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Abstract: Background: Total ankle arthroplasty (TAA) has higher complication and failure rates
compared to other surgical joint replacement procedures despite technological advances. This study
aimed to find the long-term survivability of the TAA procedure and identify the patient risk factors
for failure with one of the largest cohorts of patients in the literature. Methods: This retrospective
cohort study involving cases between 2007 and 2018 analyzed patients who received an index primary
TAA procedure in Korea. A total of 5619 cases were included in the final analysis. The TAA failure
was defined as either a case with revision arthroplasty or a case with TAA implant removal and
arthrodesis performed after primary TAA. Results: During the study period, the 5-year survival
rate was 95.4% (95% CI, 94.7–96.1%), and the 10-year survival rate was 91.1% (95% CI, 89.1–93.1%).
A younger age (<55 years, adjusted hazard ratio [AHR], 1.725; 55–64 years, AHR, 1.812; p < 0.001
for both), chronic pulmonary disease (AHR, 1.476; p = 0.013), diabetes (AHR, 1.443; p = 0.014), and
alcohol abuse (AHR, 1.524; p = 0.032) showed a significantly high odds ratio for primary TAA failure
in Cox regression analysis. Conclusion: The 10-year TAA survivorship rate was 91.1%. A younger
age, chronic pulmonary disease, diabetes, and heavy alcohol consumption are risk factors for TAA.

Keywords: total ankle arthroplasty; long-term survival; failure; risk factor

1. Introduction

Over the past decade, several studies have been performed to identify prognostic
factors for total ankle arthroplasty (TAA) [1–5]. Although severe mal-alignments of the
ankle have been perceived as a contraindication to TAA, the development of new implant
designs and evolving surgical techniques have made it possible to overcome this problem;
now, even a coronal mal-alignment greater than 20 degrees can lead to good outcomes after
TAA [5–7].

However, in spite of the recent advances in TAA technology, relatively high compli-
cation and failure rates compared to the artificial replacement of other joints still remain
a major concern [8–11]. Previous studies in the literature reported that the survival rate
of TAA is lower [12], and the frequency of revision procedures is higher than other joint
replacement procedures [13]. The revision of the TAA procedure is troublesome for both
physicians and patients due to its complexity and the diminished improvement in clinical
outcomes compared to primary TAA [14].
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Therefore, the need for a better understanding of factors predictive of the success or
failure of TAA procedures is prevalent in the surgical field. Patient factors and comorbidities
are also important factors for successful TAA, and several patient factors have been studied
in the previous literature, with disagreements and no clear guidelines agreed upon. Oliver
et al. analyzed 97 TAA patients and reported that obesity seems to have a negative effect
on the long-term survival of TAA [3]. Meanwhile, Christopher et al. noted that TAA in
obese patients seems to be safe, with 455 cases and a mean follow-up period of about
43 months [4]. The effect of diabetes on the surgical outcome of TAA has also been studied.
Some works in the literature described that diabetes is an independent risk for worse
outcomes after the TAA procedure [10,15,16], while another study noted that TAA may
be a safe procedure in patients with diabetes [17]. Another notable study on the effect of
patient factors and the surgical outcome of TAA was conducted by Daniel et al., who noted
that smoking, obesity, and depression are modifiable risk factors for better implant survival
in TAA with 668 patients and a mean follow-up of 1 to 2 years [18].

In a review of the previous literature, we determined that a large cohort study of TAA
procedures with a long-term follow-up period is warranted for a better understanding
of the effect of patient factors on TAA survival. Thus, we collected 5619 TAA cases from
the national insurance data between 2007 and 2018. The purpose of the current study is
to provide more evidence on which patient factors and comorbidities are related to the
survival of TAA via the analysis of the long-term survivability of TAA using the largest
TAA cohort among the published literature.

2. Materials and Methods
2.1. Database

This retrospective cohort study used the national population-based database of the Ko-
rean Health Insurance Review and Assessment Service (HIRA) from 2007 to 2018. In Korea,
healthcare providers submit claims of patients to the HIRA to request reimbursements of
medical costs from the South Korean National Health Insurance (NHI) service or medical
aid programs. About 97% of Koreans are enrolled in the NHI service. Claim data submitted
to HIRA includes diagnostic codes based on the International Classification of Diseases,
10th Revision (ICD-10), and all the procedures based on the Electronic Data Interchange
(EDI) codes. These data also contain de-identified demographic data, including patient
age, sex, hospital admissions, insurance type, and comorbidities. In addition, prescribed
medication data are included in the database containing the generic name, prescription
date, and duration. This study was approved by the Institutional Review Board of our
institute (HDT 2020-04-012) and performed according to the tenets of the Declaration of
Helsinki. The informed consent of the participants was waived because all data were totally
anonymized. The Korean NHI Service provides de-identified information, and this does
not affect the rights and welfare of the subject included in the database.

2.2. Patient Enroll Criteria and Procedures Definition

We identified all the databases, including primary TAA (EDI: N2075, N2079), revision
procedure (EDI: N3715, N3719, NN4715, N4719), and implant removal (EDI: N3725, N3729,
N4725, N4729) with ankle arthrodesis procedure codes (EDI: N0733, N0736) during the
study period. The failure of primary TAA was defined as conversion to revision arthroplasty
or ankle arthrodesis after an index primary TAA procedure. The conversion of primary
TAA to revision arthroplasty was defined as a revision arthroplasty performed after the
previous index primary TAA during the study period. The conversion of primary TAA
to the ankle arthrodesis procedure was defined as an implant removal, simultaneously
performed with the ankle arthrodesis procedure after the previous index primary TAA
procedure during the study period.

We excluded patients with multiple primary TAA procedure codes because the current
data did not provide the laterality of procedures. We also excluded patients who received
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the primary TAA procedure in 2018 to ensure at least one year of follow-up. The overall
study design is depicted as a flow chart in Figure 1.

J. Clin. Med. 2024, 13, x FOR PEER REVIEW 3 of 11 
 

 

simultaneously performed with the ankle arthrodesis procedure after the previous index 
primary TAA procedure during the study period. 

We excluded patients with multiple primary TAA procedure codes because the cur-
rent data did not provide the laterality of procedures. We also excluded patients who re-
ceived the primary TAA procedure in 2018 to ensure at least one year of follow-up. The 
overall study design is depicted as a flow chart in Figure 1. 

 
Figure 1. Study design. 

2.3. Comorbidity 
Patients’ comorbidities were identified with the use of the algorithm described by Quan 

et al. with the ICD-10 diagnostic code [19–21]. Included comorbidities were a history of my-
ocardiac infarction, congestive heart failure, cerebrovascular disease, chronic pulmonary 
disease, hypertension, diabetes, renal failure, rheumatoid arthritis, peripheral vascular dis-
ease, hyperlipidemia, dementia, obesity, psychosis, depression, osteoporosis, and alcohol 
abuse. According to the algorithm described by Quan et al., myocardiac infarction can be 
identified with the ICD-10 disease code with I21.x, I22.x, I25.2, and congestive heart failure 
can be identified with the ICD-10 code with I09.9, I11.0, I13.0, I13.2, I25.5, I42.0, I42.5-9, I43.x, 
I50.x, P29.0 [19,21]. Other comorbidities were identified with the same procedures. 

Figure 1. Study design.

2.3. Comorbidity

Patients’ comorbidities were identified with the use of the algorithm described by
Quan et al. with the ICD-10 diagnostic code [19–21]. Included comorbidities were a
history of myocardiac infarction, congestive heart failure, cerebrovascular disease, chronic
pulmonary disease, hypertension, diabetes, renal failure, rheumatoid arthritis, peripheral
vascular disease, hyperlipidemia, dementia, obesity, psychosis, depression, osteoporosis,
and alcohol abuse. According to the algorithm described by Quan et al., myocardiac
infarction can be identified with the ICD-10 disease code with I21.x, I22.x, I25.2, and
congestive heart failure can be identified with the ICD-10 code with I09.9, I11.0, I13.0, I13.2,
I25.5, I42.0, I42.5-9, I43.x, I50.x, P29.0 [19,21]. Other comorbidities were identified with the
same procedures.

Only the comorbidities diagnosed before the index primary TAA procedure were
selected as patient variables. This study was approved by the institutional review board of
our institution. Patient consent was exempted by the institutional review board because all
personal information was removed or deidentified from the data.
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2.4. Study Design and Statistical Analysis

Descriptive statistics were used for the demographic data of patients. The Kaplan–
Meier survival analysis of primary TAA was conducted with the failure of the index
primary TAA procedure as the endpoint. Patients were censored in survival analysis if the
patients died or no failure occurred until the end of the study period. Multivariate Cox
hazard regression analysis was performed to find significant risk factors for the failure
of primary TAA. The hazard ratio and 95% confidence intervals (CIs) were calculated.
We included age groups, sex, hospital size, admission duration for the primary TAA
procedure, and comorbidities as independent variables for the regression analysis. All
patients were divided into three age groups: <55, 55 to 64, and ≥65 years. Hospital size
was divided into the following two grades: tertiary or general hospital grade and hospital
or private clinic grade. Hospital grading in South Korea was performed with the following
criteria: a “tertiary hospital” is a medical institution with a minimum of 20 specialized
departments, a “general hospital” is an institution with more than 100 inpatient beds, a
“hospital” is an institution with an inpatient bed quantity of between 30 and 99, and a
“clinic” is an institution with less than 30 inpatient beds. Comorbidities were coded using
the dichotomous scale. The significance level for all statistical analyses was set at 0.05. Data
were analyzed with SAS Enterprise software (version 6.1; SAS Institute) and SPSS version
18.0 (IBM Corp., Armonk, NY, USA).

3. Results
3.1. Study Population

During the study period from 2007 to 2018, 7514 cases of primary TAA procedures
in total were identified. A total of 1059 cases of bilateral procedures and 836 procedures
performed in 2018 were excluded. Ultimately, a total of 5619 cases were included in the
current study. During the study period, a total of 237 cases of TAA failure were identified.
A total of 197 cases were salvaged with revision arthroplasty procedure, and 40 cases
performed the implant removal and ankle arthrodesis procedure. The demographic data of
patients are summarized in Table 1. Mean age was 64.9 ± 9.3 years, and 2833 patients were
male (50.4%).

Table 1. Patient demography and comorbidity.

Demographic Data of Total Ankle Arthroplasty Cases

Number of patients 5619
Age, mean (range) (SD), (%), years 64.9 (17–88) (9.3)

<55 726 (12.9)
55–64 1954 (34.8)
≥65 2939 (52.3)

Sex, (%)
Male 2833 (50.4)
Female 2786 (49.6)

Hospital size, (%)
Tertiary or general hospital 3076 (54.7)
Hospital or private clinic 2543 (45.3)

Admission duration, mean (SD), days 16.3 (10.3)
Comorbidities, (%)

Myocardial infarction 426 (7.6)
Congestive heart failure 613 (10.9)
Cerebrovascular disease 1284 (22.9)
Chronic pulmonary disease 1221 (21.7)
Hypertension 3508 (62.4)
Diabetes 2408 (42.9)
Renal failure 175 (3.1)
Rheumatoid arthritis 775 (13.8)
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Table 1. Cont.

Demographic Data of Total Ankle Arthroplasty Cases

Peripheral vascular disease 2159 (38.4)
Hyperlipidemia 3395 (60.4)
Dementia 262 (4.7)
Obesity 86 (1.5)
Psychosis 179 (3.2)
Depression 884 (15.7)
Osteoporosis 2855 (50.8)
Alcohol abuse 577 (10.3)

3.2. Kaplan–Meier Survival Analysis

The mean survival duration of primary TAA during the study period was 9.6 years
(95% CI, 9.55–9.65 years). During the study period, 2.8% of patients died. The result of
the Kaplan–Meier survival analysis is summarized in Table 2 and Figure 2. The 5-year
survival rate was 95.4% (95% CI, 94.7–96.1%), and the 10-year survival rate was 91.1% (95%
CI, 89.1–93.1%).

Table 2. Kaplan–Meier survival analysis.

Survival Rate 95% Confidence Interval

1 year 98.2% 97.9% to 98.5%
3 years 96.7% 96.2% to 97.2%
5 years 95.4% 94.7% to 96.1%
10 years 91.1% 89.1% to 93.1%
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3.3. Risk Factors for Failure

Statistically significant variables identified in the multivariate Cox regression analysis
are summarized in Table 3. With the reference value of patients aged over 65 years, patients
aged between 55 and 64 years showed a 1.81-fold increased risk of TAA failure (adjusted
hazard ratio (AHR), 1.812; p < 0.001), and patients aged under 55 years showed a 1.73-fold
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increased risk of TAA failure (AHR, 1.725; p < 0.001). Patients with chronic pulmonary
disease showed a 1.48-fold increased risk of TAA failure (AHR, 1.476; p = 0.013). Diabetes
showed a 1.44-fold increased risk of TAA failure (AHR, 1.443; p = 0.014). Alcohol abuse
showed a 1.52-fold increased risk of TAA failure (AHR, 1.524; p = 0.032). Statistically
significant variables identified in the multivariate Cox regression analysis are summarized
in Table 3. With the reference value of patients aged over 65 years, patients aged between
55 and 64 years showed a 1.81-fold increased risk of TAA failure (adjusted hazard ratio
(AHR), 1.812; p < 0.001), and patients aged under 55 years showed a 1.73-fold increased risk
of TAA failure (AHR, 1.725; p < 0.001). Patients with chronic pulmonary disease showed a
1.48-fold increased risk of TAA failure (AHR, 1.476; p = 0.013). Diabetes showed a 1.44-fold
increased risk of TAA failure (AHR, 1.443; p = 0.014). Alcohol abuse showed a 1.52-fold
increased risk of TAA failure (AHR, 1.524; p = 0.032).

Table 3. Results of multivariable Cox regression analysis for risk factors of failure.

Adjusted Hazard Ratio p-Value

Age (years)
<55 1.725 (1.192 to 2.257) p < 0.001
55–64 1.812 (1.355 to 2.422) p < 0.001
≥65 Reference

Chronic pulmonary disease 1.476 (1.084 to 2.010) p = 0.013
Diabetes 1.443 (1.076 to 1.936) p = 0.014
Alcohol abuse 1.524 (1.037 to 2.241) p = 0.032

4. Discussion

The principal findings of this current nationwide large cohort study of primary TAA
procedures, with a total of 5619 cases and 11 years of study period, included a survival
rate of primary TAA at 95.4% over 5 years and 91.1% over 10 years, respectively. This is
one of the largest population data related to the TAA procedure described in the literature.
Risk factors associated with primary TAA failure were younger age (<55 years, AHR, 1.725;
55–64 years, AHR, 1.812), chronic pulmonary disease (AHR, 1.476), diabetes (AHR, 1.443),
and alcohol abuse (AHR, 1.524).

Historically, the TAA procedure has been on a rough road. During the first ten years
of its introduction to the market, less than 30% of TAA procedures showed satisfactory
results [22]. Major complications included wound healing, talar collapse, and implant
loosening. The fully congruous surfaces of the two-component designs were considered a
cause of implant loosening, and prosthesis with a constrained design showed the highest
failure rates with an up to 90% loosening rate reported during the 10 years of the follow-up
period [23].

With the development of modern TAA prosthesis designs, surgical results were im-
proved, reported survival rate varied from 85% to 96% in 5 years and 71% to 94% in more
than 10 years [24]. Among the studies with a large cohort of TAA procedures, a recent study
using the Swedish Ankle Registry database with 1226 cases and a 20-year study period
reported a 5-year survival rate of 85% and a 10-year survival rate of 74%. They also noted
that with the use of modern prostheses, survival analysis showed improved results [25].
Similarly, another study using the French exhaustive discharge database reported a 5-year
survival rate of 84% and a 10-year survival rate of 78% [26].

The authors also noted that the meta-analyses using mostly non-registry data typically
reported survival rates higher than the data reported by the studies using registry data
only.

Despite the use of the national population-based database, the survival analysis of
the current study showed relatively better patient outcomes compared to other recent
studies [1,25,27]. In the literature, primary TAA showed a trend of better survival in
Asian populations; a recent systematic review of TAA survival analyses in Asians with
321 TAA cases in seven studies reported 100% survival over 3 years and 95.1% survival
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over 5 years [24]. They also noted that the survival of TAA seemed to be better in Asian
people. One study suggested that Asian patients partook in activities that promoted high
ankle plantar flexion due to their lifestyle rather than heavy activities such as sports [28].
Furthermore, Valderrabano et al. noted that 56% of Western patients with TAA participated
in sports activities after the procedure [29]. The difference in the lifestyles of the two
populations may be the reason for the better survival of primary TAA in Asian patients,
including the cohort analyzed by the current study.

Numerous studies have been conducted to identify the effect of individual patient
factors on the surgical outcome of TAA procedures, including age [1,2], body mass index
(BMI) [3,4], the presence of diabetes [10], and preoperative deformity [5].

The effects of age on the prognosis of primary TAA have been studied in much
of the literature. Especially during the period when second-generation TAA prostheses
were used, age was very significantly related to worse outcomes [30]. However, recent
studies have noted that age seems to have no effect on the early outcome of primary TAA.
Demetracopoulos et al. described how TAA in younger patient groups showed similar
outcomes compared to older patient groups in early follow-up periods [31]. Tenenbaum
et al. noted that patients in age groups between 50 and 60 years and over 70 years showed an
equivalent improvement after the TAA procedure in clinical outcomes and gait patterns [32].

In the current study, patients younger than 65 years showed an increased risk of
primary TAA failure. Furthermore, the group of patients younger than 55 years and the
group of patients aged between 55 and 64 years showed similar adjusted hazard ratios
(1.725 and 1.812, respectively). Recently, Cottom et al. reported that patients younger than
55 years showed a similar complication rate and patient satisfaction to that of patients
older than 55 years [33]. However, they also found that the eldest group with patients older
than 70 years had slightly better patient-reported outcomes. In addition, they noted that
the younger patient groups showed a tendency for higher complication rates after TAA
procedures in spite of high patient satisfaction [33]. Moreover, many studies that reported
no statistically significant risk association between patient age with primary TAA failure
tended to be limited in the number of patients included [31,33,34]. A recent study on a total
of 4748 patients, with 677 patients under the age of 50 years, found that younger age is a
significant patient risk factor, which is in agreement with the findings of our study [26].

Patients with chronic pulmonary disease showed a 1.476-fold increased risk for TAA
failure in the current study. It is unclear why chronic pulmonary disease is related to TAA
failure. However, chronic lung disease shares many of the same risk factors as arthritis,
such as lower socioeconomic status, smoking, and obesity [35,36]. Thus, it is possible that
the shared risk factors, such as smoking and obesity in chronic lung disease, negatively
affect primary TAA procedures. Smoking is a common risk factor for both arthritis and
chronic obstructive pulmonary disease (COPD), and it may aggravate these two disease
conditions [37]. It has also been noted that smoking is associated with wound complications
and lower surgical outcomes of TAA, and the recent literature recommends ceasing smoking
before proceeding with TAA procedures [38,39]. A recent study also revealed that COPD is
associated with a higher prevalence of joint arthritis [36]. The high prevalence of arthritis
in multiple joints in patients receiving TAA procedures may alter their outcomes.

The effect of obesity on the surgical outcome of TAA has been investigated in the
previous literature. Some studies found a correlation between obesity and the high failure
rate of TAA [3,8], while others noted that there was no association between them [4,40]. In
the current study, we could not find an association between obesity and the TAA failure
rate. However, current national insurance claim data do not provide the body mass index
(BMI) for each patient. Although we used a published algorithm to include comorbidities
as outcome variables [19], only the patients with a diagnostic code for obesity could be
identified for analysis. The lack of correlation between obesity and the risk of TAA failure
in the current study should be interpreted cautiously.

Diabetes has also been reported as a risk factor for revision or infection following
a TAA procedure [10,15,41]. Insulin resistance causes endothelial dysfunction, and the



J. Clin. Med. 2024, 13, 179 8 of 11

resulting elevated inflammatory cytokines in patients with diabetes increase susceptibility
to thrombus-related complications [39]. The current study corroborates previous study
outcomes; we found that the patients with diabetes showed a 1.443-fold increased risk of
TAA failure.

Additionally, the excessive use of alcohol has been established as a risk factor for
postoperative mortality and morbidity in various fields of medicine [42–44]. Ponce et al.
described that patients with a preexisting alcohol use disorder have a 2.7 times greater
risk of perioperative complications after shoulder joint replacement surgery [45]. Our
results corroborate with the previous literature; patients with alcohol use disorder have a
1.524 times greater risk of failure after a primary TAA procedure.

Our study has some limitations inherent to database-related studies. First, we could
not include radiologic analysis as an independent variable factor in the surgical results.
Indeed, perioperative lower limb alignment may be an important factor for the prognosis
of primary TAA. However, a large sample size with detailed data on each patient’s comor-
bidities and its high statistical significance can still give clinical significance to the result of
the current study. Second, specific codes for each surgical procedure or diagnosis may be
inaccurate. However, the accuracy of the coding system was validated by previous studies
as acceptable for statistical analysis [20,46,47]. Third, the specific designs of implants used
in the current study could not be identified. However, during the study period, most of the
TAA implants used in Korea were the third-generation designs of the HINTEGRA® ankle
system (Newdeal SA, Lyon, France) and Salto Talaris Anatomic Ankle (Tornier, Saint-Ismer,
France). HINTEGRA was introduced in 2004 in South Korea, and Salto Talaris in 2011. In
a recent single-center study, Zafar et al. reported that there was no significant difference
in the survival rates of TAA performed with the second and third-generation designs of
HINTEGRA [34]. Furthermore, recent studies report comparable survival outcomes of TAA
performed with third-generation designs, including HINTEGRA and Salto Talaris [26,48].
Mobility prosthesis was also used in South Korea, but it disappeared from the market
in 2012. Fourth, the laterality of the procedures was not included in the database. By
excluding the patients with a multiple primary TAA code, we could minimize the effect of
contra-lateral side procedures.

Fifth, we could not identify combined procedures during index TAA surgery. In
many cases, combined procedures like subtalar arthrodesis, hindfoot osteotomy, ligament
balancing procedures, and midfoot and hindfoot correction for compensatory deformity
should be performed for the optimal outcomes of TAA surgery. However, we could not
include them during our data analysis session. Sixth, we could not include the etiology of
procedures. The combined deformity of stage IV flatfoot or post-traumatic ankle arthritis
can change the outcome of the TAA procedure. However, we believe that a large number
of cases included in the current study can provide a general insight into TAA survival in
South Korea. Seventh, we could not identify the severity of comorbidity. Because we used
the national insurance claim database, only the accompanying disease code in insurance
claims was used to identify patients’ comorbidity. The severity of diabetes, obesity, or
peripheral angiopathy could not be evaluated in the current study. Therefore, caution
should be exercised when interpreting the effect of the patient’s comorbidity on surgical
results. Eighth, we could not include the history of smoking as a patient risk factor for
failure because the database system used for the current study did not provide a smoking
history.

5. Conclusions

In conclusion, the current study on 5619 primary TAA procedures revealed a
10-year survival rate of 91.1%. A younger age, chronic pulmonary disease, diabetes, and
heavy alcohol consumption significantly affected the longevity of primary TAA. Patients
with these medical comorbidities can benefit from preoperative counseling regarding the
longevity of primary TAA. The effects of age after primary TAA on early patient satisfaction
and long-term implant survival should be investigated as a separate entity.
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