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Abstract: This study aimed to clarify the relationship between the joint and ligament structures of 

the subtalar joint and degeneration of the subtalar articular facet. We examined 50 feet from 25 Jap-

anese cadavers. The number of articular facets, joint congruence, and intersecting angle were meas-

ured for the joint structure of the subtalar joint, and the footprint areas of the ligament attachments 

of the cervical ligament, interosseous talocalcaneal ligament (ITCL), and anterior capsular ligament 

were measured for the ligament structure. Also, subtalar joint facets were classified into Degenera-

tion (+) and (-) groups according to degeneration of the talus and calcaneus. No significant relation-

ship was identified between the joint structure of the subtalar joint and degeneration of the subtalar 

articular facet. In contrast, footprint area of the ITCL was significantly higher in the Degeneration 

(+) group than in the Degeneration (-) group for the subtalar joint facet. These results suggest that 

the joint structure of the subtalar joint may not affect degeneration of the subtalar articular facet. 

Degeneration of the subtalar articular facet may be related to the size of the ITCL. 
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1. Introduction 

Recently, subtalar joint instability has been reported to occur in 10–80% of patients 

with chronic lateral ankle instability [1], but the problem is very difficult to diagnose [1,2]. 

Reasons for this include that the subtalar joint comprises anatomically complex structures 

and subtalar joint instability is similar to chronic ankle instability [2,3]. In a report on a 

mouse model of combined injury to the talocrural and subtalar joints, cartilage degenera-

tion of the talocrural and subtalar joints was observed at 12 weeks after the ligament was 

cut, suggesting the possibility of progression to osteoarthritis [4]. Elucidation of detailed 

anatomical findings is therefore imperative to allow accurate diagnosis and evaluation of 

subtalar joint instability. 

Previous studies have suggested that nerves, articular facets and ligaments, and 

muscles are involved in foot stability [5]. The anatomy of the subtalar joint involves mul-

tiple bony articular facets and ligaments [6]. Furthermore, since no muscles attach to the 

talus, movement of the talus is considered dependent on the forces applied to the joint [7]. 

These joint and ligament structures are thus considered to be highly involved in stability 

of the subtalar joint. 

The relationships between joint structure of the subtalar joint facet (morphology 

of the articular facet, joint congruence, and intersecting angle) and degeneration of the 

subtalar articular facet have long been investigated. In addition, the presence of degener-

ation of the subtalar articular facet had been considered to indicate that the joint is unsta-

ble [8]. Previous studies using bleached bone have revealed that a two-facet configuration 

for the morphology of the articular facet of the calcaneus, which involves continuity 
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between the anterior facet (AF) and middle facet (MF) and isolation of the posterior facet 

(PF), is prone to degeneration of the articular facet [8,9]. In terms of joint congruence, the 

foot with congruence of the subtalar joint facet of the talus and calcaneus has been con-

sidered more stable than the foot with incongruence of the subtalar joint facet of the talus 

and calcaneus [10]. The intersecting angle is the angle between the AF and MF of the cal-

caneus. The calcaneus with a two-facet configuration has been reported to show a larger 

intersecting angle and more frequent degeneration of the subtalar articular facet than that 

with a three-facet configuration [8,9]. Intersecting angle may therefore also be related to 

degeneration of the subtalar articular facet [8,9]. However, recent reports on bones with 

residual soft tissue, including cartilage, have found significant associations between mor-

phology of the articular facet, joint congruence, or intersecting angle and degeneration of 

the subtalar articular facet [11], and agreement has been lacking among previous studies. 

The ligaments involved in the braking of the subtalar joint include the calca-

neofibular ligament [12,13], cervical ligament (CL) [14,15], interosseous talocalcaneal lig-

ament (ITCL) [15–17], and anterior capsular ligament (ACaL) [15–17]. The calcaneofibular 

ligament is reportedly important in braking the subtalar joint, but the CL, ITCL, and ACaL 

have not been adequately studied. Jotoku et al. [16] considered that the size of the ligament 

may reflect mechanical demands on the involved structures. Ligamentous structures may 

thus be greater in area where the joint is unstable and loaded, but the relationship between 

joint and ligamentous structures of the subtalar joint and degeneration of the subtalar ar-

ticular facet remains unclear. 

The present study aimed to clarify relationships between joint and ligament struc-

tures of the subtalar joint and degeneration of the subtalar articular facet. We hypothe-

sized that the joint structure of the subtalar joint facet is independent of the presence or 

absence of degeneration of the subtalar articular facet and that ligaments are larger in feet 

with degeneration of the subtalar articular facet. 

2. Materials and Methods 

2.1. Cadavers 

This investigation examined 50 feet from 25 Japanese fixed cadavers (mean age at 

death, 79.4 ± 10.8 years; 26 sides from men, 24 sides from women, 25 right sides, 25 left 

sides) donated to Nippon Dental University School of Life Dentistry at Niigata. All cadav-

ers had been fixed in 10% formalin that was then replaced with alcohol. Inclusion criteria 

were no history of surgery on the foot or ankle joint. This investigation was conducted 

with the approval of the Ethics Committee at our institution (approval no. 18867-220720). 

This study complied with the Declaration of Helsinki and was conducted after informed 

consent was obtained from all donor families. 

 

2.2. Measurement procedures 

The dissection procedure consisted of amputation of the donor foot 10 cm above the 

ankle joint, followed by dissection of the skin, subcutaneous tissue, inferior extensor reti-

naculum, and lower leg muscle and tendons from the isolated foot specimen. In addition, 

to transect the talus at the subtalar joint, ligaments were cut in the following order: calca-

neofibular ligament, lateral talocalcaneal ligament, CL, dorsal talonavicular ligament, 

ACaL, posterior talocalcaneal ligament, deltoid ligament, and ITCL. To disarticulate the 

calcaneus at the transverse tarsal joint, ligaments were cut in the following order: bifur-

cated ligament, dorsal calcaneocuboid ligament, plantar calcaneonavicular ligament, 

short plantar ligament, long plantar ligament, and plantar calcaneocuboid ligament. 

Based on previous studies [8,11,18–21], the morphology of articular facets was classified 

by the number of articular facets in each talus and calcaneus according to the morphology 

of AF and MF. A morphology in which AF and MF were continuous and PF was isolated 

was considered a two-facet configuration, and a morphology in which AF, MF, and PF 

were isolated was considered a three-facet configuration (Figure 1). Joint congruence was 

evaluated based on whether the number of articular facets of the talus and calcaneus were 
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the same or different, using the classification of articular facets described above [10]. Pres-

ence of the same number of articular facets for the talus and calcaneus was considered as 

congruence, while any difference was taken as incongruence (Figure 2). Intersecting angle 

was measured by placing a protractor (Stainless Steel Protractor and Angle Finder; Gen-

eral Tools, China) just above the articular facet of the calcaneus and measuring the angle 

between the AF and MF. Only a single measurement was taken (Figure 3). The footprint 

area of the ligament attachment was used to evaluate ligament structure. Footprint areas 

were analyzed for CL, ITCL, and ACaL. These ligaments were carefully exposed from the 

disarticulated talus and calcaneus, and each ligament was detached from each bone. The 

detached areas were then colored with a pen to identify the footprint area for each liga-

ment attachment. A three-dimensional (3D) scanner (EinScan Pro HD; SHINING 3D, 

Hangzhou, China) (specifications from the manufacturer: measurement precision, 0.04 

mm) was used to create 3D models of the talus and calcaneus. The 3D model data were 

transferred to Geomagic Freeform 2021 design software (3D SYSTEMS), and curves were 

drawn on the boundaries of the footprint area using a pen-type device (Touch; 3D SYS-

TEMS). Afterward, footprint areas on the talar and calcaneal sides were calculated using 

Rhinoceros7 3D software (McNeel) (Figure 4). Footprint area was taken as the sum of foot-

print areas of the talus and calcaneus sides, with one measurement taken for each foot-

print area of each ligament. Degeneration of the subtalar articular facet of the talus and 

calcaneus AF, MF, and PF was evaluated with a gross anatomical method based on the 

classification of Hirose et al. [22]. This method classifies joint facet degeneration into four 

grades: grade 1, no pathology; grade 2, swelling or fibrillation as a pre-degenerative 

change; grade 3, fissure or distinct erosion; or grade 4, cartilage defect. In addition, a pre-

vious study showed that osteophyte formation is observed in severe joint degeneration 

[23]. Therefore, in this study, in addition to the aforementioned grades 3 and 4, osteophyte 

formation was evaluated as a characteristic feature of degeneration of the subtalar articu-

lar facet. Feet with degeneration of any of the articular facets of the talus, articular facets 

of the calcaneus, or degeneration of the talus and calcaneus were assigned to the Degen-

eration (+) group. Feet without any degeneration of the talus or calcaneus were assigned 

to the Degeneration (-) group (Figure 5). The number of articular facets, joint congruence, 

intersecting angle, footprint area, and degeneration of the subtalar articular facet were 

evaluated and measured by one examiner. 
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Figure 1. Procedure for classifying the number of subtalar articular facets. (a, c) Plantar view of 

the right talus (b, d) Dorsal view of the right calcaneus. M: medial side; L: lateral side. A morphol-

ogy in which the anterior facet (AF) and middle facet (MF) are continuous, and the posterior facet 

(PF) is isolated is considered as a two-facet configuration. A morphology in which AF, MF, and PF 

are all isolated is considered as a three-facet configuration. 
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Figure 2. Procedure for assessing joint congruence. (a, c) Plantar aspect of the right talus; (b, d) 

Dorsal aspect of the right calcaneus. Joint congruence was evaluated based on whether the number 

of articular facets of the talus and calcaneus were the same or different based on the classification of 

the number of the articular facets. The same number of articular facets for both talus and calcaneus 

was considered to represent congruence (a, b) and a different number represented incongruence (c, 

d). 
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Figure 3. Procedure for measuring the intersecting angle. (a) Dorsal view of the right calcaneus; 

(b) Anteromedial view of the right calcaneus. The intersecting angle was measured by placing the 

protractor just above the articular facet of the calcaneus and measuring the angle between the AF 

and MF. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Procedure for measuring footprint area. (a) Site of attachment of the cervical ligament, 

interosseous talocalcaneal ligament, and anterior capsular ligament: right foot, dorsal view; (b) Af-

ter detaching ligaments from bones, detached areas were colored with a pen to identify the footprint 

for each ligamentous attachment; (c) A three-dimensional (3D) scanner was used to create 3D mod-

els of the talus and calcaneus; (d) A curve was drawn on the boundaries of the footprint using a 

pen-type device; (e) Footprint area was then calculated using Rhinoceros7 3D software. 
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Figure 5. Procedure for assessing degeneration of the subtalar articular facet. (a, c) Plantar view 

of the right talus; (b, d) Dorsal view of the calcaneus. Arrow: Areas showing degeneration of the 

subtalar articular facet. M: medial side; L: lateral side. Joints showing degeneration of any of articu-

lar facets of the talus, calcaneus, or both were assigned to the Degeneration (+) group. Joints with 

no degeneration of the talus or calcaneus were assigned to the Degradation (-) group. 

 

2.3. Reliability of measurements of intersecting angle and footprint area 

The reliabilities of intersecting angle and footprint area measurements were exam-

ined for 10 feet from 5 Japanese fixed cadavers (mean age at death, 72.8 ± 15.9 years; 3 

sides from men, 2 sides from women, 5 right sides, 5 left sides) with no history of ankle or 

ankle joint surgery. Intersecting angles were measured as described above, and re-meas-

urements were taken on the same day as the first measurement. The footprint area was 

measured by the method described above, and re-measurements were taken the next day 

or later. 
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2.4. Statistical analysis  

Statistical analyses were performed using IBM SPSS Statistics Version 28.0 (IBM, 

NY, USA). The intraclass correlation coefficient (ICC) was used to examine the reliability, 

and intra-examiner reliability (1,1) was calculated for each intersecting angle and footprint 

area. Relationships between number of articular facets of the talus, joint congruence, and 

degeneration of the subtalar articular facet were examined using Fisher's exact test. The 

relationship between the number of articular facets of the calcaneus and degeneration of 

the subtalar articular facet was examined using the Chi-square test. After performing the 

Shapiro–Wilk test and Levene's test on the intersecting angle and footprint area, Welch's 

t-test was used for the footprint area of the ACaL, and a two-sample t-test was used for 

the total footprint area of the CL, ITCL, and ACaL in comparisons of the Degeneration (+) 

and Degeneration (-) groups of the subtalar joint facet. Intersecting angle and footprint 

areas of CL and ITCL were compared between the Degeneration (+) and Degeneration (-) 

groups of the subtalar joint facet using the Mann–Whitney U test. The significance level 

was set at 5%. 

3. Results 

3.1. Reliability of measurements of intersecting angle and footprint area 

ICC (1,1) values for measurement of the intersecting angle and footprint area were 

0.989 and 0.975, respectively. According to the criteria of Landis et al. [24], an ICC greater 

than 0.81 reflects “almost perfect” reliability of the measurement. Therefore, the reliability 

of measurements of intersecting angle and footprint area in this study were almost perfect. 

3.2. Joint and ligament structure and degeneration of the subtalar articular facet 

In terms of the number of articular facets of the talus, 76% (38/50) showed a two-facet 

configuration and 24% (12/50) had a three-facet configuration. Joint congruence was seen 

in 88% (44/50), with 12% (6/50) incongruent. Mean intersecting angle for the 50 feet was 

138.4 ± 8.6° (Table 1). Mean footprint area for the 50 feet was 112.2 ± 43.6 mm2 for CL, 48.4 

± 24.3 mm2 for ITCL, and 48.3 ± 25.1 mm2 for ACaL. Total footprint area of the CL, ITCL, 

and ACaL was 208.9 ± 68.8 mm2 (Table 2). Degeneration of the subtalar articular facet was 

seen in 40% of feet (20/50; Degeneration (+) group), with 60% (30/50) in the Degeneration 

(-) group.  

3.3. Relationship between joint and ligament structures and degeneration of the subtalar articu-

lar facet 

In terms of joint structure, no significant differences were seen in number of articu-

lar facets of the talus and calcaneus, joint congruence, or intersecting angle between the 

Degeneration (+) and Degeneration (-) groups (Table 1). In terms of ligament structure, 

only footprint area of the ITCL was significantly higher in the Degeneration (+) group 

compared to the Degeneration (-) group (p = 0.036). No significant group differences be-

tween Degeneration (+) and Degeneration (-) groups were seen in footprint areas of the 

CL ACaL, or total footprint area for the CL, ITCL, and ACaL (Table 2). 

  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 January 2023                   doi:10.20944/preprints202301.0158.v1

https://doi.org/10.20944/preprints202301.0158.v1


 

 

Table 1. Relationship between joint structure of the subtalar joint and degeneration of the subtalar 

articular facet. 

 Degeneration  

 (+) (-) Total 

Number of joint facets (n)    

Talar two-facet configuration 17 21 38 

Talar three-facet configuration 3 9 12 

Calcaneal two-facet configuration 15 17 32 

Calcaneal three-facet configuration 5 13 18 

Joint congruence (n)    

Congruent 18 26 44 

Incongruent 2 4 6 

Intersecting angle (°) 137.8 ± 6.7 138.7 ± 9.7 138.4 ± 8.6 

Congruent: Specimens with the same number of articular facets for both talus and calcaneus. 

Incongruent: Specimens with a different number of articular facets for the talus and calcaneus. 

Degeneration (+): Specimen with degeneration of the subtalar articular facet. 

Degeneration (-): Specimens without degeneration of the subtalar articular facet. 

Table 2. Relationship between ligament structure of the subtalar joint and degeneration of the sub-

talar articular facet. 

 Degeneration  

 (+) (-) Total 

Footprint area (mm2)    

CL 110.1 ± 46.0 113.6 ± 42.8 112.2 ± 43.6 

ITCL 55.0 ± 21.1 44.1 ± 25.7 * 48.4 ± 24.3 

ACaL 44.9 ± 17.9 50.5 ± 29.1 48.3 ± 25.1 

Total footprint of CL, ITCL, ACaL 210.0 ± 61.8 208.2 ± 74.2 208.9 ± 68.8 

Values are given as mean ± standard deviation. CL: cervical ligament; ITCL: interosseous talocalcaneal ligament; ACaL: anterior 

capsular ligament. 

Degeneration (+): Specimen with degeneration of the subtalar articular facet. 

Degeneration (-): Specimen without degeneration of the subtalar articular facet. 

*p = 0.036 vs. Degeneration (+) for the subtalar articular facet. 

4. Discussion 

This study examined the relationship between joint and ligament structures of the 

subtalar joint and degeneration of the subtalar articular facet in Japanese fixed cadavers. 

To the best of our knowledge, this represents the first study to examine the relationship 

between joint and ligament structure of the subtalar joint and degeneration of the subtalar 

articular facet. Two main findings were obtained from this study. First, no significant re-

lationship was apparent between joint structure of the subtalar joint (number of articular 

facets of the talus and calcaneus, joint congruence, and intersecting angle) and degenera-

tion of the subtalar articular facet. Second, in terms of the ligamentous structure of the 

subtalar joint, footprint area of the ITCL was significantly higher in the Degeneration (+) 

group than in the Degeneration (-) group. 
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The present study did not find any relationship between joint structure of the sub-

talar joint (number of articular facets of the talus and calcaneus, joint congruence, or in-

tersecting angle) and degeneration of the subtalar articular facet. These results were sim-

ilar to those described by Kleipool et al. [11], who examined relationships between the 

number of articular facets, joint congruence, intersecting angle and degeneration of the 

subtalar articular facet in bone specimens with residual soft tissue. Kleipool et al. [11] also 

considered that the degeneration of the subtalar articular facet observed in bleached bone 

may reflect secondary features of degeneration, while bone with remaining soft tissue 

may allow detection of early-stage degeneration of the articular cartilage. In this study, 

articular cartilage degeneration and osteophyte formation were analyzed as degeneration 

of the subtalar articular facet, which may have allowed more comprehensive evaluation 

than in previous studies. In a review article [25] reporting risk factors for osteoarthritis, 

systemic factors such as sex, ethnicity, genetics, obesity, diet, bone density and bone mass, 

and joint-level factors such as bone morphology, muscle strength, joint alignment, occu-

pation, and sports activities, and joint injury were reported as risk factors for osteoarthri-

tis. The degeneration of the subtalar articular facet observed in the present study may thus 

have been induced by influences other than the joint structure of the subtalar joint. 

In the present study, among the ligamentous structures of the subtalar joint, only 

the footprint area of the ITCL showed significantly higher values in the Degeneration (+) 

group compared to the Degeneration (-) group for the subtalar joint facet. Previous studies 

have suggested that the CL, ITCL, and ACaL in the subtalar joint are each important for 

stability of the subtalar joint [12,15,16]. In addition, the main function of the ITCL has been 

considered to be connection of the talus and calcaneus and maintenance of the subtalar 

joint axis [26,27]. Furthermore, Jotoku et al. [16] considered that the size of the ligament 

may reflect the magnitude of mechanical demands. Therefore, unstable joints would be 

expected to show the adaptation of ligament structures to the mechanical loading. Based 

on such considerations, the footprint area of the ITCL may have been larger in the Degen-

eration (+) group for the subtalar articular facet due to the loading that caused malalign-

ment of the talus and calcaneus.  

Several limitations to this study need to be kept in mind. The first is that the life-

styles, medical history, and history of sprains for donors remained unknown. In previous 

studies, osteoarthritis has been reported to show many risk factors [25]. Thickening of the 

anterior talofibular ligament has also been shown to occur after a lateral ankle sprain [28]. 

We therefore cannot rule out the possibility that the lifetime contributions of donor life-

style, lower extremity alignment, medical history, and history of sprains may have caused 

changes in ligament structure and degeneration of the subtalar articular facet. Second, we 

did not include the calcaneofibular ligament or inferior extensor retinaculum in our study. 

The calcaneofibular ligament and inferior extensor retinaculum have been suggested as 

potentially important for stability of the subtalar joint [12,29,30]. However, the structure 

and function of the CL, ITCL, and ACaL in the subtalar joint have not been fully investi-

gated. We therefore prioritized evaluation of the CL, ITCL, and ACaL in this study. Future 

studies should include the calcaneofibular ligament and inferior extensor retinaculum to 

evaluate in detail the structures and functions of the subtalar joint. Third, this study was 

conducted only on Japanese fixed cadavers. In a previous study, the morphology of the 

subtalar articular facet has been shown to vary markedly between ethnicities [31]. Such 

differences may have similar effects on ligament structure. The fourth point is that no 

biomechanical studies were conducted. In the present study, we investigated the relation-

ship between joint and ligament structures of the subtalar joint and degeneration of the 

subtalar articular facet. Since ancient times, the relationship between morphology of the 

subtalar articular facet and degeneration of the subtalar articular facet has been reported 

along with the interpretation that the presence of degeneration of the subtalar articular 

facet indicates joint instability [8]. The same interpretation was used in the present study. 

However, the relationship between subtalar joint motion and variations in morphology of 

the subtalar articular facet, as well as detailed function of the ligaments of the subtalar 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 January 2023                   doi:10.20944/preprints202301.0158.v1

https://doi.org/10.20944/preprints202301.0158.v1


 

 

joint, are not yet clear. Detailed investigations using biomechanical methods are clearly 

needed. 

5. Conclusions 

In this study, no significant relationship was identified between joint structure and 

the presence of degeneration of the subtalar articular facet. In terms of ligament structure, 

only footprint area of the ITCL was significantly higher in the Degeneration (+) group than 

in the Degeneration (-) group of the subtalar joint facet. The present results suggest that 

the joint structure of the subtalar joint may not affect degeneration of the subtalar articular 

facet. In the ligament structure of the subtalar joint, the footprint area of the ITCL was 

significantly larger in the group with degeneration of the subtalar joint facet, suggesting 

that degeneration of the subtalar joint facet may be related to the size of the ITCL. Further 

studies using biomechanical methods are needed to clarify the relationship between sub-

talar joint motion and variations in subtalar articular facet morphology, as well as the de-

tailed functions of the ligaments of the subtalar joints. 
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