of the AUC in
modern practice is warranted. To date, validation studies on this
topic have only been performed outside of the USA. [11-13]. We
therefore evaluated the agreement of the AAOS AUC Surgical
Management of Osteoarthritis of the Knee and Management of
Osteoarthritis of the Hip with fellowship-trained arthroplasty sur-
geon treatment recommendations in a United States cohort. Pre-
vious research demonstrating discrepancies between the variables
most predictive of AUC appropriateness classifications and the
priorities of surgeons and patients prompted us to hypothesize that
there could be a considerable level of disagreement between AUC
surgical appropriateness ratings and fellowship-trained arthro-
plasty surgeons’ recommendations.

Material and methods

Patients and data

This study was performed on a prospective cohort of 558
consecutive patients with OA (397 knee and 161 hip), who pre-
sented to a specialty arthroplasty clinic for evaluation of their
respective condition by 1 of 4 participating fellowship-trained
arthroplasty surgeons. We excluded patients with non-OA di-
agnoses from the analyses. All qualifying patients evaluated be-
tween January and April of 2023 were invited to provide informed
consent and join the study cohort. At the time of visit, the knee OA
sample group patient mean age was 66.5 years (range, 24-96) and
mean body mass index (BMI) was 32.5 kg/m2 (range, 18.5 -67.4).
The sample contained 119 (30.0%) men and 278 (70.0%) women.
Knee OA patient demographics are contained in Table 1. At the time
of visit, the hip OA sample group patients mean age was 64 years
(range, 27-91) andmean BMI was 30.2 kg/m2 (range,17.0-47.9). The
group contained 60 (37.3%) men and 101 (62.7%) women. Hip OA
patient demographics are included in Table 2.

Surgeons completed consultationwith each patient according to
their usual practice. At the end of each patient encounter, the sur-
geon’s treatment recommendation was recorded. Surgeon recom-
mendations were categorized as 1) recommend TKA/THA; 2)
recommend nonsurgical care in the absence of medical contrain-
dication to TKA/THA; and 3) recommend nonsurgical care due to
medical contraindication to TKA/THA. At the conclusion of each
patient visit, surgeons also completed the patient profile for the
online knee or hip OA AAOS AUC (Fig. 1) and the resulting AUC
appropriateness rating for each available interventionwas recorded
by nonsurgeon research staff. The AUC appropriateness classifica-
tion result was not shared with surgeons to avoid biasing their
recommendations. The knee AUC provides appropriateness for 3
surgical procedures (TKA, unicompartmental knee arthroplasty
[UKA], and realignment osteotomy [RO]); the hip AUC provides
appropriateness for surgical and nonsurgical treatments. Patient
demographic information and clinical characteristics were recor-
ded. This study was performed with supervision and approval by
our institutional review board.



Figure 1. American Academy of Orthopaedic Surgeons appropriate use criteria indication profile input screens for (a) surgical management of knee osteoarthritis and (b) man-
agement of hip osteoarthritis.
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Data analyses

Knee and hip OA patient data were compiled and analyzed by
SAS software (Cary, North Carolina). We report knee and hip OA
sample demographic data, AUC appropriateness ratings, and sur-
geon recommendations. G-testing was performed to confirm the
significance of observed relationships between the AUC appropri-
ateness classification and the surgeon’s TKA or THA recommen-
dation. Significance cutoff was set at a ¼ 0.05. Where appropriate,
odds ratios were calculated to assess the likelihood of surgeon
recommendations in relation to AUC appropriateness ratings for
TKA and THA. Interrater agreement between AUC appropriateness
classification and surgeon TKA/THA recommendation was evalu-
ated with weighted Cohen’s k using Fleiss-Cohen weighting. Pre-
vious research established that k statistic <0 indicates poor
agreement, 0-0.2 slight agreement, 0.21-0.4 fair agreement, 0.41-
0.6 moderate agreement, 0.61-0.8 substantial agreement, and 0.81-
1 almost perfect agreement [14].
Table 3
Patients by AUC classification for TKA, UKA, and RO.

Total N ¼ 397 Knee OA surgical management options

AUC appropriateness category TKA UKA RO

Appropriate 309 (77.8%) 13 (3.3%) 0
May be appropriate 88 (22.2%) 125 (31.5%) 23 (5.8%)
Rarely appropriate 0 259 (65.2%) 374 (94.2%)
Results

Of the 397 knee OA patients, AUC classified TKA as “appropriate”
for 309 (77.8%) and “may be appropriate” for 88 (22.2%) patients.
AUC did not classify TKA as “rarely appropriate” for any patients in
the sample. AUC classified UKA as “appropriate” for 13 (3.3%) pa-
tients, “may be appropriate” for 125 (31.5%) patients, and “rarely
appropriate” for 259 (65.2%) patients. AUC did not classify RO as
“appropriate” for any patient. AUC classified RO as “may be
appropriate” for 23 (5.8%) patients and “rarely appropriate” for 374
(94.2%) patients. Knee OA AUC treatment classification data are
contained within Table 3.

Surgeons recommended TKA for 123 (31.0%) of the 397 knee OA
patients, resulting in an overall 46.8% higher probability of
“appropriate” classification by AUC algorithm than arthroplasty
surgeon recommendation for TKA. Patients for whom TKA was
rated as “appropriate” were less likely to be recommended surgery
than nonoperative care with 36.9% probability of being recom-
mended TKA, 41.1% probability of being recommended nonopera-
tive care without specific contraindication against TKA, and 22.0%
probability of recommendation against TKA due to contraindication
(Fig. 2). Those for whom TKA was rated as “may be appropriate”
were also less likely to be recommended surgery than nonoperative
care with 10.2% probability of being recommended TKA, 76.1%
probability of being recommended nonoperative care without
specific contraindication to TKA, and 3.0% probability of being
recommended against TKA due to contraindication (Fig. 2). Signif-
icance of observed relationships between AUC appropriateness and
surgeon recommendationswere supported byG-test (c2¼ 26.5, P<
.0001). Patients for whom TKAwas classified as “appropriate”were
more likely to be recommended TKA than those for whom it was
classified as “may be appropriate” (odds ratio: 5.1, 95% CI: 2.5, 10.6).
Specific medical contraindications leading surgeons to recommend
nonoperative treatment to patients for whom AUC rated TKA as
“appropriate” included BMI, insufficiently controlled diabetes
mellitus, and tobacco use. Surgeons’ rationale for recommending
nonoperative treatment to patients for whom TKA was rated as
“appropriate” by AUC are detailed within Table 4. No patients were
recommended UKA or RO. Calculated weighted Cohen’s k for
interrater agreement demonstrated only slight agreement (k ¼
0.06, 95% CI: 0.04, 0.09) between the AUC appropriateness classi-
fication and the surgeon’s TKA recommendation.



Figure 2. Sankey diagram demonstrating relationships between appropriate use criteria classification and surgeon total knee arthroplasty recommendations. Percentages listed in
flow represent the probability of each surgeon’s recommendation for the respective appropriate use criteria classification group. %* represents the percentage of patients relative to
the total knee osteoarthritis cohort.
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Treatment categories included in the AAOS AUC for manage-
ment of hip osteoarthritis are risk factor assessment and optimi-
zation, activity modifications, assistive devices, oral nonsteroidal
anti-inflammatory drug (NSAID)/acetaminophen/tramadol, corti-
costeroid injection (CSI), physical therapy, THA, hip preservation
surgery, and arthrodesis. Risk factor assessment and optimization,
activity modifications, assistive devices, oral NSAID/acetamino-
phen/tramadol, and CSI were rated as “appropriate” for every hip
OA patient in the study sample. Hip preservation surgery and
arthrodesis were rated as “rarely appropriate” for every patient in
the study sample. Physical therapy was rated as “appropriate” for
158 (98.1%) patients and “may be appropriate” for 3 (1.9%) patients.
THA was rated as “appropriate” for 98 (60.9%) patients, “may be
appropriate” for 29 (18.0%) patients, and “rarely appropriate” for 34
(21.1%) patients. Hip OA AUC classification data are represented in
Table 5.

Surgeons recommended THA for 76 (47.2%) of the 161 hip OA
patients, resulting in 13.67% (n ¼ 22) higher overall probability of
“appropriate” classification by the AUC algorithm than a recom-
mendation for THA by fellowship-trained arthroplasty surgeon.
Unlike the pattern observed for TKA, patients for whom THA was
rated as “appropriate” were more likely to be recommended THA
than nonoperative care with 72.4% probability of being recom-
mended THA, 13.3% probability of being recommended nonopera-
tive care without specific contraindication to THA, and 14.3%
probability of being recommended against THA due to contraindi-
cation (Fig. 3). Like TKA, patients for whom THA was classified as
“may be appropriate” were less likely to be recommended surgery
than nonoperative care with 10.3% probability of being
Table 4
Patients not recommended surgery with an AUC "appropriate" rating.

No medical contraindication Knee OA Hip OA

Patient has not failed nonoperative management 123 9
Mild joint symptoms only 4 4

Medical contraindication Knee OA Hip OA

BMI above recommended range 44 7
Insufficiently controlled diabetes 3 0
Tobacco use 1 1
Medical comorbidity not otherwise specified 20 6
recommended THA, 65.6% probability of being recommended
nonoperative care without specific contraindication to THA, and
24.1% probability of being recommended against THA due to
contraindication (Fig. 3). Patients for whom THA was classified as
“rarely appropriate” were less likely to be recommended surgery
than nonoperative care with 5.9% probability of THA recommen-
dation and 94.1% probability of recommendation for nonoperative
care without specific contraindication to THA (Fig. 3). Significance
of observed relationships between AUC appropriateness and sur-
geon recommendations were supported by G-test (c2 ¼ 72.8, P <
.0001). Patients for whom THAwas classified as “appropriate”were
more likely to be recommended for the procedure by surgeons than
patients for whom THA was classified as “may be appropriate” or
“rarely appropriate” (odds ratio: 30.5, 95% CI: 11.1, 84.2). Specific
medical contraindications leading surgeons to recommend
nonoperative treatment to patients for whom AUC rated THA as
“appropriate” included BMI, insufficiently controlled diabetes
mellitus, and tobacco use. Surgeons’ rationale for recommending
nonoperative treatment to patients for whom THA was rated as
“appropriate” by AUC are detailed within Table 4. Calculated
weighted Cohen’s k for interrater agreement demonstrated mod-
erate agreement (k ¼ 0.47, 95% CI: 0.37, 0.57) between the AUC
appropriateness classification and the surgeon’s THA
recommendation.
Discussion

This study was the first to evaluate the validity of the AAOS AUC
Surgical Management of Osteoarthritis of the Knee and Manage-
ment of Osteoarthritis of the Hip for TKA and THA in a US cohort.
We examined the agreement between AAOS appropriateness rat-
ings and fellowship-trained surgeon recommendations for TKA and
THA based on clinical and radiographic evaluation. The results
showed that the AUC classified TKA and THA as “appropriate” for
47% and 14% more patients than were recommended by surgeons,
respectively. The AUC significantly over-recommend surgery
compared to fellowship-trained arthroplasty surgeons’ clinical
judgment. The AUC are intended to designate those patients for
whom interventions offer expected health benefits that exceed the
possible negative consequences by a sufficiently wide margin [4,5].
Our findings suggest that care providers should exercise caution



Table 5
Patients by level of appropriateness for nine treatment categories in hip osteoarthritis: appropriate use criteria.

Hip OA treatment option Appropriateness category

Appropriate May be appropriate Rarely appropriate

Risk factor assessment and optimization 161 (100%) 0 0
Activity modifications 161 (100%) 0 0
Assistive devices 161 (100%) 0 0
Oral NSAID, acetaminophen, or tramadol 161 (100%) 0 0
CSI 161 (100%) 0 0
PT 158 (98.1%) 3 (1.9%) 0
THA 98 (60.9%) 29 (18.0%) 34 (21.1%)
Hip preservation surgery 0 0 161 (100%)
Arthrodesis 0 0 161 (100%)

PT, physical therapy.
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when utilizing the AAOS AUC appropriateness criteria andmaintain
a wariness of their tendency to over-recommend surgery.

An effective standardized decision-making tool would be ex-
pected to be able to classify management decisions in such away as
to be significantly aligned with those made by fellowship-trained
arthroplasty surgeons. This expected pattern was not observed
for TKA in our study, as patients for whom TKA was classified as
“appropriate” received significantly fewer recommendations for
TKA than nonoperative care by arthroplasty surgeons (Fig. 2). Our
results suggest that the RAND/UCLA methodology used to create
the AAOS AUC for Surgical Management of Osteoarthritis of the
Knee may have yielded an inaccurate evaluation of TKA appropri-
ateness in some cases. This is in line with previous work which
suggests that the factors most important to both patients and
surgeons (function-limiting pain) for TKA candidacy decisions are
not the main drivers of the AUC appropriateness classification [6,8-
10]. Another factor that may account for the AUC’s over-indication
of TKA is the fact that specific medical contraindications are not
accounted for in the AUC algorithm and are instead a factor that is
left for surgeons to recognize and apply. This accounted for 34.8%
(n ¼ 68) of patients with a surgery rating of “appropriate” who
were not recommended for surgery (Fig. 2). Our study contrasts
with a previous work performed in a Qatari cohort suggesting
that the TKA AUC was solidly in line with surgeons’ clinical
Figure 3. Sankey diagram demonstrating relationships between appropriate use criteria cla
each flow represent the probability of each surgeon’s recommendation for the respective
relative to the total hip osteoarthritis cohort.
decision-making [11]. This divergence may stem from differing
patient populations or differing surgeon practice patterns.

Though the AUC Management of Osteoarthritis of the Hip also
demonstrated a tendency to over-recommend THA, as previously
mentioned, our data showed that it did perform better in
approximating the clinical decisions made by our surgeons; pa-
tients for whom THA was classified as “appropriate” were rec-
ommended for the procedure more often than nonoperative care.
The observed tendency to recommend THA more often than
surgeons may be partially accounted for by the findings of pre-
vious work that the case characteristics that patients and sur-
geons most often use for THA decision-making (functional pain)
are not the main drivers of THA AUC classification [7-10]. This is
likely a major reason why 13.3% (n ¼ 13) of patients for whom
THA was classified as “appropriate” were treated with nonoper-
ative care instead of THA. A portion of the AUC tendency to over-
recommend THA likely also stems from the fact that medical
contraindications are not accounted for within the AUC algo-
rithm and are instead left to the clinician’s judgment. This was
the case for 51.9% (n ¼ 14) of patients for whom THA was clas-
sified as “appropriate” but were not recommended for THA.
Overall, our results regarding THA are comparable to those in
previous studies evaluating the accuracy of hip OA AUC per-
formed in a Qatari cohort [12].
ssification and surgeon total hip arthroplasty recommendations. Percentages listed in
appropriate use criteria classification group. %* represents the percentage of patients
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The utility that the hip OA AUC have in determining which pa-
tients are candidates for non-THA treatments is called into question
by the fact that risk factor assessment and optimization, activity
modifications, assistive devices, oral NSAID/acetaminophen/tra-
madol, and CSI were rated as “appropriate” for every single hip OA
patient and that hip preservation surgery and arthrodesis were
rated as “rarely appropriate” for every single hip OA patient. Further
research into the agreement of the AUC Management of Osteoar-
thritis of the Hip with arthroplasty surgeon recommendations for
non-THA treatment is merited.

Our study was subject to limitations. This study was performed
at a single center within an academic tertiary care hospital in the
USA. Findings may not have generalizability to population groups
and practice locations that are different from our own. The results
of our single-center validation study indicate that expansion to a
multicenter study is warranted and necessary to investigate the
agreement of the AAOS AUC for Surgical Management of Osteoar-
thritis of the Knee and Management of Osteoarthritis of the Hip
with recommendation of TKA and THA from fellowship-trained
arthroplasty surgeons in a US population. We also dichotomized
the surgeon’s recommendation regarding surgical intervention,
which may not fully represent the nuanced discussions that occur
in the decision-making process. Nonetheless, our data accurately
reflect whether the surgeon, through a process of shared decision-
making with the patient, ultimately made a recommendation for
surgery as the next best step. Furthermore, the double-blinded AUC
algorithm data entry was subject to human error.

Conclusions

Our hypothesis that the AUC would demonstrate a considerable
level of disagreement with the recommendations of our surgeons
was supported for TKA and was moderately supported for THA. The
AAOS AUC for Surgical Management of Osteoarthritis of the Knee
showed a strong tendency to over-recommend TKA compared with
our surgeons and demonstrated only slight agreement with them
(k ¼ 0.06, 95% CI: 0.04, 0.09). The AAOS AUC Management of
Osteoarthritis of the Hip appropriateness classifications for THA
were mostly in line with our surgeons’ recommendations but still
found to have only a moderate level of agreement (k ¼ 0.47, 95% CI:
0.37, 0.57). A multicenter study to verify these results is needed.
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