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Background: The subtalar joint, formed primarily by the talar facets on the calcaneum, is critical for foot biomechanics, providing stability, 

mobility, and shock absorption. Morphological variations of these facets—anterior, middle, and posterior—can influence subtalar joint function, 

predispose to instability, and have clinical implications in orthopedic surgery. The objective is to observe and classify the patterns of talar facets 

in adult human calcanei from the Uttar Pradesh population, assess their distribution, and evaluate potential functional and clinical significance. 

Material and Methods: Ninety adult dry calcanei from both sexes were examined in the Department of Anatomy, UPUMS, Saifai. Bones with 

deformities, fractures, or pathological changes were excluded. Facet patterns were observed visually, and inter-facet distances were measured 

using a sliding vernier caliper. Specimens were classified into five types: Type I (anterior and middle fused), Type II (anterior and middle 

separate), Type III (anterior absent), Type IV (all fused), and Type V (middle and posterior fused). Frequencies were analyzed and compared 

with existing literature. Results: Type I was the most common configuration, observed in 66.66% of calcanei (right: 15.55%, left: 51.11%), 

followed by Type II in 24.44% (right: 14.44%, left: 10%). Type II subtypes showed variability in inter-facet distances. Type III and IV were 

rare (6.66% and 2.22%, respectively), while Type V was absent. Statistically significant side-to-side differences were observed (p = 0.0004), 

indicating asymmetry in calcaneal facet morphology. Conclusion: The anterior-middle fused configuration (Type I) predominates in this 

population, with minor representation of other types. Knowledge of these variations is clinically relevant for orthopedic surgery, radiological 

interpretation, and biomechanical assessment of the subtalar joint. Awareness of population-specific anatomical patterns can enhance surgical 

planning, prosthetic design, and understanding of foot biomechanics. 
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INTRODUCTION  

The subtalar joint, formed primarily between the talar facets 

on the calcaneum and the inferior surface of the talus, plays 

a vital role in foot biomechanics, contributing to stability, 

mobility, and shock absorption during weight-bearing 

activities.[1]  

The anatomical configuration of these talar facets — 

typically comprising the anterior, middle, and posterior 

facets—varies significantly among individuals and 

populations, with important clinical implications.[2,3] 

Understanding the morphological variations in talar facets is 

essential for orthopedic surgeons, podiatrists, physical 

therapists, and radiologists, especially when addressing 

conditions such as subtalar joint instability, calcaneal 

fractures, arthritis, and planning reconstructive or arthrodesis 

surgeries.[4,5] These variations can alter joint congruency and 

load transmission, influencing foot alignment and gait 

mechanics. 

Several classification systems have described distinct 

patterns of talar facet morphology on the calcaneum. In the 

present study, five patterns are considered: 

• Type I: Anterior and middle facets fused 

• Type II: Anterior and middle facets separate 

• Type III: Anterior facet absent 

• Type IV: All three facets fused (anterior, middle, posterior) 

• Type V: Middle and posterior facets fused 

Studies have shown that two-facet configurations (e.g., fused 

facets) may offer greater subtalar joint stability compared to 

configurations with three distinct facets.[6] Conversely, facet 

arrangements with less congruency may predispose individuals 

to joint instability, increasing susceptibility to trauma, 

biomechanical imbalance, and subsequent degenerative changes 
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such as osteoarthritis.[7,8] 

Furthermore, geographical and ethnic differences play a role 

in the prevalence of facet types, underscoring the need for 

regional anatomical data to guide clinical decision-making.[9] 

This observational study focuses on the calcanei from 

cadaveric specimens collected in Uttar Pradesh (UP), India, 

aiming to evaluate the distribution of talar facet types, assess 

their potential functional and clinical implications, and 

support surgical planning based on regional anatomical 

variation. 

 

MATERIALS AND METHODS 

Study Setting and Sample Size 

The present study was conducted in the Department of 

Anatomy, Uttar Pradesh University of Medical Sciences 

(UPUMS), Saifai, Etawah, Uttar Pradesh. A total of ninety 

ossified adult calcanei were collected and studied, including 

specimens from both male and female cadavers. All 

specimens were carefully examined to ensure they were free 

from pathological changes, deformities, fractures, or any 

congenital anomalies, to maintain uniformity and reliability 

of the data. 

Inclusion Criteria 

• Adult human dry calcanei obtained from the osteology 

collection of the department. 

• Bones with well-preserved and clearly distinguishable 

anterior, middle, and posterior articular facets. 

• Both right and left-sided calcanei, irrespective of sex. 

• Specimens showing no signs of deformity or damage. 

Exclusion Criteria 

• Calcanei that were broken, eroded, or showed postmortem 

damage affecting the articular surfaces. 

• Bones with congenital anomalies, pathological deformities, 

or evidence of fractures. 

• Immature or pediatric bones identified by smaller size and 

incomplete ossification. 

Method of Observation and Measurement 

The pattern of articulating facets on each calcaneus was observed 

visually with the naked eye for both the right and left sides. 

Special attention was given to the posterior, middle, and anterior 

facets, noting their number, shape, and configuration. To ensure 

precision in morphometric data, a sliding vernier caliper was 

employed to measure the inter-facet distances, including 

distances between anterior, middle, and posterior facets. Each 

measurement was taken twice, and the mean values were 

calculated to minimize errors and increase accuracy. 

Classification and Data Analysis 

After completing all observations and measurements, the types 

of calcaneal facet patterns were classified according to 

established criteria from previous anatomical studies. The 

frequency and distribution of each type were recorded and 

subsequently compared with data reported in available 

international and national literature. This comparison helped in 

identifying variations and patterns specific to the studied 

population, providing insights into anatomical diversity and 

potential clinical significance, particularly for orthopedic 

surgeries, radiological interpretation, and biomechanical 

assessments of the subtalar joint. 

 

RESULTS 

 

Table 1: Distribution of Different Patterns of Calcanear Articulat Facet On the Talar Surface of Calacanei 

Types of pattern of calcaneal facets Numbers of 

bones 

% Right calcaneum facet Left calcaneum facet 

Total Number % Total number % 

Type I (Anterior and Middle fused 60 66.66% 14 15.55% 46 51.11% 

Type II (Anterior and Middle facet separate 22 24.44% 13 14.44% 9 10% 

Type III (Anterior facet absent) 6 6.66% 5 5.55% 1 1.11% 

Type IV (Anterior, Middle and Posterior facet fused) 2 2.22% 2 2.22% 0 0% 

Type V (Middle and Posterior facet fused) 0 O% 0 0% 0 0% 

 

The present study analysed ninety adult calcanei from both 

sexes to observe the patterns of articular facets. Five distinct 

types of calcaneal facet configurations were identified, and 

their distribution was carefully recorded for both the right 

and left sides. 

1. Type I (Anterior and Middle facets fused): This pattern 

was the most common, observed in 66.66% of all 

calcanei. On the right side, it accounted for 15.55%, 

whereas it was more prevalent on the left side, 

constituting 51.11%. The predominance of Type I 

suggests that fusion of anterior and middle facets is a 

common anatomical variation in this population, which 

may have implications for subtalar joint stability and 

surgicalplanning. 

2. Type II (Anterior and Middle facets separate): Present in 

24.44% of specimens, with 14.44% on the right side and 

10% on the left. To further characterize the variability, 

Type II was divided into three subtypes based on the 

inter-facet distance: 

a) Subtype a: Separation of less than 5 mm, observed in 72 

bones, indicating that minor separation is the most 

common variant within Type II. 

b) Subtype b: Separation of 5–10 mm, seen in 13 bones, 

representing a moderate degree of separation. 

c) Subtype c: Separation of more than 10 mm, present in 5 

bones, representing a rare but significant anatomical 

variation. 

These subtypes highlight the wide variability in anterior-middle 

facet separation, which is important for orthopedic and 

radiological assessments, as even small differences in facet 

spacing may affect joint biomechanics. 

3. Type III (Anterior facet absent): Observed in 6.66% of the 

calcanei, with a higher incidence on the right (5.55%) than on 

the left (1.11%). This rare variation indicates absence of the 

anterior facet and may influence subtalar motion and 

susceptibility to certain injuries. 
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4. Type IV (Anterior, Middle, and Posterior facets fused): 

This configuration was extremely rare, found in only 

2.22% of specimens, exclusively on the right side, and 

absent on the left. Complete fusion of all three facets may 

reduce subtalar joint mobility, which could be clinically 

significant in foot biomechanics and surgical 

interventions. 

5. Type V (Middle and Posterior facets fused): This pattern 

was not observed in any specimen, suggesting that fusion 

of the middle and posterior facets is an uncommon 

anatomical variant in this population. 

The statistical analysis demonstrated a highly significant 

difference in the distribution of calcaneal facet patterns 

between the right and left sides (p = 0.0004). This asymmetry 

suggests that calcaneal facet morphology is not bilaterally 

identical in all individuals, highlighting the inherent 

anatomical variability in the subtalar joint.  

Overall, the data demonstrate that Type I is the most 

prevalent pattern, followed by Type II and Type III, while 

Types IV and V are rare or absent. The detailed assessment 

of Type II subtypes provides additional insight into the range 

of anatomical variability, which can guide radiologists, 

orthopedic surgeons, and anatomists in understanding normal 

and variant calcaneal morphology.  

These findings also provide a basis for comparison with other 

populations, highlighting ethnic and regional differences in 

facet patterns. Importantly, the significant side-to-side 

differences observed in our study indicate that reliance on 

contralateral imaging for preoperative planning may not 

always represent the true configuration of the affected side. 

Variations in facet arrangement influence subtalar joint 

stability, load distribution, and range of motion, thereby 

impacting outcomes of procedures such as subtalar 

arthrodesis, calcaneal fracture fixation, and corrective 

osteotomies. This underscores the need for individualized 

assessment through imaging and emphasizes the importance 

of regional anatomical data in surgical planning. 

 

 
Figure 1: Anterior and Middle fused 

 
Figure 2: Anterior and Middle facet separate 

 

 
Figure 3: Anterior facet absent 
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Figure 4: Anterior, Middle and Posterior facet fused 

 

DISCUSSION 

In the present study, Type I configuration, where the anterior 

and middle calcaneal facets are fused, was the most 

commonly observed pattern (66.66%). This closely matches 

the findings of Kaur et al. (2012),[10] who reported a 66.3% 

prevalence of the same type in their study on 300 calcanei. 

Type II (anterior and middle separate) was the second most 

common in our study (24.44%), which also aligns with Kaur 

et al.’s data (26.7%). Regarding the rarer types, our study 

showed 6.66% for Type III, 2.22% for Type IV, and absence 

of Type V, compared to Kaur et al.’s 2%, 3%, and 2% 

respectively. The similarities suggest a strong agreement 

between both studies, though minor variations, especially in 

Type III and V, could be due to population or sample size 

differences. 

When compared with Jha et al. (2013),[11] who conducted a 

study on 100 calcanei, the current findings are largely 

consistent. Jha et al. reported Type I as the most common 

configuration (65%), which is nearly identical to our 

observation of 66.66%. Type II was noted in 23% of their 

specimens, closely corresponding with the 24.44% found in 

our study. In terms of less common types, our study recorded 

6.66% for Type III and 2.22% for Type IV, whereas Jha et 

al. collectively reported approximately 12% for Types III–V, 

though specific percentages were not detailed. Notably, 

neither study observed a significant incidence of Type V. 

These similarities reinforce the general distribution trend of 

calcaneal facet patterns in the Indian population. 

The findings of our study also show considerable 

resemblance to those reported by Singh et al. (2014),[12] who 

studied 200 calcanei. They found Type I in 60% of cases, 

slightly lower than our 66.66%, while Type II accounted for 

30%, slightly higher than our 24.44%. Singh et al. observed 

Type III in 5% and Types IV and V in 2.5% each. Comparatively, 

our study showed a slightly higher percentage of Type III 

(6.66%) and Type IV (2.22%), with Type V being absent. 

Overall, the distribution trend is similar, supporting the 

predominance of Type I and the relative rarity of other types, 

with minor differences likely due to inter-population variability. 

In contrast to our study, Muthukumar et al,[13] (2016) found Type 

II to be the most common pattern (54%) in their analysis of 150 

bones, followed by Type I (36%). This distribution is notably 

different from our findings, where Type I was dominant 

(66.66%) and Type II was less frequent (24.44%). Our study 

reported 6.66% for Type III and 2.22% for Type IV, while 

Muthukumar et al. reported 6%, 2%, and 2% for Types III, IV, 

and V respectively. The reversal in the most common type 

suggests potential regional or genetic variation, indicating that 

facet morphology might not be universally consistent across 

different Indian populations. 

Agarwal et al,[14] (2017) observed a distribution pattern that 

aligns closely with our findings. In their study of 100 calcanei, 

they found Type I in 62% of bones, which is similar to our 

66.66%. Type II accounted for 30%, slightly higher than our 

24.44%. Type III and IV were found in 5% and 2% of their 

specimens, respectively, while Type V was seen in 1%. Our 

study reported similar values for Type III (6.66%) and Type IV 

(2.22%), but no cases of Type V were observed. The close match 

in the frequencies of Types I–IV further supports a general 

anatomical pattern across studies, with the variation in Type V 

potentially due to smaller sample size or population differences. 

Yadav et al,[15] (2019) reported Type I as the most prevalent 

(68%), which is consistent with our finding of 66.66%. They 

observed Type II in 22% of their cases, which also aligns well 

with our 24.44%. For the less frequent types, they found Type III 

in 6%, and Types IV and V each in 2%, while our study showed 

similar results for Type III (6.66%) and Type IV (2.22%), but no 

instance of Type V. The similarities in percentage distribution 

across both studies highlight a shared anatomical pattern in the 

Indian population and further validate the predominance of Type 

I calcaneal facet configuration. 

In our study, Type I calcaneal facet configuration (anterior and 

middle facets fused) was the most frequent, found in 66.66% of 

cases. This is slightly higher than the findings reported by Pratap 

et al,[16] who observed Type I in 60% of their sample. Type II was 

found in 24.44% of our cases, which is somewhat lower than 

Pratap et al.’s report of 30%. For the less common  

types, our study recorded Type III in 6.66%, Type IV in 2.22%, 

and no cases of Type V, whereas Pratap et al. documented Type 

III in 5%, Type IV in 3%, and Type V in 2%. Although there is 

general agreement in the pattern distribution, the absence of Type 

V in our sample and the slightly higher Type I percentage may 

reflect differences in the studied populations or sample size. 

The current study’s findings also show similarity with those of 

Garg et al., who reported Type I as the most predominant 

configuration at 65%, closely comparable to our 66.66%. Garg et 

al. found Type II in 25% of specimens, which nearly matches our 

24.44%. Regarding the less frequent types, Garg et al,[17] 

documented 5% for Type III, 3% for Type IV, and 2% for Type 

V, whereas our study found 6.66% for Type III, 2.22% for Type 

IV, and no incidence of Type V. The pattern suggests a consistent 

dominance of Type I across both studies, with slight variations in 
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the rare types, possibly attributable to ethnic, regional, or 

environmental factors. 

 

CONCLUSION 

The present study highlights that the most common calcaneal 

facet configuration in the studied population was Type I, 

where the anterior and middle facets are fused. The 

distribution of other types showed minor variations, 

reinforcing the anatomical diversity among individuals. 

Knowledge of these variations holds substantial clinical 

relevance. The configuration of the calcaneal facets plays a 

critical role in the stability and movement of the subtalar 

joint, and understanding these patterns can assist orthopedic 

surgeons during surgical procedures like subtalar arthrodesis, 

calcaneal fracture fixation, and corrective osteotomies. It also 

aids radiologists in accurate interpretation of imaging and 

helps biomechanical engineers in the design of foot 

prostheses and orthotics. Therefore, awareness of these facet 

patterns is essential for improving surgical outcomes and 

understanding the functional biomechanics of the foot. 

Limitations: The present study was conducted on a limited 

sample size of ninety dry adult calcanei from an osteology 

collection, which may not fully represent the broader 

population. The sex and age of the specimens could not be 

confirmed, potentially limiting the scope of demographic 

correlations. Since only dry bones were studied, soft tissue 

relationships and dynamic functional aspects of the subtalar 

joint could not be assessed. Additionally, the study was 

restricted to a single institution, which may introduce 

regional bias. Future studies with larger, demographically 

diverse samples and radiological correlation are 

recommended for more comprehensive anatomical and 

clinical insights. 
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