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INTRODUCTION: Progressive collapsing foot deformity (PCFD) is a complex foot and ankle condition characterized by peritalar subluxation [1]. Individuals 

with PCFD have unique and intricate morphologies with complex articular relationships, often causing pain, malalignment, and loss of function [2, 3]. This 
foot deformity is more prevalent among high body mass index (BMI) patients, as their increased weight places higher stress on the ligaments of the medial 

longitudinal arch, causing it to flatten [4]. However, there is currently a lack of research investigating the specific impacts of BMI on the morphology of PCFD. 

Typically, conditions of the foot and ankle, such as PCFD, are evaluated using x-rays and two-dimensional (2D) measurements [5]. The development of 
weightbearing computed tomography (WBCT) has allowed for a more comprehensive analysis of bone structure in a natural, standing position [6, 7]. In this 

study, WBCT scans from groups of varying BMIs were used to observe several common 2D clinical measures of PCFD. It was hypothesized that BMI would 

influence severity of the foot deformity and therefore, clinical measures would vary with BMI. 
 

METHODS: In this study, seventy-four patients (age: 44.4 ± 18.4 years; 28 females, 98 feet) presenting with 

PCFD underwent WBCT scans (Planmed Verity; 0.4x0.4x0.4 mm voxels) with IRB approval. Six groups of 

varying BMI ranges were populated from the 74 patients. (Table 1, Figure 1) These scans were de-identified and 

semi-automatically segmented to develop digitally reconstructed radiographs (DRRs) using DISIOR (Disior 2.1). 

Clinical measurements associated with PCFD were determined from literature [6,7,8]. (Figure 2) The clinical 
measures selected were Hindfoot Moment Arm (HMA) and Calcaneal Inclination Angle - Sagittal (CIA) to 

represent the hindfoot and Talonavicular Coverage - Axial (TNC) and Meary’s Angle - Sagittal (MA) to represent 
the talonavicular joint. Statistical analysis was performed in MATLAB (MathWorks 2023a). Parametric values 

(MA and CIA) were analyzed using a one-way ANOVA while non-parametric values (HMA and TNC) were 

analyzed using a Kruskal-Wallis test. 
 

RESULTS: The only statistically different clinical measure was HMA between BMI Groups 2 and 3 (p = 0.0183). 

Comparisons of all other values among the varying BMI groups yielded no statistical significance. 
 

DISCUSSION: The results from the DRRs demonstrated a lack of significance among common 2D clinical measures, suggesting that BMI may not be a sole 

contributor to influencing bone anatomy in individuals presenting with PCFD. This information is important in understanding the etiology and treatment of 
PCFD. However, to further investigate these findings, the results from the 2D analyses should be compared with 3D measurements, such as joint coverage and 

distance analysis. The bones of the foot have complex and unique orientations that are difficult to assess with conventional 2D radiographs. Superimposition 

of these bones is often misrepresented in the conversion of 3D surfaces (bones) to 2D images (radiographs), leading to inaccurate measurements [9]. However, 
the development of WBCT has allowed accurate 3D visualization, comprehensive analyses, and a new grading system to report degenerative progression 

throughout the ankle joints [10]. This technology is a vital tool in the future of this study. Future work will include verification of segmentations from WBCT 

scans of these PCFD patients and performing 3D evaluations of their bones. This data can then be compared to the 2D results, offering further insight into the 
role of BMI in PCFD. This study highlights the complexity of the foot and ankle as well as the need to consider morphological variations of bones and joints 

when considering surgical intervention in PCFD. 

 
CLINICAL RELEVANCE: These findings may help surgeons better understand the underlining mechanism of PCFD, while also suggesting that the  

selection of surgical procedures and treatments for PCFD may not need to be adapted for BMI. This information contributes to the growing database of  

information regarding PCFD, offering valuable insights that could be used to improve the clinical care of pathological feet. 
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BMI Range # of feet 

Group 1 < 24.99 22 

Group 2 25.0 - 29.99 25 

Group 3 30.0 - 34.99 11 

Group 4 35.0 - 39.99 19 

Group 5 40.0 - 44.99 12 

Group 6 45.0 + 9 

Figure 2: Disior DRR's. (A) Group 1 patient with a MA of 11.45 deg. (B) Group 6 

patient with a MA of -16.46 deg. (C) Group 1 patient with CIA of 16.05 deg. (D) 

Group 6 patient with a CIA of 21.72 deg 

Figure 1: 3D models of patient-specific foot and ankle bones from each BMI group. 

Asymptomatic healthy control for representative comparison. 

Table 1: BMI groupings with number of 

feet per group 
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