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Article

Introduction

The incidence of primary total ankle arthroplasty (TAA) is 
growing, with 41,060 primary TAAs identified from 2009 
to 2019 and annual incidence increasing by >130% nation-
wide.16 As the utilization of primary TAA increases, there 
remains a notable risk of implant failure and subsequent 
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Abstract
Background: The incidence of primary total ankle arthroplasty (TAA) is rising, with a corresponding increase in revision 
surgeries. Despite this, research on risk factors for revision TAA following primary TAA remains limited. Radiographic 
soft tissue thickness has been explored as a potential predictor for outcomes in hip, knee, and shoulder arthroplasty, but 
its role in TAA has not been assessed. This study aimed to assess the predictive value of radiographic soft tissue thickness 
for identifying patients at risk of requiring revision surgery following primary TAA.
Methods: A retrospective study was conducted on 323 patients who underwent primary TAA between 2003 and 2019. 
Radiographic measurements of soft tissue thickness were obtained from preoperative radiographs. Two novel radiographic 
measures of soft tissue thickness were developed and assessed (tibial tissue thickness and talus tissue thickness). Clinical 
variables including age, gender, body mass index (BMI), American Society of Anesthesiologists (ASA) classification, diabetes, 
smoking status, primary diagnosis, and implant type were recorded. Logistic regression analysis was used to assess the 
predictive value of soft tissue thickness and BMI for revision TAA.
Results: The rate of revision surgery was 4.3% (14 of 323 patients). Patients requiring revision had significantly greater tibial 
tissue (3.54 vs 2.48 cm; P = .02) and talus tissue (2.79 vs 2.42 cm; P = .02) thickness compared with those not requiring revision. 
Both the tibial tissue thickness (odds ratio 1.16 [1.12-1.20]; P < .01) and the talus tissue thickness (odds ratio: 1.10 [1.05-1.15]; 
P < .01) measurements were significant predictors of revision TAA in multivariable logistic regression models. However, BMI 
was not a significant predictor of revision TAA. The two metrics demonstrated excellent interrater reliability.
Conclusion: Greater soft tissue thickness was a better predictor of revision TAA compared with BMI. These findings 
suggest that radiographic soft tissue thickness may be a valuable tool for assessing the risk of the need for revision TAA 
following primary TAA. Further research is needed to validate and explore the potential impact on clinical practice.

Level of Evidence: Level III, comparative study.
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necessity for revision surgery.20,40 Identifying risk factors 
would enhance surgical decision making, patient counsel-
ing, and the development of strategies for risk mitigation.1 
However, there is a paucity of research focusing on poten-
tial risk factors for revision TAA following the index 
procedure.

Obesity has been shown to be a modifiable risk factor for 
various postoperative complications following TAA.19,29,39 
As a result, body mass index (BMI) has been used as a 
proxy for body composition because of its ease in calcula-
tion. However, BMI is limited by its ability to accurately 
assess body composition and specific adipose tissue distri-
bution. Research investigating the use of BMI as a surro-
gate for risk stratification in primary TAA has not been 
unifom.2,6,17,19,29,39 A database study found that the incidence 
of TAA failure was higher in individuals classified as obese 
(BMI ≥ 30) compared to those with a normal BMI.39 
However, recent retrospective studies have demonstrated 
that obesity was not associated with increased rates of com-
plications after primary TAA17 and BMI was not a risk fac-
tor of implant failure.6 Additionally, multiple studies have 
demonstrated that body fat percentage is a better predictor 
of outcomes after knee and hip arthroplasty, but these 
assessments require specialized tools limiting their wide-
spread adoption.21,22 These previous studies underscore the 
necessity of exploring alternative methodologies to assess 
obesity-related risks in orthopaedic surgeries.

Moreover, preoperative radiographic soft tissue thick-
ness has been suggested as a predictor of outcomes follow-
ing hip, knee, and shoulder arthroplasty.25,26,28,33,36,38,41 In 
hip arthroplasty, measurements included the distance from 
the tip of the greater trochanter to the skin along a perpen-
dicular line to the femoral diaphysis, whereas knee arthro-
plasty focused on prepatellar and pretubercular thickness 

measurements.26,36,38 Shoulder arthroplasty measured the 
deltoid muscle and subcutaneous fat thickness using con-
centric circles centered on the humeral head.41 Assessing 
soft tissue thickness in the ankle could offer a cost-effective 
means to gauge fatty composition, as radiographs are rou-
tinely taken during standard preoperative assessments. This 
study aimed to assess the predictive efficacy of two distinct 
preoperative radiographic metrics, tibial tissue and talus tis-
sue thickness, for the need for revision TAA and to compare 
their predictive abilities with BMI. We also examined the 
interobserver reliability for these two radiographic metrics. 
We hypothesize that greater tibial tissue and talus tissue 
thickness would be predictive of the need for revision TAA 
following primary TAA.

Methods

Study Design

The study involved querying of our institution’s medical 
record system of patients who underwent primary TAA 
between 2003 and 2019. A total of 1312 patients were identi-
fied during this period. Exclusions were applied based on the 
following criteria: (1) all revision cases; (2) charts lacking 
adequate preoperative lateral plain films; (3) cases with less 
than five years of follow-up; and (4) cases with a history of 
surgery on the ankle of interest prior to primary TAA. A total 
of 830 patients were excluded because of insufficient follow-
up time and 136 cases were excluded because of prior ankle 
surgery. An additional 23 patients were excluded owing to 
missing or poor preoperative radiographs, resulting in a final 
cohort of 323 patients (Figure 1). The selection of TAA 
implant systems, including the INBONE I, INBONE II, 
STAR, Salto-Talaris, Infinity, and Vantage TAA, was based 

Figure 1. Study cohort selection.
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on surgeon preference and patient-specific factors. All proce-
dures were performed at a single institution by one of four 
fellowship-trained surgeons with significant experience in 
TAA. Prior to commencing the study, approval was obtained 
from the Institutional Review Board.

Radiographic Measurements

Preoperative lateral weightbearing radiographs were taken 
and assessed using the Picture Archiving and 
Communication Systems (PACS). No preoperative radio-
graphs were determined to be excessively rotated. All 
TAAs included within our study underwent the procedure 
using an anterior approach. Two distinct measurements 
were developed to accurately capture the soft tissue at the 
surgical site (Figure 2). The two radiographic measure-
ments were obtained on preoperative radiographs as fol-
lows: (1) a line was drawn from the posterior distal tibia to 
the anterior distal tibia, and the distance of the parallel seg-
ment extending from the anterior cortex of the tibia to the 
end of the soft tissue shadow was measured (referred to as 
tibial tissue), and (2) a line was drawn from the lateral pro-
cess of the talus to the head/neck junction of the talus, and 
the distance of the parallel segment, extending from the 
head/neck junction of the talus to the end of the soft tissue 
shadow, was measured (referred to as talus tissue).

In cases where anterior osteophytes exist at the tibia, the 
tibial tissue thickness was determined to start at the anteri-
ormost point of the tibial plafond following the intersection 
point of the anterior tibial cortex and the tibial plafond 
(Figure 3). In cases where imperfect radiographs or ankle 
deformity made it challenging to visualize the lateral pro-
cess of the talus, other preoperative sets of radiographs 
were used to arrive at a more accurate location point for the 
lateral process for use in the talar tissue thickness metric.

Interobserver Reliability

The two radiographic measurements were assessed inde-
pendently by three masked raters using 10 randomly 
selected preoperative lateral radiographs to determine 
interobserver agreement, calculated using the intraclass 
correlation coefficient (ICC).3 ICC values below 0.5 are 
generally considered indicative of poor reliability, whereas 
those falling between 0.5 and 0.75 suggest moderate 

Figure 2. Radiographical assessment of tissue thickness. The figure illustrates the method for obtaining the radiographic 
measurements on weightbearing lateral radiographs. (A) A line was drawn from the posterior distal tibia to the anterior distal tibia 
(red line), and the distance of the parallel segment extending from the anterior cortex of the tibia to the end of the soft tissue 
shadow was measured to determine the tibial tissue thickness. A line was drawn from the lateral process of the talus to the head/
neck junction of the talus (yellow line), and the distance of the parallel segment, extending from the head/neck junction of the talus to 
the end of the soft tissue shadow, was measured to determine the talus tissue thickness. (B) The tibial tissue thickness in this patient 
measures 2.62 cm. (C) This patient’s talus tissue thickness measures 2.56 cm.

Figure 3. Radiographic assessment of the tibial tissue 
thickness in a patient with anterior tibial osteophytes. The 
tibial tissue thickness (orange line) was determined to start 
at the anteriormost point of the tibial plafond following the 
intersection point of the anterior tibial cortex and the tibial 
plafond. This patient’s tibial tissue thickness measured 2.24 cm.
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reliability. ICC values between 0.75 and 0.9 indicate good 
reliability, and values exceeding 0.90 are indicative of 
excellent reliability.18

Clinical Variables

Data variables were gathered through manual chart review, 
encompassing patient demographics and characteristics 
such as gender, American Society of Anesthesiologists 
(ASA) classification, age at primary TAA, BMI, smoking 
status, primary diagnosis, and the presence of diabetes. The 
total tourniquet time for the TAA was also documented. 
Additionally, outcomes, including whether the patient 
underwent revision TAA defined as either single component 
extraction or extraction of both components, were recorded.

Statistical Analysis

Standard descriptive statistics were calculated, including 
the mean, standard deviation (SD), and frequency. The 
Student t test was used to compare continuous variables, 
whereas the χ2 test was employed for the analysis of cate-
gorical variables. The logistic regression models reported 
odds ratios with 95% CIs, P values, and Nagelkerke R2 val-
ues for the analyses. The ICC analysis employed a two-way 
random effects model, considering a single rater/measure-
ment type, with a relationship defined as consistency.18 
ICCs were reported with their corresponding 95% CIs. A 
power analysis was conducted to determine the minimum 
sample size required to detect a significant effect of soft tis-
sue thickness on the risk of revision TAA using a two-tailed 
test with a significance level of .05 and a power of 0.80. The 
revision rate was estimated to be 4.0%, and a clinically sig-
nificant odds ratio was estimated to be 2.0 based on prior 
literature.6 The analysis demonstrated that a minimum sam-
ple size of approximately 250 patients would be needed to 
detect a significant effect of soft tissue thickness on the risk 
of revision TAA with a power of 0.80 and a significance 
level of .05. The R software (version 3.6.1; The R 
Foundation, Vienna, Austria) was used for all statistical 
analyses, with statistical significance defined as P <.05.

Results

Patient Characteristics

The cohort included 323 patients (180 males, 143 females), 
with an average age of 62.9 ± 9.1 years at the time of sur-
gery (Table 1). The most common ASA classification was 
class II (n = 186; 57.6%), followed by class III (n = 127; 
39.3%) and class I (n = 10; 3.1%). The average BMI for all 
patients within this study was 29.6 ± 5.5 kg/m2. Mean fol-
low-up was 7.8 ± 2.3 years. There were 27 patients (8.4%) 
with a history of diabetes. In terms of smoking history, most 

patients (n = 184; 57.0%) had no history of smoking whereas 
130 patients (40.2%) had a history of smoking, and 9 
patients (2.8%) were current smokers. The most common 
preoperative diagnosis resulting in the primary TAA was 
posttraumatic (n = 198; 61.3%), followed by osteoarthritis 
(n = 98; 30.3%). The most common primary implant used 
for TAA was the STAR (n = 98; 30.3%), followed closely by 
Salto-Talaris (n = 82; 25.4%). The average total tourniquet 
time across the cohort was 2.3 ± 0.6 hours.

Revision Total Ankle Arthroplasty

The revision surgery rate was 4.3% (14 of 323 patients). 
There were no significant demographic differences between 
the revision and nonrevision subgroups, including age, gen-
der, BMI, ASA classification, smoking status, primary diag-
nosis, prosthesis type, and total tourniquet time. Patients 
requiring revision had a greater preoperative tibial tissue 
(3.54 vs 2.48 cm; P = .02) and talus tissue (2.79 vs 2.42 cm; 
P = .02) thickness compared to those patients not requiring 
revision.

Logistic Regressions

The multivariable logistic regression analysis, controlling for 
age, gender, BMI, ASA classification, diabetes and smoking 
status, preoperative diagnosis, and implant type, revealed 
that both tibial tissue and talus tissue thickness were signifi-
cant predictors of revision TAA (Table 2). Tibial tissue thick-
ness emerged as a stronger predictor of revision TAA (odds 
ratio: 1.16 [1.12-1.20]; P < .01; Nagelkerke R2 = 0.218) com-
pared with talus tissue thickness (Table 3). However, talus 
tissue thickness remained a significant predictor of revision 
TAA (odds ratio: 1.10 [1.05-1.15]; P < .01; Nagelkerke 
R2 = 0.115) (Table 3). Both soft tissue measurements 
improved the predictive ability of the model, as indicated by 
the Nagelkerke R2 value, compared with the base model 
without those measurements (Table 4). Notably, BMI was not 
a significant predictor of revision TAA following primary 
TAA in all models. Additionally, in the model with tibial tis-
sue as a predictor, follow-up time (P = .02) was an additional 
predictor of revision surgery. In both the talus tissue and BMI 
models, male gender and the primary diagnosis type (osteo-
arthritis, posttraumatic, and rheumatoid) were found to have 
a significant association with revision surgery.

Interobserver Reliability

The tibial tissue measurement exhibited an ICC of 0.982 
(95% CI 0.949-0.995), indicating excellent reliability 
among the masked raters. Similarly, the talus tissue mea-
surement demonstrated an ICC of 0.935 (95% CI 0.824-
0.982), suggesting good to excellent reliability among the 
three masked raters.
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Discussion

Our study found that greater radiographic soft tissue thick-
ness at the tibial and talus regions prior to primary TAA 
was associated with the need for revision surgery and 
proved to be a more effective predictor of subsequent revi-
sion TAA when compared to BMI. The two measurements 
demonstrated excellent interobserver reliability. The find-
ings of this study contribute to the growing body of litera-
ture exploring risk factors for TAA failure and revision 
surgery. These results align with findings in the broader 
orthopaedic literature, indicating that radiographic soft 
tissue thickness is a predictor of complications following 
arthroplasty.26,28,31,34-36,38,41

The association between revision surgery and soft tissue 
thickness may be explained by implant alignment. The 

literature has demonstrated the importance of alignment in 
influencing outcomes following primary TAA.7 Malalignment 
can result in elevated edge loading, polyethylene wear, bear-
ing subluxation, and premature failure of primary TAA.7-9,13 
Further, any malalignment can exacerbate the uneven distri-
bution of force in the bone.10 Richter et al27 conducted a study 
involving 1074 cases of TAA with a three-component ankle 
implant. They found that patients with significant preopera-
tive deformities were more likely to require implant revision, 
highlighting the importance of correcting alignment for suc-
cessful outcomes. Clough et al5 conducted a review of 200 
STAR implants and identified coronal plane malalignment 
(25%) as one of the most frequent reasons for revision TAA. 
The presence of increased soft tissue at the surgical site can 
pose a challenge and may contribute to malalignment. 

Table 1. Patient Demographics and Characteristics.

Characteristics Total Cohort (n = 323) Revision TAA (n = 14) No Revision TAA (n = 309) P Value

Age, y, mean (SD) 62.9 (9.1) 60.86 (9.4) 63.9 (9.1) .40
Follow-up, y, mean (SD) 7.8 (2.3) 8.9 (1.5) 7.8 (0.4) .11
BMI, mean (SD) 29.6 (5.5) 29.7 (3.6) 29.6 (5.5) .91
Sex, n (%) .14
 Male 180 (55.7) 11 (78.6) 169 (54.7)  
 Female 143 (44.3) 3 (21.4) 140 (45.3)  
ASA classification, n (%) .66
 I 10 (3.1) 1 (7.1) 9 (2.9)  
 II 186 (57.6) 8 (57.1) 178 (57.6)  
 III 127 (39.3) 5 (35.7) 122 (39.5)  
Diabetes .51
 Yes 27 (8.4) 0 (0) 27 (8.7)  
 No 296 (91.6) 14 (100) 282 (91.3)  
Smoking status, n (%) .85
 Yes 9 (2.8) 0 (0) 9 (2.9)  
 No 184 (57) 9 (64.3) 175 (56.6)  
 Former 130 (40.2) 5 (35.7) 125 (40.5)  
Primary diagnosis, n (%) .13
 Posttraumatic 198 (61.3) 9 (64.3) 189 (61.2)  
 Osteoarthritis 98 (30.3) 4 (28.6) 94 (30.4)  
 Rheumatoid 18 (5.6) 0 (0) 18 (5.8)  
 Other 6 (1.9) 0 (0) 6 (1.9)  
Prosthesis, n (%) .13
 INBONE I 67 (20.7) 3 (21.4) 64 (20.7)  
 INBONE II 49 (15.2) 1 (7.1) 48 (15.5)  
 Infinity 15 (4.6) 0 (0) 15 (4.9)  
 Salto-Talaris 82 (25.4) 2 (14.3) 80 (25.9)  
 STAR 98 (30.3) 8 (57.1) 90 (29.1)  
 Vantage 12 (3.7) 0 (0) 12 (3.9)  
Total tourniquet time, h 2.28 (0.62) 2.15 (0.52) 2.28 (0.63) .36
Radiographic measurements, cm, mean (SD)
 Tibial tissue 2.53 (0.56) 3.54 (1.49) 2.48 (0.44) .02*

 Talus tissue 2.43 (0.43) 2.79 (0.52) 2.42 (0.42) .02*

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; TAA, total ankle arthroplasty.
*Statistically significant (P < .05).
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Patients with greater soft tissue thickness may face a higher 
risk of malalignment owing to the complexities involved in 
properly positioning the implant within the ankle joint and 
the precision of soft tissue balancing. Moreover, the increase 

in soft tissue at the surgical site could potentially obscure the 
surgical field, making it more challenging for surgeons to 
achieve optimal implant alignment. Additionally, greater soft 
tissue thickness can elevate the risk of complications due to 
substantial shear forces required for increased tissue retrac-
tion.34 Patients who are identified as having increased soft 
tissue may benefit from strategies aimed at mitigating the 
impact of soft tissue thickness on implant alignment, such as 
preoperative planning and intraoperative techniques.12 
Further, surgical site thickness has been shown to be a risk 
factor for infection, wound complications, and early failure 
following total knee and hip arthroplasty.14,25,31

In a retrospective review of 1110 patients undergoing a 
total hip arthroplasty, Sprowls et al35 found that the surgical 
site thickness was predictive of infection and associated 
with revision surgery (odds ratio: 1.022 [1.004-1.041]; 
P = .02). They suggest that a radiographic measure accu-
rately captures surgical site adipose compared with BMI 
and was potentially a modifiable risk factor. Dietary and 
activity adjustments could represent an initial strategy for 
managing these high-risk patients. Watts et al38 reported an 
elevated risk of reoperation and wound complications with 
greater radiographic soft tissue thickness in 1689 primary 
total knee arthroplasties performed on morbidly obese 
patients. Similarly, Shearer et al32 in a multicenter study of 
4745 total knee arthroplasties, observed increased compli-
cations and surgical time correlated with greater soft tissue 
thickness. These findings were replicated in several stud-
ies.4,26,31,34 Likewise, Wu et al41 found an increase in com-
plications and surgical time in patients with greater soft 

Table 3. Logistic Regression Model Predicting Revision Total 
Ankle Arthroplasty Using Talus Tissue Thickness.

Variable
Odds 
Ratio 95% CI P Value

Nagelkerke 
R2

Talus tissue 1.10 1.05-1.15 <.01 0.115
Age 0.999 0.996-1.001 .37  
Male gender 1.059 1.011-1.107 .02  
BMI 0.999 0.995-1.003 .70  
ASA class 0.998 0.953-1.042 .91  
Diabetes 0.954 0.872-1.036 .26  
History of smoking 0.983 0.938-1.028 .45  
Follow-up 1.009 0.999-1.019 .07  
Diagnosis
 Osteoarthritis 0.727 0.497-0.958 .01  
 Post-traumatic 0.722 0.493-0.95 .01  
 Rheumatoid 0.686 0.439-0.932 <.01  
Prosthesis
 INBONE II 0.982 0.905-1.059 .65  
 Infinity 0.983 0.867-1.100 .78  
 Salto-Talaris 0.990 0.922-1.059 .78  
 STAR 1.074 1.008-1.140 .04  

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body 
mass index.

Table 4. Logistic Regression Model Predicting Revision Total 
Ankle Arthroplasty Without Soft Tissue Thickness.

Variable
Odds 
Ratio 95% CI P Value

Nagelkerke 
R2

Age 0.998 0.996-1.001 .27 0.08
Male gender 1.062 1.013-1.111 .02  
BMI 1.001 0.996 -1.005 .71  
ASA class 1.002 0.957-1.047 .93  
Diabetes 0.949 0.866-1.032 .22  
Follow-up 1.009 1.00-1.019 .09  
History of smoking 0.982 0.937-1.028 .45  
Diagnosis
 Osteoarthritis 0.747 0.513-0.981 .02  
 Posttraumatic 0.736 0.504-0.968 .01  
 Rheumatoid 0.697 0.446-0.948 .01  
Prosthesis
 INBONE II 0.975 0.897-1.053 .52  
 Infinity 0.965 0.847-1.084 .56  
 Salto-Talaris 0.994 0.924-1.063 .86  
 STAR 1.064 0.997-1.132 .07  

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body 
mass index.

Table 2. Logistic Regression Model Predicting Revision Total 
Ankle Arthroplasty Using Tibial Tissue Thickness.

Variable
Odds 
Ratio 95% CI P Value

Nagelkerke 
R2

Tibial tissue 1.16 1.12-1.20 <.01 0.218
Age 1.000 0.997-1.003 .97  
Male gender 1.022 0.976-1.069 .35  
BMI 1.000 0.996-1.004 .85  
ASA class 0.986 0.944-1.029 .52  
Diabetes 0.955 0.878-1.032 .24  
History of smoking 0.972 0.93-1.015 .20  
Follow-up 1.011 1.002-1.021 .02  
Diagnosis
 Osteoarthritis 0.871 0.651-1.091 .22  
 Posttraumatic 0.853 0.635-1.071 .15  
 Rheumatoid 0.804 0.569-1.039 .07  
Prosthesis
 INBONE II 0.996 0.924-1.069 .92  
 Infinity 0.985 0.875-1.094 .78  
 Salto-Talaris 1.007 0.943-1.071 .83  
 STAR 1.100 1.038-1.163 <.01  

Abbreviation: ASA, American Society of Anesthesiologists; BMI, body 
mass index; CI, confidence Interval.
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tissue thickness following 211 reverse shoulder arthroplas-
ties. Like Watt et al, they concluded that greater thickness 
resulted in more complicated dissection and tissue trauma, 
leading to complications. These studies suggest that radio-
graphic soft tissue thickness is a potentially modifiable risk 
factor in orthopaedic surgeries. Similarly, our study demon-
strates an association between radiographic soft tissue 
thickness with high interrater reliability and revision TAA.

BMI was not found to be a significant predictor of revi-
sion TAA. Although previous literature has implied that 
obesity, as evidenced by higher BMI, could contribute to 
TAA failure, our study aligns with other research indicating 
that BMI has limited predictive value for outcomes follow-
ing TAA.6,17,19,29,39 The discrepancy in findings may be 
attributed to the limitations of BMI as a measure of body 
composition, as it does not account for specific adipose tis-
sue distribution or body fat percentage that may impact the 
implant.24 Patients with substantial muscle mass may have 
an elevated BMI despite having decreased adipose tissue at 
the surgical site.24 Therefore, BMI may not be the most suit-
able tool for assessing the risk of adverse outcomes follow-
ing arthroplasty.17,21,22,30,37 These soft tissue measurements 
derived from preoperative weight-bearing radiographs 
would offer a more accurate and localized assessment of 
adipose tissue around the foot and ankle than BMI alone. 
Furthermore, the potential for future integration of artificial 
intelligence to automatically generate these measurements 
could streamline risk stratification without disrupting a sur-
geon’s workflow.23 As such, these metrics hold significant 
promise as a valuable tool for preoperative planning and 
risk assessment in foot and ankle surgery. Additionally, it 
remains possible that TAA studies are simply underpowered 
to detect substantial differences in outcomes across varying 
BMI cohorts.

Despite the widespread research on radiographic soft 
tissue thickness in other areas of research, there has been 
limited research on soft tissue thickness in the foot and 
ankle literature.28,36,41 Radiographic measurements of 
site-specific fat distribution have been established in 
other arthroplasties, with reported correlations to compli-
cations.26,28,31,34-36,38,41 However, our study is, to our 
knowledge, the first to demonstrate such an association in 
the context of TAA. In an abstract, Kalma et al15 con-
ducted a retrospective analysis on 197 patients and found 
there to be higher rates of wound healing and complica-
tions in patients with lower soft tissue at the surgical site, 
although it did not reach statistical significance. However, 
our study did not explore wound healing outcomes fol-
lowing TAA. Further research is warranted to fully eluci-
date the impact of soft tissue thickness on wound healing 
and other outcomes in TAA as sufficient soft tissue cover-
age of the prosthesis has been demonstrated to be impor-
tant in managing wound healing complication.11 Future 

studies should include an analysis of wound healing to 
better understand the impact of soft tissue on various 
postoperative outcomes.

The study has several important limitations that should 
be acknowledged. Although the data were prospectively 
collected, the study is retrospective in nature, which limits 
the conclusions that can be drawn. Additionally, our study 
did not include three-dimensional radiographic modalities 
such as magnetic resonance imaging or computed tomogra-
phy. Nevertheless, it is important to note that standard care 
for patients undergoing TAA typically includes obtaining 
plain radiographs, which could improve the reproducibility 
of our study findings. The low rate of revision surgeries in 
our cohort (14 patients) may potentially limit the generaliz-
ability of our findings. With a small number of events, there 
is a risk of overfitting the logistic regression model, leading 
to inflated estimates of the predictive value of soft tissue 
thickness. Additionally, the small number of events may 
reduce the statistical power of the analysis, making it chal-
lenging to detect smaller but clinically significant effects. 
Therefore, caution should be exercised when interpreting 
the results, and further validation in larger cohorts is war-
ranted to confirm the robustness of our findings.

Additionally, the study did not assess other potential risk 
factors for TAA failure, such as patient activity level or 
implant positioning. Our study encompassed a diverse array 
of primary prostheses, potentially introducing an additional 
variable influencing the necessity for revision TAA. The 
varied implants encompassed different designs, and some 
may have been in use longer than others. For instance, the 
STAR prosthesis was frequently observed in the revision 
TAA cohort, but this could merely reflect its status as an 
older implant compared with others in the cohort. Although 
we attempted to mitigate this by accounting for implant 
type and follow-up duration in our multivariable analysis, it 
is crucial to acknowledge this as a limitation. Further 
research incorporating these factors could provide a more 
comprehensive understanding of the predictors of revision 
TAA. Our measurements in this study were developed with 
an anterior approach in mind. Surgical techniques using a 
lateral approach to TAA would require additional radio-
graphic measurements to be developed to help accurately 
assess the surgical site soft tissue thickness. Furthermore, 
ankles with edema may artificially increase soft tissue 
thickness. However, edema may pose similar challenges to 
a greater soft tissue thickness by disrupting normal archi-
tecture and making it difficult to align the implant. Cases 
with anterior osteophytes and obscured visualization of the 
lateral talus process present challenges in measuring the 
radiographic soft tissue thickness. Nevertheless, we present 
methods to address these challenges. Despite the potential 
difficulty in accurate measurement, interrater reliability sta-
tistics were excellent for both radiographic metrics.
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Conclusion

We describe two novel radiographic markers of soft tissue 
thickness, easily obtained from routine preoperative lateral 
weight-bearing radiographs with excellent interrater reli-
ability, that allow for a straightforward estimation of adi-
pose tissue at the surgical site. We successfully demonstrated 
an association between these measurements, tibial tissue 
and talus tissue thickness, and revision TAA. These radio-
graphic markers show promise as a valuable tool for evalu-
ating the risk of the need for revision TAA in obese patients 
following primary TAA.
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