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Background: The aim of this study was to compare outcomes between total ankle replacement (TAR) and ankle
arthrodesis (AA) for ankle osteoarthritis using real-world data.

Methods: We used longitudinal claims data from New York State from October 2015 to December 2018, and from
California from October 2015 to December 2017. The primary outcome was revision. Secondary outcomes were in-hospital
complications and below-the-knee amputation. Propensity-score matching adjusted for differences in baseline character-
istics. To determine predictors of the main outcome, each group was analyzed using multivariable Cox regressions.

Results: There were 1,477 TAR procedures (50.2%) and 1,468 AA procedures (49.8%). Patients undergoing TAR were
less likely to belong to a minority group and had fewer comorbidities compared with those undergoing AA. Crude analyses
indicated that the TAR group had a lower risk of revision (5.4% versus 9.1%), in-hospital complications (<1% versus 1.8%),
and below-the-knee amputation (<1% versus 4.9%) (p < 0.001 for all). However, in the propensity-score-matched analysis,
the risk of revision was no longer significantly lower (TAR, 5.6% versus AA, 7.6%; p = 0.16). In the multivariable analyses,
older age was predictive of a lower risk of revision after TAR (hazard ratio [HR], 0.96 [95% confidence interval (CI), 0.93 to
1.00]), but age was not predictive of revision after AA (HR, 0.99 [95% CI, 0.97 to 1.01]). Female patients were less likely to
undergo revision after AA (HR, 0.61 [95%CI, 0.39 to 0.96]), but sex was not predictive of revision after TAR (HR, 0.90 [95%
CI, 0.51 to 1.60]).

Conclusions: The 2-year adjusted revision risk was 5.6% after TAR and 7.6% after AA. This difference did not reach
significance. Older age was a predictor of lower revision risk after TAR. Men had a higher risk of revision than women after
AA. The number of TAR procedures has now caught up with the number of AA procedures.

Level of Evidence: Therapeutic Level III. See Instructions for Authors for a complete description of levels of evidence.

E
nd-stage osteoarthritis of the ankle can be devastating,
causing great pain and discomfort1,2. Ankle arthrodesis
(AA) is considered the gold standard of surgical treat-

ment of end-stage ankle OA3-5. Total ankle replacement (TAR)
was introduced in the 1970s as an alternative to AA to allow
range of motion of the ankle joint. The first-generation TARs
failed early, but TAR design has evolved, as has surgeons’
understanding of indications for use6,7. Still, in recent series8-10,

5-year revision rates were >15%, which is much higher than
revision rates for hip and knee replacements, but possibly
comparable with reoperation rates after AA. Regardless, TAR
is gaining popularity among patients and surgeons, with a
steady increase in procedures performed4,11,12. The reasons for
the increase in TAR procedures are likely related to functional
limitations of AA associated with lack of ankle motion12,13.
Despite the increased interest in TAR, there is currently no
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consensus on which intervention is superior, or which
patients would benefit from TAR rather than AA.

The aim of this study was to compare risks and deter-
mine predictors of early revision (within 2 years) after primary
TAR and AA using propensity-score matching.

Materials and Methods

This study was approved by the Weill Cornell Medicine
institutional review board.
We used data from the New York State Department of

Health Statewide Planning and Research Cooperative System
(SPARCS) from October 2015 to December 2018, and data
from the California Office of Statewide Health Planning and
Development (OSHPD) from October 2015 to December
2017. SPARCS is an all-payer reporting system for all inpa-

tient, emergency department, and outpatient visits within
New York State, collecting patient characteristics, diagnoses,
and procedures. The OSHPD administrative database con-
tains similar patient data from all licensed health-care
facilities in California.

Study Population
We identified patients who had undergone primary TAR or AA
in New York State and California using the International
Classification of Diseases, Tenth Revision, Procedure Coding
System (ICD-10-PCS). We started from October 2015 because
the ICD-10 became effective at that time and records laterality
of the procedure. We excluded patients who, at the time of the
procedure, were <22 years of age (i.e., pediatric patients per
Section 520m(6)E of the Federal Food, Drug, and Cosmetic

Fig. 1

Flowchart of included patients. TAR = total ankle replacement, and NYS = New York State.

TABLE I Number of Procedures*

TAR AA All Cases

Uncemented Cemented Unspecified Total Open Arthroscopic Total Total

NYS 342 69 205 616 591 33 624 1,240

CA 323 155 383 861 793 51 844 1,705

Total 665 224 588 1,477 1,384 84 1,468 2,945

*TAR = total ankle replacement, AA = ankle arthrodesis, NYS = New York State, and CA = California.
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Act), which is consistent with on-label use of TAR designs
approved by the U.S. Food and Drug Administration (FDA)
(Fig. 1).

Outcome Definition
The primary outcome was revision after the index TAR and AA
procedures (see Appendix Table A). Revision was defined as the
addition or removal of any component, a replacement of the
implant, or an arthrodesis following the index TAR or AA. Patients
were censored based on above-the-knee amputation, death, or the

end of the study, whichever came earlier.We recorded the reason for
revision, including mechanical complications, infection, and non-
union after AA. Secondary outcomeswere in-hospital complications
(neurovascular injury, wound complications, postoperative infec-
tion, deep venous thrombosis, and pulmonary embolism) and
below-the-knee amputations.

Covariates
Covariates examined were patients’ age at the time of the index
procedure, sex, race and ethnicity (non-Hispanic White, non-

TABLE II Baseline Characteristics of Patients Treated with Total Ankle Replacement (TAR) or Ankle Arthrodesis (AA) in California and New
York State During the Study Period*

TAR (N = 1,477) AA (N = 1,468) P Value

Age (yr)

Mean (SD) 65.5 (9.7) 58.3 (13.6) <0.001

Median (range) 66 (23-91) 60 (22-94)

Sex (no. [%]) 0.82

Male 827 (56.0%) 828 (56.4%)

Female 650 (44.0%) 640 (43.6%)

Race/ethnicity (no. [%]) <0.001

White 1,273 (86.2%) 952 (64.9%)

Black 36 (2.4%) 132 (9.0%)

Hispanic 88 (6.0%) 235 (16.0%)

Other/unknown 80 (5.4%) 149 (10.1%)

Insurance (no. [%]) <0.001

Medicare 782 (52.9%) 617 (42.0%)

Medicaid 67 (4.5%) 228 (15.5%)

Commercial 564 (38.2%) 486 (33.1%)

Other 64 (4.3%) 137 (9.3%)

State (no. [%]) 0.66

New York 616 (41.7%) 624 (42.5%)

California 861 (58.3%) 844 (57.5%)

Indications (no. [%]) <0.001

Rheumatoid arthritis 67 (4.5%) 62 (4.2%)

Traumatic arthritis 454 (30.7%) 327 (22.3%)

Osteoarthritis 956 (64.7%) 527 (35.9%)

Neuropathic/diabetic arthritis — 187 (12.7%)

Other — 365 (24.9%)

Comorbidities (no. [%])

Osteoporosis 69 (4.7%) 91 (6.2%) 0.07

Morbid obesity 293 (19.8%) 446 (30.4%) <0.001

Peripheral vascular disease 68 (4.6%) 141 (9.6%) <0.001

Coronary artery disease 155 (10.5%) 232 (15.8%) <0.001

Hypertension 882 (59.7%) 943 (64.2%) 0.01

Congestive heart failure 40 (2.7%) 149 (10.1%) <0.001

Diabetes 217 (14.7%) 511 (34.8%) <0.001

Chronic pulmonary disease 251 (17.0%) 311 (21.2%) 0.004

Chronic kidney disease 85 (5.8%) 249 (17.0%) <0.001

*SD = standard deviation.
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Hispanic Black, Hispanic, and other), insurance (Medicare,
Medicaid, commercial, and other), state, indication (rheumatoid
arthritis, traumatic arthritis, osteoarthritis, neuropathic or diabetic
arthritis, and other), comorbidities, and type of TAR (cemented,
uncemented, and unspecified) and AA (open and arthroscopic).

Statistical Methods
Groups were compared using chi-square tests for categorical
variables and a Student t test for age. We examined below-the-
knee amputation and revision as time-to-event variables and
derived the estimated risks of amputation and revision at 2 years
following the index procedure using Kaplan-Meier analyses.

We performed propensity-score matching to account for
differences in TAR and AA patients’ baseline characteristics. The
AA cohort was therefore limited to patients with rheumatoid
arthritis, traumatic arthritis, or osteoarthritis. Propensity-score
matching adjusts for baseline confounding by creating a matched
cohort of patients with similar probabilities of receiving a TAR.
We used multivariable logistic regression to obtain the propensity
scores for each individual (the probability of receiving a TAR).
Potential baseline confounder variables were age, sex, race/ethnic-
ity, insurance, state, indications for the procedure, and comorbid-
ities. We performed nearest-neighbor matching of the 2 groups
at a 1:1 fixed ratio, using a caliper width of 0.2 of the standard
deviation of the logit of the propensity score. The caliper width
was set to minimize differences in the probability of receiving a
TAR between the matched pairs. We examined the balance in
baseline covariates in the matched cohort using standardized
mean differences and Cochran-Mantel-Haenszel and paired t
tests. A covariate is considered balanced between groups when the
absolute value of the standardized mean difference is <0.1. There
was some difference in age between groups aftermatching, andwe
therefore adjusted for age in the subsequent Cox proportional-
hazardmodels to compare the groups with respect to revision and
below-the-knee amputation and in logistic-regression models to
compare the groups with respect to in-hospital complications. A
robust sandwich variance estimator was used in the Cox and
logistic-regressionmodels to account for the paired data structure.

To examine independent predictors of revision, we used
multivariable Cox regressions among the TAR and AA patients
separately. We performed a sensitivity analysis to examine the
association between TAR and revision in hypothetical cases of
all unspecified TARs having been cemented and all unspecified
TARs having been uncemented. All analyses were performed
using SAS 9.4 (SAS Institute).

Fig. 2

Kaplan-Meier curve for implant survival, unadjusted analysis. Hall-Wellner

bands indicate the 95% confidence interval for revision risk. TAR = total

ankle replacement.

TABLE III Crude Outcomes and Analysis*

TAR (N = 1,477) AA (N = 1,468) P Value

In-hospital complications† (no. [%]) <15 (<1%) 27 (1.8%) <0.001

Median follow-up (IQR) (mo) 15 (8-23) 16 (8-24)

Below-the-knee amputation

No. (%) <15 (<1%) 53 (3.6%)

Estimated risk at 24 mo (95% CI) <1% 4.9% (3.6%-6.7%) <0.001

Revision/fusion

No. (%) 52 (3.5%) 99 (6.7%)

Estimated risk at 24 mo (95% CI) 5.4% (3.6%-8.1%) 9.1% (6.9%-11.9%) <0.001

Diagnosis associated with first revision

Device mechanical complication 16 (30.8%) 22 (22.2%)

Device infection <15 (<28.8%) 32 (32.3%)

Nonunion — 21 (21.2%)

*TAR = total ankle replacement, AA = ankle arthrodesis, IQR = interquartile range, and CI = confidence interval. Rare incidents (fewer than 15) are
indicated by <15, as per the data-use agreement. †In-hospital complications were nerve injury, wound complications, infection, vascular injury,
pulmonary embolism, and deep venous thrombosis.
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Fig. 3

Propensity density before and after propensity-score matching. TAR = total ankle replacement.

TABLE IV Comparison of Patient Characteristics After Propensity-Score Matching*

TAR (N = 753) AA (N = 753) P Value SMD

Age (yr) <0.001 0.14

Mean (SD) 63.5 (10.6) 61.9 (11.6)

Median (range) 64 (23-91) 63 (22-91)

Sex (no. [%]) 0.47 20.038

Male 428 (56.8%) 414 (55.0%)

Female 325 (43.2%) 339 (45.0%)

Race/ethnicity (no. [%]) 0.15 0.075

White 601 (79.8%) 578 (76.8%)

Black 33 (4.4%) 40 (5.3%)

Hispanic 67 (8.9%) 76 (10.1%)

Other/unknown 52 (6.9%) 59 (7.8%)

Insurance (no. [%]) 0.94 0.043

Medicare 346 (45.9%) 342 (45.4%)

Medicaid 58 (7.7%) 66 (8.8%)

Commercial 299 (39.7%) 292 (38.8%)

Other 50 (6.6%) 53 (7.0%)

State (no. [%]) 0.56 0.030

New York 325 (43.2%) 314 (41.7%)

California 428 (56.8%) 439 (58.3%)

Indication (no. [%]) 0.60 0.046

Rheumatoid arthritis 50 (6.6%) 48 (6.4%)

Traumatic arthritis 233 (30.9%) 249 (33.1%)

Osteoarthritis 470 (62.4%) 456 (60.6%)

Comorbidities (no. [%])

Osteoporosis 42 (5.6%) 42 (5.6%) 1 0

Morbid obesity 185 (24.6%) 194 (25.8%) 0.59 20.028

Peripheral vascular disease 35 (4.6%) 46 (6.1%) 0.20 20.065

Coronary artery disease 77 (10.2%) 81 (10.8%) 0.74 20.017

Hypertension 437 (58.0%) 467 (62.0%) 0.11 20.081

Congestive heart failure 30 (4.0%) 31 (4.1%) 0.90 20.007

Diabetes 139 (18.5%) 157 (20.8%) 0.20 20.060

Chronic pulmonary disease 152 (20.2%) 144 (19.1%) 0.59 0.027

Chronic kidney disease 49 (6.5%) 60 (8.0%) 0.24 20.056

*TAR = total ankle replacement, AA = ankle arthrodesis, SD = standard deviation, and SMD = standardized mean difference. (An absolute value of the SMD of <0.1 indicates good
balance after matching.)
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Source of Funding
This study was supported by the Office of the Assistant Secretary
for Planning and Evaluation Patient-Centered Outcomes Research
Trust Fund under an Interagency Agreement (#750119PE060048),
through the FDA (grant number U01FD006936).

Results

During the study period, 2,945 patients who were ‡22 years
of age underwent a primary TAR (n = 1,477, 50.2%) or

AA procedure (n = 1,468, 49.8%) in New York State and Cal-
ifornia (Fig. 1, Table I). The patients in the TAR group were
older than the patients in the AA group (mean age of 65.5
versus 58.3 years; p < 0.001). There was no difference in dis-
tribution by sex between the groups, although there were more
men (56%) than women (44%) overall. Patients treated with
TAR were less likely to belong to a minority race and ethnic
group or be Medicaid recipients and presented with fewer
comorbidities than patients treated with AA (Table II).
Unadjusted analyses indicated that TAR recipients had a sig-
nificantly lower risk of revision (5.4% versus 9.1%; p < 0.001),
in-hospital complications (<1% versus 1.8%; p < 0.001), and
below-the-knee amputation (<1% versus 4.9%; p < 0.001)
compared with AA patients (Fig. 2, Table III).

After limiting the analyses to patients with osteoarthritis,
rheumatoid arthritis, and traumatic arthritis (i.e., to match
TAR patients), 753 patients in each group were matched (Fig. 3).
A comparison of patient characteristics after matching revealed
good balance of all variables, except for age, which was adjusted
for in further analysis (Table IV). After propensity-score match-
ing, the risk of revisionwas lower, but no longer significantly so, in

the TAR cohort compared with the AA cohort (5.6% versus 7.6%;
hazard ratio [HR], 0.70 [95% confidence interval (CI), 0.43 to
1.15]; p = 0.16) (Fig. 4). The risk of below-the-knee amputation
was lower for the TAR group than for the AA group (HR, 0.12
[95% CI, 0.02 to 0.98]; p = 0.048). There was no significant
difference in in-hospital complications between the TAR and AA
cohorts (HR, 0.50 [95% CI, 0.12 to 2.00]; p = 0.33).

Age and sex were predictive of revision risk for TAR and
AA, respectively (Table V). Older age was a predictor of lower
revision risk in the TAR group (HR for 1-year increase in age, 0.96
[95% CI, 0.93 to 1.00]; p = 0.04), but age was not predictive of
revision after AA (HR, 0.99 [95% CI, 0.97 to 1.01]; p = 0.4).
Women were less likely to have revision after AA (HR, 0.61 [95%
CI, 0.39 to 0.96]; p = 0.03), but sex was not predictive of revision
after TAR (HR, 0.90 [95%CI, 0.51 to 1.60]; p = 0.71). We did not
find any differences in revision risk between cemented and un-
cemented TARs (Fig. 5). The fixationmethod was not specified in
588 (40%) of the TAR procedures. Therefore, we performed a
sensitivity analysis, which demonstrated that fixation would not
have influenced revision risk if all of the unspecified cases had
been either cemented or uncemented (Table VI).

Discussion

The main finding of this study was that there was no sig-
nificant difference in 2-year revision risk between TAR and

AA after propensity-score matching. We did not identify any
risk factors for revision after TAR other than younger age, while
women had a lower risk of revision after AA. This information
is useful for clinicians when considering surgical treatment for
end-stage arthritis of the ankle.

Fig. 4

Kaplan-Meier curve for implant survival, after propensity-score matching. Hall-Wellner bands indicate the 95% confidence interval for revision risk. TAR =

total ankle replacement.
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AA has broader indications than TAR, but the indications for
TAR are increasing and approaching those of AA14. The number of
TAR procedures in California and New York State is now equal to
that of AA. Previous studies have found that AA is the preferred
surgical treatment for ankle osteoarthritis, with 2 to 6 times as many
AA procedures performed compared with TAR procedures12,13,15.
Initially, TAR was mainly recommended for older patients with low
physical demands.However, newdata indicate that younger age (<50
years) should no longer be considered a contraindication for TAR16.
Furthermore, patients with gross deformities were initially advised

against TAR, but recent studies indicate that these patients can also
benefit from TAR17-19. Increased patient demand to retain ankle
movement and expanding indications can explain why the number
of TARprocedures inCalifornia andNewYork State has equaled that
of AA. The only absolute contraindication to TAR is infection of the
ankle joint, where AA may provide a definite solution.

Patients in the TAR group were less likely to have comor-
bidities, such as morbid obesity, peripheral vascular disease, and
diabetes. This is in line with a study by Vakhshori et al. that found
that surgeons perform TAR in patients who are healthier than

TABLE V Hazard Ratios (HRs) for Revision After Total Ankle Replacement (TAR) and Ankle Arthrodesis (AA) After Propensity-ScoreMatching*

TAR AA

HR (95% CI) P Value HR (95% CI) P Value

TAR type

Cemented Ref. — —

Uncemented 0.97 (0.44-2.12) 0.94 — —

Unspecified 0.68 (0.30-1.58) 0.37 — —

Age (for 1-yr increase) 0.96 (0.93-1.00) 0.04 0.99 (0.97-1.01) 0.4

Sex

Male Ref. Ref.

Female 0.90 (0.51-1.60) 0.71 0.61 (0.39-0.96) 0.03

Race/ethnicity

White Ref. Ref.

Black 0.96 (0.34-2.74)† 0.94 0.95 (0.47-1.93) 0.89

Hispanic † 0.72 (0.39-1.33) 0.29

Other/unknown 1.32 (0.45-3.82) 0.61 0.59 (0.27-1.30) 0.19

Insurance

Medicare Ref. Ref.

Medicaid 0.45 (0.10-2.16) 0.32 1.08 (0.57-2.05) 0.82

Commercial 0.46 (0.22-0.98) 0.04 0.53 (0.29-0.96) 0.03

Other 1.35 (0.48-3.75) 0.57 1.21 (0.58-2.52) 0.62

Indication

Rheumatoid arthritis 2.01 (0.77-5.23) 0.15 0.75 (0.18-3.17) 0.69

Traumatic arthritis 1.00 (0.54-1.85) 0.99 0.91 (0.50-1.65) 0.75

Osteoarthritis Ref. Ref.

Neuropathic/diabetic arthritis — — 1.81 (0.95-3.45) 0.07

Other — — 0.96 (0.56-1.67) 0.9

Comorbidities

Osteoporosis 2.18 (0.80-5.94) 0.13 0.76 (0.27-2.17) 0.61

Morbid obesity 0.67 (0.29-1.53) 0.34 0.99 (0.62-1.57) 0.97

Peripheral vascular disease 0.38 (0.05-2.88) 0.35 1.34 (0.74-2.42) 0.34

Coronary artery disease 0.50 (0.15-1.67) 0.26 1.26 (0.72-2.20) 0.43

Hypertension 1.08 (0.59-1.95) 0.81 1.05 (0.62-1.79) 0.86

Congestive heart failure † 1.50 (0.78-2.90) 0.23

Diabetes 1.02 (0.44-2.33) 0.97 1.11 (0.66-1.87) 0.7

Chronic pulmonary disease 1.59 (0.82-3.08) 0.17 1.10 (0.67-1.80) 0.7

Chronic kidney disease 0.93 (0.22-3.99) 0.93 1.10 (0.61-1.95) 0.76

*Significant results shown in bold. CI = confidence interval.†Becauseof sample-size restrictions, Black andHispanic are combined and congestive
heart failure is not included in the model of TAR patients.
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those who undergo AA12. Surgeons may be reluctant to offer
arthroplasty to patientswith comorbidities because of fear of severe
complications14,20. However, AA is also a major intervention with
potential disastrous complications, including limb amputation and
death. Whether patients with comorbidities are less likely to
experience detrimental outcomes following AA than TAR needs
further investigation21. Furthermore, we found that minority
patients (Black and Hispanic) and Medicaid insurance holders
were more likely to be treated with AA than TAR, also after con-
trolling for comorbidities. This is consistent with reported social
discrepancy in treatment options that merits further scrutiny22.

The complication and revision rates after TAR and AAwere
compared in 2 recent meta-analyses3,23. Interestingly, the 2 reviews
had no overlap of included articles and came to opposite con-

clusions. Kim et al. included 10 studies published between 2007
and 2015, and found that outcomes were similar but the incidence
of reoperations and major surgical complications was higher after
TAR23. Lawton et al. included 11 studies, also published between
2007 and 2015, and reported a lower complication rate following
TAR than following AA, which is more aligned with our results3.
We found no difference between the groups after propensity-score
matching, while the crude analysis demonstrated fewer revisions
in the TAR group, although this was confounded by differences in
patient characteristics. Patients receiving TAR andAA are different
in age and have different comorbidities, and therefore, a com-
parison of patient cohorts withoutmatching is subject to selection
bias24. Furthermore, changes in indications have altered patient
characteristics so that the older case series included in the 2 meta-
analyses might not be relevant to today’s practice.

The first-generation TARs were all cemented implants. High
failure rates led to an interest in cementless fixation, but little data
exist in the literature to support one method over the other. There
was no significant difference in revision risk between cemented and
uncemented TAR designs in our study. This is reassuring consid-
ering the concerns regarding the Scandinavian Total Ankle Re-
placement (STAR) Ankle device (Stryker) issued by the FDA25, but
there is a high degree of variability in clinical practice, and our
follow-up was short (2 years). Further comprehensive studies with
longer follow-up are needed to determine any potential differences
in revision risk between cemented and uncemented TAR designs.
Furthermore, the fixation method was not specified in 40% of the
cases (588 of 1,477). A sensitivity analysis showed that, if all of these
were either cemented or uncemented, it would not affect early

Fig. 5

Kaplan-Meier curve for implant survival, after propensity-score matching, according to subgroups for total ankle replacement (TAR). Hall-Wellner bands

indicate the 95% confidence interval for revision risk.

TABLE VI Sensitivity Analysis for Unspecified TAR Procedures*

HR (95% CI) P Value

If all unspecified are cemented

Cemented Ref.

Uncemented 1.26 (0.71-2.20) 0.43

If all unspecified are uncemented

Cemented Ref.

Uncemented 0.83 (0.40-1.75) 0.63

*TAR = total ankle replacement, HR = hazard ratio, and CI = con-
fidence interval.
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revision risk. However, some of these procedures might have been
hybrid fixations (i.e., 1 of the components was cemented), but the
lack of information impeded further analysis. It is not uncommon
for surgeons to use a negligible amount of cement to comply with
on-label use, and thus it is unclear whether cemented implants in
our included cases can truly be considered cemented. It should be
mentioned that noTAR implant is designed for hybridfixation, and
certain TAR implants are marketed in the U.S. for cemented use
only, so any such procedure would be an “off-label” use.

Arthroscopic AA has been proposed as a procedure with
fewer complications and quicker recovery compared with open
AA4. Proponents argue that arthroscopic AA is associated with a
shorter hospital stay, speedier recovery, and improved outcome26-28,
although it is arguably more technically demanding. Our data
indicate that arthroscopic AA has not been widely adopted in New
York State and California, with <6% of AA procedures (84 of
1,468) being reported as arthroscopic, which is somewhat lower
than the 9% reported by Lawton et al.3. In their analysis, Lawton
et al. included studies performed in larger specialized centers,
which may be more likely to perform arthroscopic AA, while we
also included comprehensive claims data from smaller community
hospitals, which may be less likely to offer arthroscopic AA. Our
study did not find any difference in revision risk between the 2
methods, but the arthroscopic AA group was small (n = 84).

One challenge in comparing TAR and AA is that they
have different advantages and types of complications29. TAR
has the benefits of improved gait and protection of adjacent
joints but may lead to implant loosening, polyethylene break-
age, and persistent pain3,4,6,8. In contrast, because AA eliminates
movement from the arthritic joint, pain associated withmotion
of the joint is eliminated. However, loss of motion results in a
shift of forces to adjacent joints and changes biomechanics5.

Limitations
We had a short follow-up of 2 years, while other studies have
indicated that the revision rates of TAR are twice that of AA after 5
years23. Many surgical complications after TAR, such as loosening
or breakage of the plastic insert, occur beyond 2 years6,25,30, while
many complications following AA, such as wound problems,
infection, and nonunion, occur within the first 2 years29,31.
Additional studies with follow-up beyond 5 years are needed to
advance our understanding of the benefits and limitations of
TAR and AA21,30.

Our results are based on administrative databases from 2
states with 2 years of follow-up, and so may have reduced
generalizability, although the results from studies using com-
prehensive statewide claims data may be more generalizable
than those from single-center studies. However, these databases
are subject to coding errors and a lack of device details, which
may lead to some misclassification of outcomes. Nevertheless,

our previous study of algorithm-based linkage between registry
and claims data showed that procedure variables were mostly
accurately captured32. Data reporting was insufficient to cal-
culate risk estimates for certain subgroups and device designs.

Another limitation of the administrative database is the
lack of patient-reported outcomes.We were therefore unable to
compare differences in function, pain, quality of life, and other
relevant outcomes that could influence the preference for one
treatment over the other. Prospective comparative studies that
include the patient perspective are therefore needed.

Although every effort was made to conduct comprehensive
propensity-score matching, the patients receiving TAR and AA
may exhibit fundamentally different characteristics that are not
accounted for. Propensity-score matching could only account for
known confounding variables. Some differences in patient char-
acteristics may not be captured by claims data and cannot be
adjusted for, leaving unmeasured confounding.

Conclusions
The 2-year adjusted revision risk was 5.6% after TAR and 7.6%
after AA. This difference did not reach significance. Older age
was a predictor of lower risk of revision after TAR, but the effect
size was small. Men had a higher risk of revision than women
after AA. This information can improve shared clinical
decision-making when choosing operative treatment for
arthritis of the ankle. The number of TAR procedures has now
caught up with the number of AA procedures.
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