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Abstract

The angular dimensions of the talus are indicative of its biomechanical role in load transmis-
sion. Squatting facets on the neck of the talus are indicative of habitual squatting. The primary
objective of this study was to estimate the strength of association between the talar angles and
the presence of squatting facets. The secondary objectives were to estimate the side differences
in the angular dimensions and to assess the reliability of the method. One hundred and sixty
dry tali of unknown sex were studied. The neck angle, vertical angle, torsion angle, trochlear
surface angle and depth angle were measured using a photographic method. The presence of
squatting facets was noted. The mean and standard deviation of those angles were 108.3 + 5.23,
89.87 +3.97, 37.57 + 5.62, 9.7 + 3.3 and 156 + 5.1 degrees respectively. The neck, vertical and
depth angles were significantly higher on the left side. There were significant positive corre-
lations between the neck and vertical angles, the neck and depth angles and the torsion and
depth angles. Squatting facets were noted in 90 of the 160 (56%) of the tali. The torsion angle
was significantly higher in tali with squatting facets. Intraobserver and inter-observer reliability
of the methods were found to be good to excellent. The findings of this study indicate the fac-
tors that can possibly influence the magnitude of the talar angles. This data can be useful for
designing talar prostheses and analyzing the biomechanical interface of the hind foot bones.
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Introduction

The talus is the key bone of the human tarsus as it transmits the body weight to
the calcaneus and other tarsal bones. The parts of the bone include the head, neck
and body. The neck is directed medially and connects the head with the body of
the talus at an angle (Standring, 2008). The talus is a good example of the plasticity
exhibited by bones in response to mechanical requirements of new functions which
are imposed on it (Mahmoodian et al., 2009; Hellier and Jeffery, 2006). Since the talus
endures significant differential forces during locomotion, the stress patterns across
the talus influence its overall dimensions, articular surface areas and angles (Mahato
and Murthy, 2012).

The talar angles include the neck angle (NA), vertical angle (VA) and torsion
angle (TA) (Mahato and Murthy, 2012). The NA is defined as the outer angle sub-
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tended between the axis of the head and neck of talus and an imaginary plane drawn
across the superior articular surface through the mid-points of the tibial and fibu-
lar articular surfaces on either side of the body of talus. The VA is the angle formed
between the axis of the head of the talus and the line connecting the summit of the
medial talar articular surface to the tip of the posterior tubercle. The TA is measured
as the angle between the transverse axis of the articular surface of the head of the
talus and an imaginary transverse axis corresponding with the plane above the supe-
rior articular surface of the talus (Mahato and Murthy, 2012). Previous studies have
measured the morphology of the trochlear surface and depth of the trochlear surface
by linear parameters. The current study has attempted to define these parameters in
terms of angles. The trochlear surface angle (TSA) is the angle subtended between the
medial and lateral edges of the trochlear surface, which is directed posteriorly (Daud
et al., 2013). The depth angle (DA) was measured as the angle formed between the
medial and lateral slopes of the trochlear surfaces.

Squatting is a resting postural complex that involves hyperflexion at the hip and
knee and hyperdorsiflexion at the ankle and subtalar joints. During locomotion,
the foot is rarely dorsiflexed sufficiently to bring the anterior border of the inferior
extremity of the tibia into contact with the dorsum of the neck of the talus. When
habitual squatting occurs, modifications of the neck of the talus and the distal tibia
occur, resulting in the appearance of squatting facets (Barnett et al., 1954; Boulle et al.,
2001). Squatting facets are more frequent in adult Indians than Caucasians because of
habitual squatting practices among them (Dixit et al., 2012).

Talar prostheses are increasingly being used for the treatment of fractures of the
talus. The angular dimensions of the prosthesis need to be accurate to provide good
joint motion (Islam et al.,, 2014). In pathological conditions like club foot, the NA
is increased and the severity of club foot is also classified based on the NA. Hence
during surgery the focus is to reduce the malalignment of the hind foot bones and
thereby correcting the NA by osteotomy procedures (Kamegaya et al., 2001; Farsetti
et al., 2009).

This study focuses on the angular dimensions of the talus and their association
with squatting facets. Previous studies have independently investigated the talar
angles and squatting facets. Squatting facets are evidence of specific forces that the
talus is exposed to. We hypothesized that there would be an influence of these forc-
es on the angular dimensions of the talus. The primary objective of this study was
to estimate the strength of association between the talar angles and the presence of
squatting facets. The secondary objectives of the study were to estimate the side dif-
ferences in the angular dimensions and to assess the reliability of the methods used
to estimate the angular dimensions.

Materials and methods

This was a cross-sectional analytical study. A total of 160 dry tali (Eighty right
and eighty left) of unknown sex, available in the Department of Anatomy, St. John's
Medical College, Bangalore were studied. Damaged tali were excluded. The bones
were numbered and placed on a flat osteometric board to which a camera was fixed.
A graph paper pasted on the board helped to align the bone and the camera to avoid
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errors of parallax. Digital photographs of the superior, medial and end-on views of
the talus were then taken and used for further analysis.

The digital images were transferred to Microsoft PowerPoint software 2010 and
the required lines were drawn. The NA was measured between the axis of head and
neck (two points were marked along the midpoint of medial and lateral edges of the
head neck region, the midpoint of this line was extended posteriorly to meet the mid-
point of axis of the body), and a transverse line representing the body of the talus
(four points were marked along the four corners of the body of talus, the midpoints
of anterior and posterior points were marked and connected) (Figure 1) (Mahato and
Murthy, 2012). The VA was measured on the comma shaped medial surface. Two
lines were drawn from the summit, one to the posterior tubercle and the other to
the midpoint of head span (two points were marked along the superior and inferior
edges of the head neck junction). The angle subtended was measured as the VA (Fig-
ure 2) (Mahato and Murthy, 2012). The TA was measured as the angle between the
oblique axis of the head of the talus (a line was drawn parallel to the head orienta-
tion) and an imaginary line corresponding to the superior articulating surface of the
talus (a line connecting the medial and lateral edges of the body of talus) (Figure 3)
(Mahato and Murthy, 2012). The TSA was measured as the angle subtended between
the medial and lateral edges of the trochlear surface (points were marked along the
medial and lateral edges of the body of talus on the anterior, middle and posterior
part of body of talus. The lines were connected and extended posteriorly to meet at
an angle: Figure 4) (Daud et al., 2013). The DA was measured as the angle formed
between the medial and lateral slopes of the trochlear surfaces (Figure 5). The angles
were then measured using Image] software.

Squatting facets were identified as smooth areas present on the dorsum of the

Figure 1. Method of determin- Figure 2. Method of determining the vertical angle (VA). The VA was
ing the neck angle (NA). NA was measured between lines DE and EF. E - highest point of medial articular
measured between lines A and BC surface; DE - axis of head and neck; EF - line connecting the summit to
at the midpoint of the latter. A - posterior tubercle of talus.

axis of head and neck; BC - trans-

verse line across the body of talus.
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Figure 3. Method of determining the torsion angle (TA). TA Figure 4. Method of determining troch-
was measured between lines HI and JK. HI — superior artic- lear surface angle (TSA). TSA was measured
ular surface of talus; JK — oblique axis of head and neck of between lines AB and BC, by extending them
talus. posteriorly. AB — lateral edge of trochlear sur-
face; BC — medial edge of trochlear surface.
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Figure 5. Method of determining depth angle (DA). DA Figure 6. A lateral squatting facet (LSF).
was measured between lines XY and YZ. XY — medial troch-
lear facet; YZ - lateral trochlear facet.
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neck of the talus which did not follow the line of curvature of the trochlear surface
(Barnett et al., 1954; Boulle et al., 2001). The dry bones were analyzed for the pres-
ence of medial and lateral squatting facets (Figure 6). The angular dimensions were
independently measured by another observer on 20 randomly selected tali to test the
inter-observer reliability of the method. The measurements were also repeated by the
principal investigator on 20 randomly selected tali to assess intra-observer reliability.
The mean and standard deviation of the angles were calculated. Side differenc-
es between the angles were estimated using the independent sample T test and the
strength of association between the angles by Pearson’s correlation coefficient. The
differences between the angular dimensions with and without squatting facets were
estimated using the independent sample T test. Intra-class correlation coefficient
(ICC) was used to estimate the intra and inter-observer reliability. A two-way mixed
model and consistency type was used to calculate the ICC and the single measures
coefficient reported in the results. The statistical analysis was done using SPSS ver-
sion16.0 software. P values less than 0.05 were registered and assumed as significant.

Results

The mean and standard deviation of NA, VA, TA, TSA and DA were 108.3 + 5.23,
89.87 + 3.97, 37.57 + 5.62, 9.7 + 3.3 and 156 + 5.1 degrees respectively when all 160
bones were considered. There were significant side differences in the NA, VA and
DA, but not in the TA and TSA (Table 1). Significant positive correlations between the
NA and VA, NA and DA, and TA and DA were observed (Table 2). Among the 160
dry talus bones, 90 bones (56.3%) had squatting facets while in the other 70 (43.7%)
bones squatting facets were absent. Among the 90 bones with squatting facets, 8 had
medial facets (8.9 %), 60 had lateral facets (66.7 %) and 22 had both medial and lat-
eral facets (24.4 %). A significant difference was observed in TA between bones with
and without squatting facets. The ICC values indicated that there was good intra-

Table 1. Side differences in the talar angles (SD: Standard deviation).

Side Values in degrees

Angle (n=80, right and left) (mean + SD) P

Neck angle Left 110 +5.21 < 0.001
Right 105.8 £3.90

Vertical angle Left 90.58 + 4.27 <0.05
Right 89.18 + 3.56

Torsion angle Left 38.19 £ 6.32 not significant
Right 36.96 + 4.81

Trochlear surface angle Left 93+£32 not significant
Right 10+3.3

Depth angle Left 157 £ 5.2 < 0.001

Right 154 + 4.6
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Table 2. Correlation between the talar angles.

Angles NA

(n=160) (r and P value) VA T TSA DA
NA 1
0.251
VA <001 !
-0.01 -0.05
s not significant not significant !
TSA - 0.05 - 0.08 0.02 1
not significant not significant not significant
DA 0.17 0.08 0.29 <0.01 1
< 0.05 not significant < 0.001 not significant

observer reliability (0.852 to 0.993 depending on angles) and inter-observer reliability
(0.665 to 0.916) with p value p < 0.001 in all angles.

Discussion

The average values of NA, VA and TA obtained in the present study were compa-
rable with previous Indian and French studies where a similar photographic method
was used (Bonnel et al., 2011; Mahato and Murthy, 2012). However, studies in West-
ern populations using CT and MRI scans showed variability in the values (Kameg-
aya et al., 2001; Windisch et al., 2007; Farsetti et al., 2009). This could be due to the
lack of a standardized definition or protocol to measure the angles. In the current
study, there were significant positive correlations between the NA and VA, NA and
DA and TA and DA. These results indicate that there may be common factors that
influence the magnitude of these angles. Previous studies have stated that the NA is a
reflector of the magnitude of stress across the trochlear surface (Mahato and Murthy,
2012). Increased load transmission across the trochlear surface of the talus results in
flattening of the bone and medial deviation of head and neck region thereby increas-
ing the VA and NA (Mahato and Murthy, 2012). The DA also increases as the bone
is flattened, thus possibly explaining the significant positive correlation between NA
and DA. Mahato and Murthy (2012) have also stated that an increase in the VA is
associated with a corresponding increase in the NA and a decrease in TA. However,
this inverse correlation between the VA and NA with the TA was not observed in the
present study. It was noted with interest that the NA, VA and DA were significantly
greater on the left side. These significant side differences noted in the present study
could possibly be explained by altered load transmission across the hind foot bones
on each side.

The mean TSA obtained in the present study was 9.7 + 3.3 degrees. Other stud-
ies have reported values ranging from 9.9 to 11.87 degrees (Daud et al., 2013; Siegler
et al., 2014). The shape and orientation of the trochlear surface is vital in allowing
for smooth joint motion and in providing ankle stability (Frigg et al., 2007; Kleipool
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and Blankevoort 2010; Parra et al., 2012). In the present study, the DA was used as a
novel method to analyze the trochlear groove. It was found that the medial slope was
steeper than the lateral slope. An increase in the depth of the trochlear surface could
give better congruence and stability to the tibio-talar articulation. Previous studies
have attempted to analyze the trochlear groove by using linear parameters and the
talar dome ratio (Wiewiorski et al., 2012; Pablos et al., 2013). The trochlear groove
is a three-dimensional groove which might vary in depth from anterior to posterior
(Wiewiorski et al., 2012), but the DA measured in the present study only gives an
approximate value of the depth which we intend to measure. Evolutionarily, a flat-
ter trochlear surface favors terrestrial locomotion as opposed to arboreal locomotion
(Harcourt-Smith and Aiello, 2004).

To determine the association between presence of squatting facets and the angu-
lar dimensions, talar angles with and without squatting facets were compared. The
TA of tali with squatting facets (36.6 + 5.1) and without squatting facets (38.7 + 6)
showed significant difference (p < 0.05), other angles did not show such differences.
In the present study, the prevalence of lateral squatting facets was more than medi-
al squatting facets. This was in concurrence with a similar study from India (Dixit
et al., 2012). These results point to the fact that squatting more often increases load
transmission in the lateral region of the neck of the talus than the medial region. This
could be a possible explanation for the significant differences observed in the TA.

Many of the previous studies have employed CT and MRI scans to measure the
angular parameters of the talus (Kamegaya et al., 2001; Windisch et al., 2007; Farsetti
et al., 2009). However, the photographic method is likely to provide more accurate
data since the soft tissues are removed. The intra-observer reliability was found to be
excellent for all the angles, the inter-observer reliability was found to be good for the
NA, VA, TA, and TSA and excellent for the DA.

The clinical correlates of the talar angles are important. In club foot, the NA and
TA are increased and the severity of club foot is also classified based on it (Kamegaya
et al., 2001; Windisch et al., 2007). Therefore, during surgery, the focus is to reduce the
malalignment of the hind foot bones and thereby correct the NA by osteotomy pro-
cedures (Kamegaya et al., 2001). A decrease in TA can alter the talo-navicular articu-
lation and cause it to shift to a more horizontal orientation. This may lead to par-
tial obliteration of the transverse arching of the fore-foot (Mahato and Murthy, 2012).
There is a high risk of malunion in talar fractures which can lead to chronic ankle
pain and disabilities (Rammelt and Zwipp, 2009). Orthopedic surgeons need to have
a detailed knowledge of the angular dimensions of the talus to perform osteotomy
and screw fixation (Suter et al., 2013). In the present study, significant side differences
were noted in the NA, VA and DA. This should be borne in mind while designing
talar prostheses (Islam et al., 2014).

This study has focused on the angular dimensions of talus and the importance of
squatting in determining it. Since the study was done on dry bones of unknown origin,
the associations with gender and soft tissue measurements were not studied. Our study
provided normative data about the NA, VA, TA, TSA and DA. Significant correlations
were found between the NA and VA, NA and DA and TA and DA. The side differences
in the magnitude of the NA, VA and DA were also significant. Squatting facets were
associated with a significantly reduced TA. The methods used to in the measurement of
the angles were reliable. The findings of this study indicate the factors that can possibly
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influence the magnitude of the talar angles. This data can be useful for designing talar
prostheses and analyzing the biomechanical interface of the hind foot bones.
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