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Background: High failure rates and unacceptable patient outcomes have kept total ankle arthroplasty (TAA) 
from becoming a favorable treatment option. Modern prosthetic designs and techniques have improved 
outcomes and decreased revision rates. Current literature has not adequately investigated the recent trends in 
TAA utilization and revision rate. The purpose of this study was to determine the trends in TAA utilization 
and the rate of revision TAA by analyzing a comprehensive Medicare database for procedures performed 
between 2005 and 2012.
Methods: A retrospective review of a comprehensive Medicare database within the PearlDiver 
Supercomputer application (Warsaw, IN) of the index procedures TAA and revision TAA was conducted. 
Patients who underwent TAA and revision TAA were identified by Current Procedural Terminology 
(CPT)-27702, 27703, and International Classification of Disease ninth revision (ICD) codes 81.56, 81.59 
respectively. The primary outcomes of this study were annual revision incidence and TAA annual utilization. 
Demographic data such as age, gender, and geographical location of patients were also examined. 
Results: Within our study period of 2005–2012 there was a reported total of 7,181 TAAs and 1,431 
revision TAAs which is a revision incidence of 19.928% amongst the Medicare population. The compound 
annual growth rate (CAGR) was 16.37% for TAA, 7.74% for revision TAA, and a mean 7.41% annual 
revision incidence. Amongst females there were 3,568 TAA and 731 revision TAA compared with 3,336 TAA 
and 613 revision TAA amongst males. The greatest amount of TAA and revision TAA were found in the 
65–69 age group followed by the 70–74 age group. Regionally, the highest number of TAA and revision TAA 
were found in the South and the lowest in the Northeast. 
Conclusions: Our analysis of the Medicare database shows that there is a high rate of annual growth in 
TAA utilization (16.37%) and revision TAA (7.74%) indicating that there is an increased demand for TAA 
in the Unites States. However, failed TAA can have serious consequence and revision TAA remains to have 
suboptimal results. This study highlights the recent trends in ankle arthroplasty and serves to increase 
awareness of this increasingly popular procedure.
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Introduction

Total ankle arthroplasty (TAA) has been utilized by 
orthopedic surgeons since the 1970’s but was fraught with 
high failure rates and unacceptable patient outcomes (1). 
This has led to ankle arthrodesis becoming the favored 
treatment option (2). As new prosthetic designs and 
techniques emerged, improved outcomes and decreased 
failure rates have brought TAA back as a viable alternative 
to arthrodesis. However, the literature still suggests that the 
failure rate of TAA is about 10–20% within 10 years (3,4). 
Furthermore, TAA has been shown to have a significantly 
higher revision rate compared with total knee arthroplasty 
(TKA) and total hip arthroplasty (THA) (5,6). Current 
literature has not adequately investigated the recent trends 
in TAA utilization and revision rate. The purpose of this 
study was to determine the trends in TAA utilization and 
the rate of revision TAA by analyzing a comprehensive 
Medicare database for procedures performed between 2005 
and 2012.

Methods

A retrospective review of a large comprehensive Medicare 
database within the PearlDiver Supercomputer application 
(Warsaw, IN) of the index procedures TAA and revision 
TAA will be conducted. The PearlDiver database is a 
publicly available, Health Insurance Portability and 
Accountability Act (HIPAA)-compliant national database 
compiled from a collection of Medicare records. This 
database contains current procedural terminology (CPT) 
and International Classification of Diseases, Ninth Revision 
(ICD-9) codes from 2005 to 2012.

Patients who underwent TAA and revision TAA were 
identified by Current Procedural Terminology (CPT)-
27702, 27703, and International Classification of Disease 
ninth revision (ICD) codes 81.56, 81.59 respectively. 
The primary outcomes of this study were annual revision 
incidence, annual TAA utilization, and annual revision 
burden on the healthcare system. Revision burden was 
defined as a ratio of revisions to the sum of revision and 
primary procedures. Demographic data such as age, gender, 
and geographical location of patients was also examined. 
Statistical analysis of this study was performed with Minitab 
v17 (State college, PA) and was primarily descriptive 
including calculating the compound annual growth rate 
(CAGR) through the standard formula of utilization. Paired 
t-tests were utilized where appropriate.

Results

Our search returned a total of 7,181 TAAs and 1,431 
revision TAAs within the study period of 2005–2012. 
Within our study period there was a 16.37% CAGR for 
TAA and a 7.74% CAGR for revision TAA. There was an 
overall revision incidence of 19.93% (−7.41% CAGR) and 
a revision burden of 16.62% (−6.17%). Annual utilization, 
revision incidence, and revision burden is detailed within 
Table 1. 

Amongst females there were 3,568 TAA (51.10%) and 
731 revision TAA (53.70%) compared with 3,336 TAA 
(47.70%) and 613 revision TAA (45.00%) amongst males 
Table 2. The majority of TAA were found in the 65–69 age 
group (30.90%) followed by the 70–74 age group (25.40%). 
The majority of revision TAA were performed in the 65–69 
age group (26.30%) followed by the <65 year age group 
(23.30%). A breakdown of TAA and revision TAA amongst 
all age groups is listed in Table 3.  

The highest number of TAA and revision TAA were 
performed in the South (35.50%, 36.30%) and the 
lowest in the Northeast (10.40%, 11.60%) geographic 
regions Table 4. 

Discussion

The purpose of this study was to determine the trends in 
TAA utilization and the rate of revision TAA by analyzing 
a comprehensive Medicare database for procedures 
performed between 2005 and 2012.

The primary questions of our study were to determine:
(I) What are the trends in TAA utilization?
(II) What is the revision incidence and revision burden 

of TAA?
(III) What are the demographic considerations in TAA 

and revision TAA such as age and gender?
Currently the gold standard of surgical treatment for end 

stage arthritis that has failed conservative management is 
ankle arthrodesis (7). Advances in TAA technology has led 
to better prosthetics, improved techniques, and increased 
interest in TAA (8,9). This is supported by the results of 
our study, which describe an increase in the utilization of 
TAA from 524 in 2005 to 1,514 in 2012 (CAGR 16.37%). 
A recent study comparing the trends in TAA versus ankle 
arthrodesis further supported these findings by describing 
a steady increase in TAA utilization from 2006–2010. 
Nevertheless, ankle arthrodesis was still performed six 
times more frequently (2). Our data is further supported by 
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a study on TAA utilization that investigated international 
registries, including Australia, England/Wales, Finland, 
New Zealand, Norway, and Sweden, that found an increase 
of TAA procedures performed from 191 in 2000 to 911 in 
2011 (10).

Failed TAA can have serious consequences including 
below the knee amputation (11,12). Thus it is important to 
consider the revision incidence and burden of TAA. The 
results of the present study found a revision incidence of 
19.93% and a revision burden of 16.6%. This is supported 
by a study on the Scandinavian Total Ankle Replacement 
(STAR) system implanted in 51 ankles that found a revision 
rate of 23.5% (13). This is further supported by a recent 
study which investigated joint registries in Norway, 
Sweden and New Zealand for the STAR (Waldemar 
Link, Hamburg, Germany); Agility (DePuy, Warsaw, IN 
46582); Büchel-Pappas (Endotec, Orange, NJ); Hintegra 
(Newdeal SA, Vienne, France);  Mobil ity (DePuy, 
Warsaw, IN 46582); Ramses (Laboratoire Fournitures 
Hospitalieres, Heimsbrunn, France) ankle implants and 
found an average revision rate of 21.8% after 5 years, and 
43.5% after 10 years regardless of implant type (5).

A wide variety of studies have been conducted comparing 
TAA and arthrodesis. The American Orthopedic Foot and 
Ankle Society recently published a position statement in 
which they endorse the use of TAA in patients with arthritic 
conditions. The statement emphasizes the improvement 
in quality of life, pain reduction and function, which occur 
mainly with TAA but also acknowledge that ankle fusion 
provides similar pain reduction compared to TAA. Other 

Table 1 Annual total ankle arthroplasty (TAA) vs. revision TAA

Year TAA Revision TAA Revision incidence (%) Revision burden (%)

2005 524 143 27.29 21.40

2006 438 136 31.05 23.70

2007 601 150 24.96 20.00

2008 730 179 24.52 19.70

2009 869 180 20.71 17.20

2010 1,164 205 17.61 15.00

2011 1,341 197 14.69 12.80

2012 1,514 241 15.92 13.70

Total 7,181 1,431 19.93 16.60

Compound annual growth rate (CAGR) 16.37% 7.74% −7.41 −6.17

Table 2 Total ankle arthroplasty (TAA) vs. revision TAA gender

Gender TAA, n (%) Revision TAA, n (%)

Female 3,568 (51.10) 731 (53.70)

Male 3,336 (47.70) 613 (45.00)

Unknown 83 (1.20) 17 (1.20)

Table 3 Total ankle arthroplasty (TAA) vs. revision TAA age

Age (years) TAA, n (%) Revision TAA, n (%)

Unknown 83 (1.20) 17 (1.20)

<65 1,105 (15.70) 324 (23.30)

65–69 2,174 (30.90) 365 (26.30)

70–74 1,785 (25.40) 289 (20.80)

75–79 1,245 (17.70) 237 (17.10)

80–84 503 (7.10) 120 (8.60)

>85 142 (2.00) 36 (2.60)

Table 4 Total ankle arthroplasty (TAA) vs. revision TAA region

Region TAA, n (%) Revision TAA, n (%)

Midwest 2,132 (30.50) 397 (29.20)

Northeast 726 (10.40) 158 (11.60)

South 2,478 (35.50) 494 (36.30)

West 1,644 (23.60) 311 (22.90)
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potential benefits of TAA over ankle arthrodesis include the 
decreased stress on the subtalar and midfoot joints as well as 
improved gait.

The results of our study show that TAA (51.1% in 
females vs. 47.7% in males, P=0.0001) and revision 
TAAs are significantly higher in females (53.7% in females 
vs. 45.0% in males, P=0.0001). However in contrast to our 
study, Henricson et al. investigated 531 prostheses where 
101 were revised (19%) and determined gender to not be 
a significant (P=0.4) factor in revision (14). Conversely, a 
recent study investigated the effect of gender on 116 revised 
TAA patients and found that the AOFAS hindfoot score for 
male patients did better (76±20) than female patients (67±17, 
P=0.03) (15). There are few other studies investigating 
gender disparities as a revision risk factor.

Limitations

This study is not without limitations. The PearlDiver 
database is reliant upon accurate CPT or ICD coding 
which creates the potential for a reporting bias. Also 
certain patients might have received either a below knee 
amputation with a previous removal of implant of just 
a removal of implant or arthrodesis which might cause 
certain skewedness of the data. The type of implant used 
and cause for revision were not investigated within this 
study. However, the focus of this study was to determine 
the overall trends, thus potential bias should be mitigated. 
Additionally, comorbidities such as BMI were not stratified 
as a factor that can affect revision rate. However, this study 
benefits from a large patient population and the inclusion 
of eight years of data in trend analysis.

Conclusions

Our analysis of the Medicare database shows that there is a 
high rate of annual growth in TAA utilization (16.37%) and 
revision TAA (7.74%) indicating that there is an increased 
demand for TAA in the Unites States. However, failed TAA 
can have serious consequence and revision TAA remains to 
have suboptimal results. This study highlights the recent 
trends in ankle arthroplasty and serves to increase awareness 
of this increasingly popular procedure.
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