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Abstract

Original Article

Introduction

The talus is the bone of the ankle which forms the ankle joint 
and joins the foot with the leg. It has three parts – head, neck, 
and body. The head lies distally and inferomedially. Its distal 
surface is convex and articulates with navicular bone. The 
plantar surface of the head has three articular facets. There is 
a deep sulcus present on the planter aspect of the neck on its 
medial side, known as sulcus tali, which articulates with the 
sulcus calcanei to forms the roof of sinus tarsi. The long axis 
of the neck forms an angle of 150° with that of the body. At 
birth, it was 130°–140°.[1]

The body of the talus is cuboidal in shape. Dorsally, it has 
a trochlear surface, which articulates with the distal end 
of the tibia. It is convex anteroposteriorly, gently concave 

transversally, and widest anteriorly and, therefore seller. The 
lateral surface is triangular, smooth, and vertically concave for 
articulation with the lateral malleolus. Superiorly, it continuous 
with the trochlear surface, and inferiorly, its apex forms a lateral 
process. The medial comma‑shaped articular facet is deeper in 
front and articulates with the medial malleolus of the tibia. The 
small posterior surface is having rough projection known as the 
posterior process. It is marked by an oblique groove between 
two tubercles, which lodges the tendon of flexor hallucis longus. 
The lateral tubercle is usually larger, and the medial tubercle 
is less prominent and immediately behind the sustentaculum 
tali. The medial edge of the trochlear surface is straight, but 
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its lateral edge inclines medially on its posterior part, and is 
often broadened into a small elongated triangular area that is in 
contact with the posterior tibiofibular ligament in dorsiflexion.[1]

The trochlear surface, medial, and lateral articular surface of the 
talus articulate with the lower end of the tibia, medial malleolus, 
and lateral malleolus, respectively, to form the talocrural 
joint (ankle joint). Nowadays, joint reconstructive surgeries and 
joint replacement surgeries are more trending. Hence, in view of 
the ankle joints, the knowledge of morphometric parameters of 
the articular surface of the talus is important for reconstructive 
surgeries of the ankle as well as for choosing the right size of 
talus prosthesis. Hence, the present study aimed to measure the 
various parameters of the trochlear, lateral, and medial articular 
surface of dry human talus bones, compare the values of the 
right and left sides, and discuss its clinical significance. As 
radiological morphometric measurement may not be accurate 
due to soft‑tissue shadow or angle of radiological exposure, so 
the present study was carried out on dry human talus available 
in the Museum of the Anatomy department.

Materials and Methods

After taking Institutional Ethical Clearance  ((IEC/IRB 
No. IEC/11/2020), the present cross‑sectional study was 
carried out in the museum of the Department of Anatomy of 
Rohilkhand Medical College and Hospital in North India from 
September to December 2020. The sample size was calculated 
as 55 with reference to the study of Shishirkumar et  al.[2] 
with a standard deviation of 3.01, with a 95% confidence 
interval (Z = 1.96), and a precision of 10%. Various parameters 
of the trochlear (superior), medial, and lateral articular surface 
of the talus were measured with the digital Vernier caliper (with 
the least count of 0.01 mm). Sixty‑six dry human tali were 
measured, after excluding the damaged bones and bones with 
pathological changes. Each parameter was measured by two 
observers on different occasions, and mean values for each 
measurement were taken.

The following morphometric parameters of the articular 
surface of the talus were measured:

Trochlear surface
(A) Anteroposterior distance (mm) – measured as – trochlear 
medial anteroposterior distance (TM‑APD), trochlear central 
anteroposterior diameter  (TC‑APD), and trochlear lateral 
anteroposterior distance  (TL‑APD)  [Figure  1].  (B) Width 
of trochlear surface  (mm) taken as  –  trochlear anterior 
width (TA‑Width), trochlear central width (TC‑Width), and 
trochlear posterior width (TP‑Width) [Figure 2].[3]

Lateral articular surface
(A) Lateral central height (LC‑Height) of facet and (B) Lateral 
central width (LC‑Width) of facet [Figure 3].[3]

Medial articular surface
It was measured for – (A) Medial central height (MC‑Height) 
and (B) Medial central width (MC‑Width) [Figure 4].[3]

Statistical analysis
The collected data were tabulated in Microsoft excel 
worksheet and analysis was performed using software SPSS 
version 22 (IBM Corp., Armonk, NY, USA). All data were 
expressed in mean, minimum, maximum values, and standard 
deviation. Student’s t-test was applied to know any significant 
difference present between the mean morphometric values 
of right and left side talus and p-value <0.05 was taken as 
significant.

Results

Morphometry of the trochlear, medial, and lateral articular 
surface of the talus was done on a total of 66 talus (33 of the 
right side and 33 of the left side). Mean trochlear anteroposterior 
length (T‑APD) was measured as 29.42 ± 3.27 mm (TM‑APD), 
30.68 ± 2.62 mm (TC‑APD), and 30.74 ± 2.91 mm (TL‑APD). Mean 
transverse width (T‑Width) was 25.65 ± 2.54 mm (TA‑Width), 
24.72 ± 2.33 mm (TC‑Width), and 21.38 ± 2.76 mm (TP‑Width). 
The mean central height  (LC‑Height) and central 
width (LC‑Width) of the lateral articular surface for fibula were 
23.34 ± 2.14 mm and 19.43 ± 2.46 mm, respectively. The mean 
central height (MC‑Height) and central width (MC‑Width) of 
the medial articular surface for the tibia were 13.08 ± 1.84 mm 
and 27.14 ± 2.59 mm, respectively  [Table 1]. The value of 
both right and left sides was compared with t‑test, and no 
significant difference was found except for the value of central 
height and central width of the medial articular surface of 
talus (P < 0.05) [Table 2].

Discussion

Knowledge of morphometric values of articular facets of the 
talus is important and helpful to arthroplasty surgeries of the 
ankle. In the present study, there was no significant statistical 
difference between the value of medial, central, and lateral 
APD of the trochlear surface of the right and left side talus 

Figure 1: Left talus‑superior view, morphometric parameters of trochlear 
surface, TM‑APD: Trochlear medial Anteroposterior Distance, TC‑APD: 
Trochlear central anteroposterior distance, TL‑APD = Trochlear lateral 
anteroposterior distance, A: Anterior, P: Posterior, M: Medial, L: Lateral
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(three‑dimensional‑CT scan) done in America reported higher 
values for transverse width of trochlear surface,[12] whereas in 
Malaysian radiological study (2D‑CT scan),[11] they reported 
smaller values for the same.

In the present study, there was no statistically significant 
difference between the mean values of LC‑Height and 
LC‑Width (Fibular facet) of the right and left talus [Table 2]. 
Many authors[2,3,7] reported similar values for LC‑Height and 
LC‑Width as the present study, whereas Ilgaz and Ulkir[6] 
reported higher values. Garg et  al.,[9] Naqshi et  al.,[10] and 
Koshy et  al.[13] reported similar values for LC‑Height, but 
higher values for LC‑Width [Table 4].

In the present study, mean values of MC‑Height and 
MC‑Width (Facet for medial malleolus) of right‑side talus were 
12.19 ± 1.33 mm and 27.80 ± 2.5 mm, and of left side values 
were 13.97 ± 1.88 mm and 26.48 ± 2.53 mm, respectively. 
Statistical significant difference was present between the 

[Table 2]. Values for trochlear APD, reported by Sakaue[4] in 
Japanese talus, Lee et al.,[5] in Korean, Ilgaz and Ülkir[6] in 
Turkish talus, and by many Indian authors[3,7‑10] were similar 
to values of the present study, whereas Shishirkumar et al.[2] 
reported higher values for trochlear APD in dry talus bone and 
Daud et al.[11] reported higher APD values in radiological study 
(two‑dimensional computed tomography [2D CT] scan) in the 
Malaysian population [Table 3].

In the present study, mean values of the anterior, central, and 
posterior width of the trochlear surface of the talus of the right 
side and left side were almost similar, and statistically, there 
was no significant difference [Table 2]. Values of TA‑Width 
and TC‑Width of the present study were similar to the values 
reported by Garg et al.,[9] and smaller than the values reported 
by many other authors.[2‑8,10] The mean values of TP‑Width 
of the present study were almost similar to the values 
reported by many studies[2,3,6‑10] [Table 3]. Radiological study 

Table 1: Morphometric values of trochlear, lateral, and medial articular surfaces of talus

Morphometric parameters (n=66) Minimum (mm) Maximum (mm) Mean±SD (mm)
Trochlear surface

TM‑APD 23.73 39.94 29.4214±3.27162
TC‑APD 24.66 36.88 30.6765±2.62250
TL‑APD 24.81 38.26 30.7400±2.91178
TA‑Width 20.32 30.79 25.6459±2.54447
TC‑Width 18.67 29.92 24.7183±2.33001
TP‑Width 15.90 28.52 21.3789±2.76405

Lateral articular surface
LC‑Height 18.67 29.85 23.3358±2.13838
LC‑Width 14.21 26.74 19.4274±2.46010

Medial articular surface
MC‑Height 9.92 17.25 13.0842±1.84389
MC‑Width 20.00 35.42 27.1423±2.58854

TM: Trochlear medial, TC: Trochlear central, TL: Trochlear lateral, APD: Anteroposterior distance, LC: Lateral central, MC: Medial central, SD: Standard 
deviation, TA: Trochlear anterior, TP: Trochlear posterior

Figure 2: Left talus‑superior view, morphometric parameters of trochlear 
surface, TA‑Width: Trochlear anterior width, TC‑Width: Trochlear central 
width and TP‑Width: Trochlear posterior width, A: Anterior, P0: Posterior, 
M: Medial, L: Lateral

Figure  3: Left talus‑lateral view: Morphometric parameters of 
lateral articular surface. LC‑Height: Lateral central height, LC‑Width: Lateral 
central width, A: Anterior, P: Posterior, S: Superior, I: Inferior
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values of height of the talus of both side and width of the 
talus of both the side (p value <0.05)  [Table 2]. Values for 
the medial articular facet reported by the present study were 
almost similar to the values reported by many authors,[2,3,6,7,9,10] 
whereas Koshy et al.[13] reported higher values for MC‑Height 
and smaller values for MC‑Width [Table 4].

The difference seen in the mean of morphometric values of the 
present study with other studies can be due to racial, regional, 
cultural, environmental, genetic, or geographical differences.

Angthong et  al.[14] conducted a cadaveric study on talus in 
Thailand and concluded that morphometric parameters of 
opposite talus in same individual may not be used as a single 
reference to reconstruct or choosing the size of talar implant 
or customized total ankle replacement.

Conclusion

In the present study, statistically, there was no significant 

difference found between the values of the right and left sides 
of various measured parameters of the trochlear, medial, and 
lateral articular surface of the talus except the central height and 
central width of the medial articular surface. Where the P < 0.05. 
The central height of the medial articular surface was higher on 
the left side, and the central width was higher on the right side.

The inappropriate size of the talar implant may lead to 
pathological or mechanical problems to the joint. As Yurttas 
et al.,[15] in the Turkish population, conducted a study to know 
the relation between ankle morphology and the development 
of talus osteochondritis dissecans (OCD) using high‑resolution 
magnetic resonance imaging and found that out of five 
selected parameters for investigation, intermalleolar width, 
and trochlear length were significantly higher in the OCD 
groups compared to healthy volunteers which were statistically 
significant. Hence, it shows that there is the relation between 
the morphometric values and the pathogenesis of the talus. 
The size of the prosthesis may vary in different genders, races, 
ethnic groups, social cultures, etc.[16] Hence, the present study 
may help orthopedic surgeons to choose the correct size of the 
implant in ankle joint replacement surgeries in India.

Limitations
The sample size of the present study was small, such kind 
of studies may be supplemented with the radiological 
morphometry of talus.
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Table 2: Minimum, maximum, and mean value of morphometric parameters of trochlear, lateral, and medial articular 
surfaces of right and left talus and t‑value and P  value

Morphometric 
parameters

Right (n=33) Left (n=33) t P

Minimum 
(mm)

Maximum 
(mm)

Mean±SD 
(mm)

Minimum 
(mm)

Maximum 
(mm)

Mean±SD 
(mm)

Trochlear surface
TM‑APD 24.62 36.03 29.02±2.96 23.73 39.94 29.83±3.55 1.073 0.291
TC‑APD 26.72 36.88 30.63±2.52 24.66 36.56 30.72±2.75 0.133 0.895
TL‑APD 24.90 36.22 30.11±2.71 24.81 38.26 31.38±3.01 1.653 0.108
TA‑Width 21.14 30.51 25.32±2.49 20.32 30.79 25.97±2.58 0.937 0.356
TC‑Width 20.52 29.92 24.58±2.34 18.67 29.42 24.85±2.35 0.430 0.670
TP‑Width 16.47 26.53 20.77±2.62 15.90 28.52 21.98±2.8 1.960 0.059

Lateral articular surface
LC‑Height 18.83 29.85 23.42±2.19 18.67 27.07 23.25±2.11 0.322 0.750
LC‑Width 15.09 26.74 19.19±2.63 14.21 24.44 19.66±2.28 0.805 0.427

Medial articular surface
MC‑Height 9.92 15.16 12.19±1.33 10.70 17.25 13.97±1.88 4.227 0.001
MC‑Width 23.26 35.42 27.80±2.5 20.00 30.48 26.48±2.53 2.051 0.049

TM: Trochlear medial, TC: Trochlear central, TL: Trochlear lateral, APD: Anteroposterior distance, LC: Lateral central, MC: Medial central, SD: Standard 
deviation, TA: Trochlear anterior, TP: Trochlear posterior

Figure 4: Left talus‑medial view: Morphometric parameters of Medial 
articular surface. MC‑Height: Medial central height, MC‑Width: Medial 
central width, A: Anterior, P: Posterior, S: Superior, I: Inferior
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