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Abstract

Literature describes different patterns of calcaneal facets for the talus in terms of whether

some calcaneal facets are connected or separated from each other or completely absent.

The aim of this study was to establish the patterns of calcaneal facets for the talus, to calcu-

late their total area, and to analyse the data with respect to gender. The study involved 59

calcanei which were photographed. The patterns of calcaneal facets noted in this study

were compared with the patterns from the literature. ImageJ program was used to measure

different parameters on calcanei. The pattern 1 was the most commonly found in the study

sample (45.76%), then the pattern 2 (40.68%), and finally the pattern 3 (13.56%). That order

of frequencies is the same in both sexes. The patterns 1 and 2 have a larger contact surface

for the talus in comparison to the pattern 3. Male bones have a larger contact surface for the

talus than female bones. The sum of the pattern 1 and pattern 3 frequencies was high.

Knowing the frequency of different patterns of calcaneal facets for the talus in a certain pop-

ulation is important for orthopaedic surgeons when performing foot osteotomy.

Introduction

The calcaneus is the largest bone of the skeleton of the foot. There are three calcaneal facets for

the talus on the upper side of the calcaneus: the anterior, middle, and posterior facet [1]. The

three calcaneal facets for the talus and the three talar facets for the calcaneus participate in the

construction of the talocalcaneonavicular joint and subtalar joint, and the stability of these

joints depends on the facet characteristics [2]. The back side of the calcaneus corresponds to

the tuber calcanei, through which most of the body weight is transferred to the surface [1].

Anterior, middle, and posterior calcaneal facets for the talus often exhibit variability in their

presence and position. Recent studies performed in different populations [3–5] describe a few

patterns of calcaneal facets for the talus in relation to whether one calcaneal facet is connected

to another calcaneal facet, separated, or completely missing. Some studies have shown that
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individuals with certain morphological variations of calcaneal facets for the talus have a greater

predisposition to the development of subtalar arthritis [3, 4]. In addition to that, in the biologi-

cal identification of a skeleton, the determination of sex is considered the most important step

[6]. The bones of pelvis and skull are most often examined for this purpose [7]. However, if

these bones are damaged or missing, sex can be determined based on the morphological char-

acteristics of the calcaneus [8–10], but it is still a matter of debate whether the key differences

between sexes include the presence, position, or average facets area of the calcaneus. Steele

(1976) calculated the average values of the parameters for determining the gender, and we use

them in our study as relevant [11].

The aims of the study were to determine the frequency of the patterns of calcaneal facets for

the talus in Serbian population, to calculate their total articular area, and finally, to analyze the

obtained data in relation to gender in order to potentially establish certain differences.

Materials and methods

The study was performed in accordance with the Declaration of Helsinki as the statement of

ethical principles for medical research. The research was approved by the Ethics Committee of

the Faculty of Medicine, the University of Novi Sad, Serbia, (the approval number: 01-39/269/

1; the date of approval: 29.12.2017), which is the institution that handles cadavers for research

and educational purposes. The persons were informed about future researches prior to their

body donation, and they accepted examinations in the form of a written consent. None of the

authors had access to patient data identifications. The study was conducted at the Faculty of

Medicine in Novi Sad and involved 59 dry human calcanei with well-preserved calcaneal facets

for the talus. The calcanei belonged to persons who resided in the Republic of Serbia, the Prov-

ince of Vojvodina. The calcanei were photographed by a digital camera (Canon EOS-1D X

Mark II).

Gender is established on the basis of the average values of five parameters that are com-

monly used for the purpose of determining calcanei:

1. Maximum length (maxl) is the distance between the most prominent point on the articular

surface for the cuboid bone (anteriorly) and the most prominent point on the tuber calcanei

(posteriorly) [11].

2. Minimum width (minw) is the shortest width projected through the body of the calcaneus.

It is most often measured in front of the tuber calcanei and back in relation to the posterior

facet for the talus [11].

3. Body height of calcaneus (bh) is measured from the lowest point on the tuber calcanei to

the highest point on the posterior facet for the talus [11].

4. Load arm length (lal) is the distance between the most prominent point on the articular sur-

face for the cuboid bone (anteriorly) and the most prominent point on the posterior facet

for the talus (posteriorly) [11].

5. Value lal/maxl: This parameter is determined by the quotient of the load arm length and

the maximum length [8].

The pattern of calcaneal facets for the talus was established by comparison with the patterns

from the literature [3, 5]. Different parameters for determining the sex and size of calcaneal

facets for the talus were measured using the ImageJ program (National Institute of Health,

USA, http://rsbweb.nih.gov/ij). All the photographs and measurements were performed by the

same person.
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All collected data were subsequently statistically processed using Statistical Package for

Social Sciences–SPSS 21, and the results are shown graphically. Student’s t test was used to

determine the difference between groups. Statistically significant difference was considered if

p<0.05.

Results

Of the total sample, 41 calcanei belonged to males (69.49%) and 18 to females (30.51%). There

were 34 right (57.63%) and 25 left bones (42.37%).

We have described several patterns of calcaneal facets for the talus:

The pattern 1: Anterior and middle facets are connected, while the posterior facet is sepa-

rated. This pattern was the most common in our sample and was observed in 27 bones. From

this number, the pattern 1a (Fig 1A), in which the anterior and middle facets were connected

with constriction, was present in 11 bones; the pattern 1b (Fig 1B), in which the anterior and

middle facets were connected without constriction, was established in 16 bones.

The pattern 2: All three facets are clearly separated. The pattern 2 was present in 24 bones.

From this number–the pattern 2a (Fig 2A), where the distance between the anterior and the

middle facets was less than 2 mm, was noted in 7 bones; the pattern 2b (Fig 2B), in which the

mentioned distance was between 2 mm and 5 mm, was observed in 10 bones; the pattern 2c

(Fig 2C), where the distance was greater than 5 mm, was also seen in 7 bones.

The pattern 3: There was no anterior facet, while the middle and posterior facets were sepa-

rated. The pattern 3 (Fig 3) was observed in 8 bones.

The frequency of patterns of calcaneal facets for the talus is shown in Fig 4.

In the male bones, the pattern 1 was represented with 18 bones (43.90%)–of which the pat-

tern 1a was in 7 bones and the pattern 1b in 11 bones, then the pattern 2 with 17 bones

(41.46%)–wherein the pattern 2a was in 4 bones, the pattern 2b in 7 bones, and the pattern 2c

in 6 bones, while the pattern 3 was present in 6 bones (14.63%). In the female bones, the most

common pattern, the pattern 1, was present in 9 bones (50.00%)–of which the pattern 1a was

in 4 bones and the pattern 1b in 5 bones, then the pattern 2 in 7 bones (38.89%)–wherein the

pattern 2a was in 3 bones, the pattern 2b in 3 bones, and the pattern 2c in 1 bone, and the pat-

tern 3 in 2 bones (11.11%).

Fig 1. Pattern 1 of calcaneal facets for the talus: (A) pattern 1a, (B) pattern 1b.

https://doi.org/10.1371/journal.pone.0240818.g001
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Fig 2. Pattern 2 of calcaneal facets for the talus: (A) pattern 2a, (B) pattern 2b, (C) pattern 2c.

https://doi.org/10.1371/journal.pone.0240818.g002

Fig 3. Pattern 3 of calcaneal facets for the talus.

https://doi.org/10.1371/journal.pone.0240818.g003
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Among the right bones, the most common was the pattern 2, present in 15 bones (44.12%).

The pattern 1 was observed in 14 bones (41.17%). The pattern 3 was the rarest, found in 5

bones (14.71%). Among the left bones, the pattern 1 was represented with 13 bones (52.00%),

followed by the pattern 2 with 9 bones (36.00%), while the pattern 3 was present in 3 bones

(12.00%).

The average values of the area of calcaneal facets for the talus were 862 mm2 for the pattern

1, 856 mm2 for the pattern 2, and 726 mm2 for the pattern 3. By comparing the total area of

the present calcaneal facets for the talus, we found that there was no statistically significant dif-

ference between the pattern 1 and the pattern 2 (t = 1.68, p>0.05). A statistically significant dif-

ference in the total area of the present calcaneal facets was established between the pattern 1

and the pattern 3 (t = 1.78, p<0.05), as well as between the pattern 2 and the pattern 3

(t = 1.77, p<0.05).

Analyzing the average values of the area of the calcaneal facets for the talus, it has been

found that the male calcanei had a significantly larger total articular surface for the talus (917

mm2) than the female calcanei (668 mm2). The difference in the area of calcaneal facets

between the genders was statistically significant (t = 1.67, p<0.05).

Discussion

The dominant pattern of calcaneal facets for the talus in our population is the pattern 1, while

the second most common is the pattern 2. This sequence of frequency of the most common

patterns of calcaneal facets for the talus is also present in the populations of India (the pattern

1–67%, the pattern 2–26%) [12], Egypt (the pattern 1–63%, the pattern 2–30%) [13], United

States (the pattern 1–54%, the pattern 2–27%) [14] and Pakistan (the pattern 1–63%, the pat-

tern 2–28%) [15].

Fig 4. The frequency of different patterns of calcaneal facets for the talus in our sample.

https://doi.org/10.1371/journal.pone.0240818.g004
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The results of our study do not show similarity to the data obtained for two western Euro-

pean countries where similar studies were conducted, and where there is a characteristic pat-

tern 2 dominance of the calcaneal facets for the talus. In a study of British authors [16], the

pattern 2 was present in 67% of the examined calcanei, while the pattern 1 was present in 33%

of the bones. A study in Belgium shows that the pattern 2 was present in 64% of calcanei and

the pattern 1 in 25% of bones [17]. However, it is possible that studies in the other populations

of eastern Europe, close to this research, would show similarity in the dominant pattern of the

calcaneal facets for the talus.

The rarely present pattern 3 occurs in our population with 8 calcanei (13.56%), while in the

studies in Britain [16] and Pakistan [15] this pattern does not appear at all.

In the sample of our study, we did not have calcanei with the pattern 4 of calcaneal facets

for the talus, in which all three calcaneal facets are connected in one, and the pattern 5, in

which the middle calcaneal facet is connected to the posterior facet, while the anterior calca-

neal facet is present and separated [18]. These two patterns occur extremely rarely in other

populations [12], or they are not present at all [3, 4]. The exception is a study in Pakistan

where the pattern 4 frequency is as much as 9% [15].

Analyzing the gender differences in the pattern of calcaneal facets for the talus in our sam-

ple, it can be noticed that males have the patterns 1 and 2 in the very approximate percentages,

while in females, there is the dominancy of the pattern 1. In both sexes, the patterns 1 and 2

are significantly more present than the pattern 3. For that very reason, there were no signifi-

cant differences in the position of calcaneal facets for the talus between sexes (the most com-

mon was the pattern 1, then the pattern 2, and finally the pattern 3). A more comprehensive

comparison of men and women in terms of possible differences in the frequency of calcaneal

facets patterns could be performed if we had a higher number of female bones, but, in our

study, there were only 18 such bones.

By comparing the average values of the area of the calcaneal facets for the talus between the

patterns 1, 2, and 3 present in the sample, it is noted that the pattern 1 and the pattern 2 have a

very similar overall area, while the pattern 3 has a smaller area than the other two patterns. The

reason for this difference is probably in the absence of the anterior calcaneal facet in the pat-

tern 3.

When considering the differences in the overall average area of the calcaneal facets for the

talus between the genders, it can be seen that the males have a larger area of articular facets

than the females for approximately one third, which was expected to be determined, since the

parameters for determining the sex on the male calcanei were higher than the same parameters

in females. Searching the literature, we did not find a study that examines gender differences

in relation to the patterns and average area of calcaneal facets for the talus.

In the literature, we have found that people with the pattern 2 of calcaneal facets for the

talus have a lower predisposition for the development of subtalar arthritis than those with

other patterns of calcaneal facets for the talus [3]. In the pattern 2, the three separated calcaneal

facets form an "osseous tripod" for the talus, especially for the head of the bone, and, in this

way, more effectively prevent movements that can lead to trauma and subsequent development

of osteoarthritis [19]. This signifies that people with other patterns of calcaneal facets for the

talus are more susceptible to develop subtalar arthritis (such as the pattern 1 and the pattern 3

in our sample). On the other hand, the total area of calcaneal facets for the talus is another

important factor that affects the stability of the joint, and the pattern of calcaneal facets for the

talus with the smallest overall articular area is, at the same time, the most unstable [5].

It is appropriate to mention the accessory anterolateral talar facet which articulates with the

calcaneus and which also has clinical implications. Aydıngöz et al. [20] in their MRI study

found this variation was present in 32.7% of patients with ankle pain and in 26% of volunteers
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without it. Accessory anterolateral talar facet may contribute to painful talocalcaneal impinge-

ment in persons with pes planus [20].

Knowing the frequency of different patterns of calcaneal facets for the talus in a certain pop-

ulation is particularly important for orthopaedic surgeons when performing osteotomy and the

bone graft interposition in the correction of pes planus [4, 21]. In this procedure, it is important

to determine the distance between the anterior and middle calcaneal facets for the purpose of

positioning the retractor into the right position, because the osteotomy line usually goes

through an equal distance between these facets [22]. This technique is suitable for patients with

the pattern 2 and the pattern 3 of calcaneal facets for the talus, because of separated or absent

facets. Contrary to that, when surgeons treat a patient with the pattern 1 (with connected ante-

rior and middle facets), a suitable modification of osteotomy may be required [3, 23]. When

subtalar implants or protheses are considered as a treatment option for a patient, 3D modeling

with the use of imaging (generally in the form of computed tomography) is usually employed

and it gives personalized characteristics for the best modeling or selection of an implant.

The limitation of this study relates to a smaller sample of bones, in particular females. The

next study could be extended by increasing the number of bones. In addition, we did not have

the data on the identity of the bones, and, therefore, we could not interpret any differences in

the pattern of calcaneal facets between the two calcanei of the same person. Because anatomic

construction of the calcaneal articular facets influences the biomechanics of the foot, further

investigations into this topic are needed in order to improve the knowledge about calcaneal

articular facets variations in different populations.

Conclusions

The pattern 1 was the most common in the study sample, followed by the pattern 2, and the

pattern 3. That order of frequencies is the same in both sexes. The sum of the pattern 1 and the

pattern 3 frequencies (59.32%) in this study was high. In addition to that, the patterns 1 and 2

have a larger contact surface for the talus compared to the pattern 3. Additionally, male bones

have a larger contact surface for the talus than female bones. Knowing the frequency of differ-

ent patterns of calcaneal facets for the talus in a certain population is particularly important for

orthopaedic surgeons when performing osteotomy.
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Formal analysis: Nikola Vučinić, Gordana Teofilovski-Parapid, Mirela Erić, Dragana Rado-
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Project administration: Nikola Vučinić, Gordana Teofilovski-Parapid, Mirela Erić, R. Shane

Tubbs.

Resources: Nikola Vučinić, Bojana Jovančević.

Software: Nikola Vučinić, Mirela Erić, Dragana Radošević, Bojana Jovančević.
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Validation: Nikola Vučinić, Gordana Teofilovski-Parapid, Mirela Erić, R. Shane Tubbs.

Visualization: Nikola Vučinić, Gordana Teofilovski-Parapid, Mirela Erić, R. Shane Tubbs.

Writing – original draft: Nikola Vučinić, Bojana Jovančević.

Writing – review & editing: Nikola Vučinić, Gordana Teofilovski-Parapid, Mirela Erić, R.

Shane Tubbs.

References

1. Standring S. Gray’s anatomy. 39th ed. Edinburgh: Elsevier Churchill Livingstone; 2005.

2. Snell R. Clinical anatomy by regions. 9th ed. Baltimore: Lippincott Williams & Wilkins; 2012.

3. Muthukumaravel N, Ravichandran D, Melani Rajendran S. Human Calcaneal Facets for the Talus: Pat-

terns and Clinical Implications. J Clin Diag Res. 2011; 5(4):791–794.

4. Garg R, Dagal N, Kumar S, Shekhawat S. Study of patterns of talar articular facets of human calcanei

and their clinical implications in population of Rajasthan. Int J App Basic Med Res. 2013; 2:643–650.

5. Shweta JP, Rashvaita KP, Krunal RC, Meenakshi B. Patterns of talar articular facets on calcaneum and

its clinical implication. Int J Anat Physiol. 2013; 2(4):23–26.

6. Gualdi-Russo E. Sex determination for the talus and calcaneus measurements. Forensic Sci Int. 2007;

171:151–156. https://doi.org/10.1016/j.forsciint.2006.10.014 PMID: 17141438

7. Dayal MR, Spocter MA, Bidmos MA. An assessment of sex using the skull of black South Africans by

discriminant function analysis. HOMO: J Comp Hum Biol. 2009; 59:209–221.

8. Kim DI, Kim YS, Lee UY, Han SH. Sex determination from calcaneus in Korean using discriminant anal-

ysis. Forensic Sci Int. 2013; 228(1–3):177. https://doi.org/10.1016/j.forsciint.2013.03.012 PMID:

23567446

9. Best A, Holt B, Troy KL, Hamill J. Correction: Trabecular bone in the calcaneus of runners. PLoS ONE.

2017; 12(12):e0190553. https://doi.org/10.1371/journal.pone.0190553 PMID: 29281740

10. Nozaki S, Watanabe K, Kamiya T, Katayose M, Ogihara N. Three-Dimensional Morphological Varia-

tions of the Human Calcaneus Investigated Using Geometric Morphometrics. Clin Anat. 2019. https://

doi.org/10.1002/ca.23501 PMID: 31606898

11. Steele DG. The Estimation of Sex on the Basis of the Talus and Calcaneus. Am J Phys Anthrop. 1976;

45:581–588. https://doi.org/10.1002/ajpa.1330450323 PMID: 998755

12. Gupta SC, Gupta CD, Arora AK. Pattern of the talar articular facets in Indian calcanei. J Anat. 1977; 124

(3):651–655. PMID: 604335

13. Saadeh FA, Fuad AH, Mahmoud SMI, Marwan EE. Patterns of the talar articular facets of Egyptian cal-

canei. JASI. 2000; 49(1):6–8.

14. Francine DV. Arthritis of the subtalar joint associated with sustentaculum tali facet configuration. Anat.

1993; 183:631–634.

15. Tahir M, Khalid S, Qadir I. Racial Polymorphism in Talar Articular Facets of Calcaneum. Proceeding S.

Z.P.G.M.I. 2008; 22(2):91–94.

16. Bunning PSC, Barnett CHA. Comparison of adult and foetal talocalcaneal articulations. J Anat. 1965;

99(1):71–76. PMID: 14245347

17. Barbarix E, Roy PV, Clarys JP. Variations of anatomical elements contributing to subtalar joint stability:

intrinsic risk factors for post-traumatic lateral instability of the ankle. Ergonomics. 2000; 43(10):1718–

1725. https://doi.org/10.1080/001401300750004122 PMID: 11083150

18. Ukoha Ukoha U, Izuchukwu Feechukwu O, Onuoha C. Study of the morphologic and morphometric pat-

terns of talar articular facets on dry adult calcaneal bones in South- Eastern Nigerian population. Rev

Argent Anat online. 2017; 8(1):29–39.

19. Bruckner J. Variations in the human subtalar joint. J Orthop Sports Phys Ther. 1987; 8:489–494. https://

doi.org/10.2519/jospt.1987.8.10.489 PMID: 18797028
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