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Background: Newer designs and techniques of total ankle arthroplasty (TAA) have challenged the assumption of ankle
arthrodesis (AA) as the primary treatment for end-stage ankle arthritis. The objective of this study was to compare physical
and mental function, ankle-specific function, pain intensity, and rates of revision surgery and minor complications
between these 2 procedures and to explore heterogeneous treatment effects due to age, body mass index (BMI), patient
sex, comorbidities, and employment on patients treated by 1 of these 2 methods.

Methods: This was a multisite prospective cohort study comparing outcomes of surgical treatment of ankle arthritis.
Subjects who presented after nonoperative management had failed received either TAA or AA using standard-of-treatment
care and rehabilitation. Outcomes included the Foot and Ankle Ability Measure (FAAM), Short Form-36 (SF-36) Physical
and Mental Component Summary (PCS and MCS) scores, pain, ankle-related adverse events, and treatment success.

Results: Five hundred and seventeen participants underwent surgery and completed a baseline assessment. At 24months,
the mean improvement in FAAM activities of daily living (ADL) and SF-36 PCS scores was significantly greater in the TAA group
than in the AA group, with a difference between groups of 9 points (95% confidence interval [CI]= 3, 15) and 4 points (95%CI=
1, 7), respectively. The crude incidence risks of revision surgery and complications were greater in the AA group; however,
these differences were no longer significant after adjusting for age, sex, BMI, and Functional Comorbidity Index (FCI). The
treatment success rate was greater after TAA than after AA for those with an FCI of 4 (80% versus 62%) and not fully employed
(81% versus 58%) but similar for those with an FCI score of 2 (81% versus 77%) and full-time employment (79% versus 78%).

Conclusions: At 2-year follow-up, both AA and TAA were effective. Improvement in several patient-reported outcomes was
greater after TAA than after AA, without a significant difference in the rates of revision surgery and complications.

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

A
nkle osteoarthritis is estimated to occur in 6% of the
general population1. Currently, treatment selection is
based on surgeon training and surgeon/patient pref-

erence without evidence to assist in the decision. There has
been a substantial upward trend in total ankle replacement
(TAA) while ankle arthrodesis (AA) rates have remained
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static2. Several systematic reviews3-7 suggest a significant gap in
the comparative effectiveness and safety evidence for these 2
alternatives.

Some researchers have argued, without evidence, that the
ideal patient for TAA is older, thinner, and more sedentary than
the ideal patient for AA8. Some surgeons have found that young,
active patients are choosing TAA because they believe that sparing
the motion of the ankle will allow them to remain active8,9.

This study evaluated TAA and AA groups from preop-
eratively to 24 months after surgery to (1) compare changes in
overall physical and mental function, ankle-specific function,
and pain intensity; (2) compare the rates of major revisions,
minor revisions, and minor complications; and (3) explore
heterogeneous treatment effects due to age, body mass index
(BMI), patient sex, comorbidities, and employment.

Materials and Methods

This prospective cohort study included 6 sites with recruit-
ment beginning in May 2012 and ending in May 2015.

The study was conducted in accordance with the procedures
approved by human subjects review boards at each partici-
pating institution and was registered in ClinicalTrials.gov
(NCT01620541).

Inclusion criteria ensured that patients had had unsuc-
cessful nonoperative management and were eligible for both
treatments while exclusion criteria were disabilities or diseases
other than osteoarthritis that affected ambulatory function,
including metabolic, neurologic, or musculoskeletal diseases
such as hip or knee osteoarthritis. We also excluded operations
requiring multiple planned corrective procedures, patients
treated for diabetes or multifocal inflammatory disease, those
with inadequate cognitive function, and those who were
unwilling to participate. Eight hundred and twelve consecutive
patients were screened for participation, and 522 consented to
participate in the study and underwent the surgery at one of
the study centers. Reasons for non-inclusion are listed in
Figure 1. Those who withdrew after consenting but before
surgery did so because they opted not to have surgery or to
seek it elsewhere.

Several baseline risk factors were collected through
interview and medical record review, including demographics,
ankle-specific characteristics (e.g., subluxation and alignment
based on the tibial-axis-to-talus ratio10), osteoarthritis severity
according to the Kellgren-Lawrence grading scale11, the Func-
tional Comorbidity Index (FCI)12, and alcohol and tobacco use
(Table I).

Fig. 1

STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) diagram of the patients who were screened, enrolled, and seen at

12-month and 24-month follow-up.
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Both procedures were performed following the standard of
care. A previous study demonstrated that implant survival rates
after TAA were significantly higher after the surgeon’s first 30
procedures13, which was the minimum threshold for surgeons
participating in our study. The study was designed as a compre-
hensive cohort, with patients first asked to be randomized to a
treatment group and, if they were not willing, then treated with
their preference. Participating surgeons agreed that only subjects
eligible for both treatments would be enrolled as defined by our
inclusion and exclusion criteria. Subjects were informed that both

treatments were approved and neither was considered a “better”
intervention. Because no patient agreed to randomization, treat-
ment choices were based on patient preference.

Outcomes were measured at 6, 12, and 24 months after
surgery. The primary outcomes included the Foot and Ankle
Ability Measure (FAAM)14, the Short Form-36 (SF-36) Physical
and Mental Component Summary (PCS and MCS) scores, the
Chronic Pain Grade (CPG)15, and the FCI12.

The FAAM, which measures several functional cate-
gories, is easily scored and has been validated against the SF-36

TABLE I Comparison of Baseline Characteristics Between TAA and AA Groups

Characteristic TAA* (N = 414) AA (N = 103) P Value Total (N = 517)

Male sex† 237 (57) 61 (59) 0.72 298 (58)

Age‡ (yr) 63.2 ± 9.7 54.2 ± 12.7 <0.01 61.4 ± 10.9

BMI‡ (kg/m2) 29.9 ± 5.5 33.1 ± 7.2 <0.01 30.5 ± 6.0

Race† 0.78

White/Caucasian 403 (97) 100 (97) 503 (97)

Non-white 11 (3) 3 (3) 14 (3)

Marital status (married)† 327 (79) 71 (69) 0.08 398 (77)

College graduate† 246 (59) 58 (56) 0.53 304 (59)

Full-time employment† 155 (37) 53 (51)§ 0.01 208 (40)

Income (‡$75,001)† 193 (47) 33 (32) <0.01 226 (44)

Cause of end-stage ankle arthritis† 0.05

Posttraumatic 213 (51) 70 (68) 283 (55)

Recurrent sprains 53 (13) 10 (10) 63 (12)

Degenerative 71 (17) 10 (10) 81 (16)

Instability 50 (12) 6 (6) 56 (11)

Misalignment 16 (4) 3 (3) 19 (4)

Other 11 (3) 4 (4) 15 (3)

Previous foot/ankle surgery† 237 (57) 77 (75) <0.01 314 (61)

Radiographic findings

Osteoarthritis severity grade† 0.13

0-1 4 (1) 2 (2) 6 (1)

2 21 (5) 9 (9) 30 (6)

3 93 (22) 29 (28) 122 (24)

4 296 (71) 63 (61) 359 (69)

Alignment‡ (�) 8.7 ± 8.8 9.2 ± 9.3 0.64 8.8 ± 8.9

Subluxation‡ (�) 16.4 ± 18.6# 13.5 ± 17.8 0.15 15.8 ± 18.4

Medical history/comorbidities

Osteoporosis† 43 (10) 5 (5) 0.08 48 (9)

Depression and/or anxiety† 31 (7) 22 (21) <0.01 53 (10)

Degenerative disc disease† 75 (18) 23 (22) 0.33 98 (19)

FCI‡ 2.7 ± 1.5 3.4 ± 2.1 <0.01 2.9 ± 1.7

Current smoker† 8 (2) 10 (10) <0.01 18 (3)

Current alcohol use ‡6 times/wk† 61 (15) 11 (11) 0.19 72 (14)

*Of the 414 TAAs, 211 (51.0%) were a Salto Talaris Ankle (Integra LifeSciences); 174 (42.0%), an INBONE Total Ankle System (Wright Medical);
23 (5.6%), a STAR (Scandinavian Total Ankle Replacement) Total Ankle Replacement (Stryker); 5 (1.2%), a Trabecular Metal Total Ankle (Zimmer
Biomet); and 1 (0.2%), other. †The values are given as the number with the percentage in parentheses. ‡The values are given as the mean and
standard deviation. §Data missing for 1 patient. #Data missing for 2 patients.
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PCS score14. It is reproducible, internally consistent, and
responsive14. It consists of 29 items measuring 2 separate sub-
scales: activities of daily living (ADL) and sports. All scores
are standardized (0% to 100%), with higher percentages

representing greater function. Its minimal clinically important
difference is 9 points16.

The SF-36 is a generic health survey with 36 questions.
We assessed the PCS and MCS scores.

TABLE II Change in Outcome Measures from Preoperative to 6, 12, and 24 Months, and Comparison of These Changes Between
TAA and AA Groups*

TAA (N = 414) AA (N = 103) TAA Minus AA

No. of patients

Preop. 414 103

6 mo 406 98

12 mo 396 101

24 mo 386 93

FAAM ADL†

Preop. 46.7 ± 1.2 48.6 ± 1.9 21.9 ± 2.0 (27.4, 3.6)

6 mo vs. preop. 31.2 ± 0.9 (28.9, 33.6) 19.7 ± 1.9 (14.6, 24.7) 11.6 ± 2.1 (5.8, 17.3)

12 mo vs. preop. 34.7 ± 0.9 (32.3, 37.1) 23.1 ± 1.9 (18.0, 28.1) 11.6 ± 2.1 (5.9, 17.3)

24 mo vs. preop. 35.0 ± 0.9 (32.6, 37.4) 26.3 ± 1.9 (21.1, 31.5) 8.7 ± 2.2 (2.8, 14.5)

P value <0.0001 <0.0001 <0.0001

FAAM Sports†

Preop. 19.8 ± 2.0 21.9 ± 2.9 22.1 ± 2.8 (29.6, 5.5)

6 mo vs. preop. 33.0 ± 1.3 (29.5, 36.5) 20.6 ± 2.8 (13.1, 28.0) 12.4 ± 3.1 (4.0, 20.9)

12 mo vs. preop. 39.4 ± 1.3 (35.8, 42.9) 23.2 ± 2.8 (15.7, 30.7) 16.2 ± 3.1 (7.7, 24.7)

24 mo vs. preop. 39.7 ± 1.3 (36.0, 43.3) 31.6 ± 2.8 (23.9, 39.2) 8.1 ± 3.2 (20.6, 16.8)

P value <0.0001 <0.0001 <0.0001

SF-36 PCS†

Preop. 34.1 ± 0.5 35.8 ± 0.9 21.6 ± 1.0 (24.4, 1.1)

6 mo vs. preop. 11.6 ± 0.4 (10.5, 12.8) 7.7 ± 0.9 (5.3, 10.2) 3.9 ± 1.0 (1.1, 6.7)

12 mo vs. preop. 12.9 ± 0.4 (11.7, 14.0) 8.0 ± 0.9 (5.6, 10.5) 4.8 ± 1.0 (2.1, 7.6)

24 mo vs. preop. 12.3 ± 0.4 (11.2, 13.5) 8.2 ± 0.9 (5.7, 10.7) 4.1 ± 1.0 (1.3, 6.9)

P value <0.0001 <0.0001 <0.0001

SF-36 MCS†

Preop. 55.5 ± 0.5 54.0 ± 0.9 1.5 ± 1.0 (21.3, 4.2)

6 mo vs. preop. 0.8 ± 0.4 (20.3, 2.0) 21.0 ± 0.9 (23.4, 1.5) 1.8 ± 1.0 (21.0, 4.6)

12 mo vs. preop. 1.0 ± 0.4 (20.1, 2.2) 0.8 ± 0.9 (21.7, 3.3) 0.3 ± 1.0 (22.6, 3.1)

24 mo vs. preop. 0.8 ± 0.4 (20.4, 1.9) 1.9 ± 0.9 (20.6, 4.5) 21.2 ± 1.1 (24.1, 1.7)

P value 0.46 0.010 0.081

Present pain†

Preop. 5.1 ± 0.2 5.4 ± 0.3 20.3 ± 0.3 (21.0, 0.4)

12 mo vs. preop. 23.8 ± 0.1 (24.2, 23.5) 23.7 ± 0.3 (24.4, 22.9) 20.1 ± 0.3 (21.0, 0.7)

24 mo vs. preop. 23.8 ± 0.1 (24.1, 23.4) 23.6 ± 0.3 (24.3, 22.8) 20.2 ± 0.3 (21.0, 0.7)

P value <0.0001 <0.0001 0.84

Worst pain†

Preop. 8.5 ± 0.2 8.4 ± 0.3 0.1 ± 0.3 (20.6, 0.9)

12 mo vs. preop. 24.9 ± 0.1 (25.3, 24.6) 24.1 ± 0.3 (24.9, 23.3) 20.9 ± 0.3 (21.7, 0.0)

24 mo vs. preop. 25.4 ± 0.1 (25.8, 25.1) 24.3 ± 0.3 (25.1, 23.6) 21.1 ± 0.3 (22.0, 20.2)

P value <0.0001 <0.0001 0.003

*Linear mixed effects regression of outcome on study visit-by-surgery type interaction. All models included confounders of age, sex, and BMI. Additional
confounders include arthritis cause and previous surgery for FAAM ADL; employment for FAAM Sport; employment, depression and/or anxiety history, and
current smoking for SF-36 MCS; and previous surgery, depression and/or anxiety history, FCI, and current smoking for present pain. Site and patient within
site were modeled as random. The p values were derived with the omnibus test to determine significant improvement in outcome across the study follow-up
period (first 2 columns) or the differences in improvement by surgery type (third column). Differences in bold are significant (p < 0.05) after adjustment for
multiple comparisons within the same model. †The scores are given as the mean and standard deviation with or without the 95% CI in parentheses.
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Pain was assessed using 2 questions from the CPG15,
including intensity of present ankle pain and intensity of worst
ankle pain in the past 6 months.

Secondary outcomes included ankle adverse events,
which were rigorously collected and monitored by a data safety
monitoring board17. We classified these as (1) major revisions
(reoperations requiring non-weight-bearing and/or removal of
the implant), (2) minor revisions (reoperations not requiring
non-weight-bearing or implant removal), and (3) minor
complications (no reoperation)17.

We created a “treatment success” variable for the sub-
group analysis. This was defined as a minimal clinically
important improvement in the FAAM ADL score without a
minor or major revision.

Statistical Analysis
Group differences in continuous and categorical variables were
assessed using 2-sample t tests and chi-square tests, respec-
tively. Potential confounders were rigorously evaluated. The
traditional confounders (age, sex, and BMI) were included as
covariates in all analyses. All other potential confounders were
included in each regression analysis if they were deemed to
have a potential effect on outcome on the basis of an a priori
literature review and clinical experience, were unequally dis-
tributed between surgical groups (p < 0.10), and were associ-
ated with the outcome (p < 0.10). These included the cause of
the arthritis, prior surgery, employment status, depression and/
or anxiety, and current smoking.

Linear mixed effects regression was used to determine if
there were differences in postoperative improvement in each
continuous outcome between the surgical procedures. Patient-
reported outcomes (FAAM ADL, FAAM Sports, SF-36 PCS,
SF-36 MCS, present pain, and worst pain) were the dependent
variables. The study visit (baseline or 6, 12, or 24 months
posttreatment), surgical procedure, and potential confounders
were the independent fixed main effects. All models included

main-effect variables-by-study-visit interactions to estimate
the difference in postoperative improvement by surgical pro-
cedure while adjusting for improvement due to the potential
confounders. The surgical institution and patient were random
effects. Means and 95% confidence intervals (CIs) for im-
provement stratified by surgical procedure and differences in
improvement by surgical procedure were estimated using si-
multaneous inference18.

To estimate the effect of the surgical procedure on cate-
gorical outcomes (ankle adverse events and treatment success),
we performed logistic regression of categorical outcome (the
dependent variable) on surgical procedure, with the covariates
of age, BMI, sex, and those variables identified as potential
confounders. Results are summarized with odds ratios (ORs)
and 95% CIs.

To determine if age, BMI, sex, FCI score, or employ-
ment (employed versus not employed) subgroups experi-
enced different treatment success outcomes on the basis of
the surgical procedure, a 2-way interaction term (surgical
procedure by subgroup) was added to the logistic regression
model of treatment success, with each subgroup interaction
tested in a separate model. If the interaction term was sig-
nificant, post-hoc analyses were carried out to estimate
treatment success and 95% CIs across surgical procedures
and selected levels of the subgroup based on quartiles for the
continuous variables (age, BMI, or FCI score) and to test for
differences in improvement by surgery type stratified by the
subgroup.

Significance was set at p < 0.05. Analyses were carried out
using Stata 9.1 (StataCorp) and R 3.3.219 with additional
packages: lme420, multcomp18, lsmeans21, nnet22, and ggplot223.

Results

Ofthe 522 participants who consented and had surgery, 419
underwent TAA and 103 underwent AA. Five patients

withdrew immediately after undergoing TAA, leaving 517 who

Fig. 2-A Fig. 2-B

Figs. 2-A and 2-B Mean trajectory for FAAM ADL (Fig. 2-A) and FAAM Sports (SPT) (Fig. 2-B) scores (%) by study visit and surgery type with 95% CIs.

Estimates were obtained from linear mixed effects regression of outcome on study visit, surgery type, and visit-by-surgery type interaction. All models

included confounders of age, sex, and BMI. Additional confounders include the cause of the end-stage ankle arthritis and previous surgery for FAAM

ADL and employment for FAAM Sports.
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completed the full baseline assessment. Follow-up scores were
available for 504 (97%), 497 (96%), and 479 (93%) of the
patients at 6, 12, and 24 months, with 386 (93%) in the TAA
group and 93 (90%) in the AA group, respectively, followed at
24 months (Fig. 1).

The 2 groups were not significantly different with re-
gard to sex, race, marital status, education, severity of
osteoarthritis, alignment, osteoporosis, degenerative disc
disease, or alcohol use (Table I), and there was no signifi-
cant difference in preoperative patient-reported measures
(Table II). Patients who received TAAwere older, had a lower
BMI, had higher income, had lower FCI scores, were em-
ployed less, and had lower rates of posttraumatic end-stage
ankle arthritis, previous ankle surgery, anxiety and/or
depression, and smoking.

Both groups experienced significant improvements in
FAAM ADL and Sports subscale scores (Table II, Figs. 2-A and
2-B, and Appendix Figs. 1-A and 1-B) and SF-36 PCS scores
(Table II, Fig. 3-A, and Appendix Fig. 2-A) at all time points,
and patients who underwent TAA demonstrated significantly
greater improvement after adjustment for potential con-
founders. At 24 months, the mean improvement in the FAAM
ADL and SF-36 PCS scores was significantly greater for the TAA
group than for the AA group, with mean differences between
groups of 9 points (95% CI = 3, 15) and 4 points (95% CI = 1,
7), respectively. While the TAA group had significantly greater
improvement in the FAAM Sports scores than the AA group at
6 and 12 months, by 24 months the difference in improvement
(8 points, 95% CI = 21, 17) was not quite clinically relevant.
Neither group had a significant change in their SF-36 MCS

Fig. 4-A Fig. 4-B

Figs. 4-A and 4-B Mean trajectory for worst pain (Fig. 4-A) and present pain (Fig. 4-B) scores by study visit and surgery type with 95% CIs. Estimates

were obtained from linear mixed effects regression of outcome on study visit, surgery type, and visit-by-surgery type interaction. All models included

confounders of age, sex, and BMI. Additional confounders included previous surgery and/or a history of depression and/or anxiety, FCI, and current

smoking for present pain.

Fig. 3-A Fig. 3-B

Figs. 3-A and 3-BMean trajectory for SF-36 PCS (Fig. 3-A) and SF-36 MCS (Fig. 3-B) scores by study visit and surgery type with 95% CIs. Estimates

were obtained from linear mixed effects regression of outcome on study visit, surgery type, and visit-by-surgery type interaction. All models included

confounders of age, sex, and BMI. Additional confounders included employment, a history of depression and/or anxiety, and current smoking for

SF-36 MCS.
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scores (Table II, Fig. 3-B, and Appendix Fig. 2-B). Both groups
had a significant improvement in their pain scores at all time
points. The TAA group had significantly greater improvement
in the score for worst pain at 24 months (Table II, Fig. 4-A, and
Appendix Fig. 3-A), but the scores for present pain did not
differ significantly between groups (Table II, Fig. 4-B, and
Appendix Fig. 3-B). The greatest improvements occurred in the
first 6 months for the FAAM and SF-36 PCS scores and in the
first 12 months for pain scores, with more modest improve-
ment thereafter. At 24 months, the incidence risk of any ankle
adverse event was 22% (n = 23) for the patients who underwent
AA compared with 12% (n = 48) for the TAA group (Table III
and Appendix Tables S1A and S1B). However, when we con-
trolled for age, BMI, sex, and FCI, the increased risk of an ankle
adverse event was no longer significant (adjusted incidence

risks: 18% compared with 12%, OR= 1.7, 95%CI= 0.90 to 3.1;
p = 0.11). A detailed list of these adverse events by surgical
procedure is presented in the Appendix.

The 24-month treatment success rate was significantly
higher (p = 0.016) for TAA (81%, 95% CI = 76%, 84%) than
for AA (68%, 95% CI = 58%, 77%) (OR = 1.9, 95% CI = 1.1,
3.2) after adjusting for age, sex, BMI, and FCI. For 24-month
treatment success by surgical procedure, heterogeneity of
treatment effect among prespecified subgroups was found for
the FCI score and employment (p < 0.05, Table IV). Treatment
success differed according to surgical procedure in patients
with a higher FCI (i.e., an index of 4), with an 80% success rate
in the TAA group versus a 62% rate in the AA group, but not for
those with a lower FCI (i.e., 2) with an 81% success rate in the
TAA group versus a 77% rate in the AA group. Similarly,

TABLE IV Predicted Treatment Success Rates by Surgery Type (TAA Versus AA) and Effect Modifiers*

% Success (95% CI)

Effect Modifier TAA (N = 414) AA (N = 103) OR (95% CI) for TAA Vs. AA P Value†

Age

50 yr 76 (69, 83) 66 (56, 75) 1.7 (0.92, 3.0) 0.34

70 yr 83 (78, 87) 67 (50, 80) 2.5 (1.2, 5.1)

BMI

25 kg/m2 79 (73, 84) 75 (61, 86) 1.2 (0.58, 2.6) 0.10

35 kg/m2 82 (76, 87) 67 (55, 76) 2.3 (1.3, 4.1)

Sex

Male 80 (74, 85) 61 (48, 72) 2.6 (1.4, 4.9) 0.12

Female 81 (75, 86) 79 (64, 89) 1.2 (0.51, 2.7)

FCI

2 81 (76, 85) 77 (65, 86) 1.3 (0.66, 2.4) 0.012

4 80 (75, 85) 62 (51, 73) 2.5 (1.4, 4.4)

Employment

Employed 79 (72, 85) 78 (65, 88) 1.1 (0.49, 2.3) 0.029

Not employed 81 (76, 86) 58 (43, 71) 3.1 (1.6, 6.2)

*Estimated from logistic regression of treatment success on effect modifier-by-surgery type interaction. All models included confounders of age,
sex, BMI, and FCI.†The p values represent the significance of the effect modifier-by-surgery type interaction. Differences in bold are significant (p <
0.05) after adjusting for multiple comparisons within the same model.

TABLE III Comparison of Adverse Events Within First 24 Months Between TAA and AA Groups

No. (%)
Relative Risk (95% CI)

for TAA Vs. AAAdverse Event* TAA (N = 414) AA (N = 103) P Value

Minor complication 18 (4.3) 4 (3.9) 0.83 0.89 (0.31, 2.6)

Minor revision 17 (4.1) 13 (12.6) <0.001 3.1 (1.5, 6.1)

Major revision 13 (3.1) 6 (5.8) 0.20 1.8 (0.72, 4.8)

Total events 48 (11.6) 23 (22.3) 0.005 1.9 (1.2, 3.0)

*Minor complications were defined as adverse events not requiring a reoperation; minor revisions, as reoperations not requiring non-weight-
bearing or implant removal; and major revisions, as reoperations requiring non-weight-bearing and/or removal of the implant.
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treatment success differed by surgical procedure for those
without full-time employment (81% in the TAA group versus
58% in the AA group) but not for those with full-time
employment (79% versus 78%). While no significant hetero-
geneity of treatment effect was observed for age, BMI, or sex,
TAA had higher success rates than AA in males and heavier
patients (Table IV).

Discussion

With no viable surgical alternatives, AA was long consid-
ered the treatment for end-stage ankle arthritis. TAA is a

more recent option, and its utilization is increasing2. There is
limited comparative data on these 2 treatments. Daniels et al.
compared 232 TAAs and 89 AAs from 4 centers at a postop-
erative mean of 5.5 years24. Both groups reported improve-
ments in the Ankle Osteoarthritis Score (AOS). While no
significant difference was detected between groups, the change
in AOS must be large to reflect clinically meaningful change25.
Saltzman et al. compared 158 TAAs and 66 AAs and found a
higher risk of unplanned secondary surgery but a greater
improvement in the Buechel-Pappas functional score in the
TAA group26. There was no difference in pain relief. Benich
et al. compared change scores for pain and function as mea-
sured with the SF-36 andMusculoskeletal Function Assessment
at 3 years after treatment and found greater improvement in
their TAA group compared with their AA group27.

Authors of a recent meta-analysis5 evaluating 10 studies
concluded that TAA and AA produce similar outcomes, espe-
cially at short-term follow-up, with an increased risk of com-
plications after TAA. These studies were limited by several
methodological weaknesses, and the authors recommended
additional high-quality research comparing these 2 treatments
over a longer follow-up.

A recently published cost-benefit analysis estimated that,
compared with nonoperative treatment, TAA resulted in a
$5,900 lifetime cost savings and AA, in a $800 lifetime cost
savings28. The authors concluded that continued research is
needed to define appropriate subgroups of patients who would
likely derive the greatest clinical benefit from TAA.

In the current study, both groups experienced significant
improvements in several validated patient-reported outcomes
except for the SF-36 MCS. The majority of these improvements
occurred in the first 6 to 12 months. The TAA group experienced
greater gains in almost all outcomes. To reduce the importance of
differences in baseline severity, we used the change from baseline
as our outcome rather than population averages and eliminated
other systemic issues such as inflammatory arthritis or recent
surgery. To reduce the impact of surgeon inexperience, we
required a defined level of experience for participation.

With respect to ankle adverse events, the crude incidence
risk was greater in the AA group; however, this difference was
no longer significant after adjusting for potential confounders.
These findings are consistent with our previously reported 12-
month results17.

The evaluation of the heterogeneity of treatment effects
has been encouraged by many proponents of comparative

effectiveness research. Not all patients benefit to the same
degree from a medical treatment intervention. This can make
it difficult for the patient and clinician to choose the most
appropriate treatment intervention. We identified heteroge-
neity of treatment effects across subgroups of treatment
responders using an outcome that we defined (not reported
previously in the literature) as “treatment success.” Our a
priori hypotheses were based on clinical experience and
widely held clinical beliefs regarding treatment selection. We
thought that patients who have more comorbidities and those
who are not employed respond best to TAA in terms of the
results at 24 months after surgery. Those with fewer comor-
bidities (i.e., healthier) and who are employed respond sim-
ilarly to either treatment. It may be that patients who have
vulnerabilities (which may be associated with a lack of full-
time employment and/or more comorbidities) have better
success with TAA.

We did not confirm the widely held beliefs that patients
who are younger, heavier, or more active should undergo AA,
although the effects of BMI and younger age on implant du-
rability are not likely to be seen in the first 2 years of follow-up.

Our heterogeneity of treatment effect analysis should be
interpreted with caution. While we prespecified subgroups on
the basis of clinical experience, there is scant literature to
support these hypotheses. The findings are borderline sig-
nificant—i.e., potentially due to chance alone. Therefore, we
consider our findings hypothesis-generating, and we believe
that they should be confirmed by longer follow-up.

This study has limitations. First, it was initially designed as
a Brewin-Bradley partially randomized preference trial. Subjects
were informed that both treatments were approved and that
neither was considered a “better” intervention. Despite this,
patients were unwilling to agree to randomization, which forced a
change to a cohort design. As a result, an imbalance in the study
groups in some baseline characteristics was observed. This may
have been due to bias in provider preference, in the patients’
previsit perceptions, or in the patients’ selection of a surgeonwith
ankle replacement expertise, which is not universally available.
These imbalances may lead to confounding; however, there was
little statistical confounding as results for patient-reported out-
comes were consistent whether or not there was adjustment for
confounders.

There is strong evidence that observational studies, if
conducted with a rigor similar to that used in a clinical trial, can
approximate the results of a randomized trial29-32. Despite these
examples, we acknowledge that an observational study cannot
eliminate all bias that would bemitigated by a randomized trial.
There is still the possibility of residual confounding due to
unmeasured confounders such as restricted motion and other
factors not captured. Therefore, investigators in future studies
should continue encouraging random allocation and/or other
methods to control for confounding, such as propensity scor-
ing or causal analysis methods.

Another important limitation of this study is the 2-year
follow-up. Although most improvement occurred within 6
months after treatment, both of these procedures are intended to
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provide benefit for a much longer duration. It is not clear if these
differences will be sustained. This short follow-up cannot address
wear of the implants or wear of the surrounding joints. Further
long-term follow-up will be reported in subsequent publications.

The improvement between the preoperative and post-
operative status was greater for the TAA group than for the AA
group in terms of the FAAM scores, SF-36 PCS scores, and
treatment success rates. Preliminary results suggest that there
are specific subgroups of patients who may respond more
favorably to TAA than others.

Appendix
Supporting material provided by the authors is posted
with the online version of this article as a data supplement
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