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Abstract
In this study, geometrical and mechanical identification of the talus and cochlea tibiae in horse and ox is presented. The shape of the expressed 

bones of these animals can be considered as rotational surfaces of planar curves. The model is established based on the bolt-nut mechanism 

while interpreting the relationship between talus and tibiae, and describing geometrical differences between ox and horse in functional 

anatomy. The results obtained from the geometric and mechanical data have led to the conclusion that lateral and friction forces applied on 

talus and cochlea tibiae of the horse are higher than that in ox. According to these results, the data obtained helps the horses to stand longer. 
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Introduction

The tarsal joint is a joint consisting of the distal end of the 
calf bones, the proximal end of the metatarsal bones, and 
between these bones, in varying numbers depending on 
animal species, tarsal bones arranged in three rows. Tar-
socrural (talocrural) articulation is the first articulation in 
this joint.1,2 The tarsocrural joint (articulatio tarsocruralis) 
is a typical ginglymus joint formed by the trochlea of talus, 
the cochlea of tibiae and the malleolus of fibula (or mal-
leolar bone of ox). The distal end of the tibiae is similar 
to a three-pronged (two sides, one middle) roller which is 
called cochlea tibiae.2,3 At the distal end of the tibiae, the 
intermediate ridge of cochlea tibiae is oblique to the medi-
an axis of the body in the horse while it is parallel in the ox.
Talus is a pulley-like bone. The upper side of the talus takes 
the name trochlea tali and articulates with cochlea tibiae .1 
Talus in the ox is similar to two pulleys standing in a row. 
The upper one is called trochlea tali proximalis and the 

lower one is trochlea tali distalis.2 The trochlea consists of 
two oblique ridges with a deep groove between them in 
the horse. These ridges curve spirally from dorsomedial to 
dorsolateral direction with the angle of 12 to 15 degrees 
with a sagittal plane. The talus has a proximal trochlear 
surface shaped to fit the tibiae.1 In the horse, the trochlear 
ridges are orientated obliquely in a mediolateral direction 
thus allowing a forward and outward movement of the dig-
it during flexion of the tarsus.4

Related to cochlea tibiae, trochlea tali is oblique to the me-
dian axis of the body in the horse but is parallel to the me-
dian axis of the body in the ox. In ox, the talus is longer and 
slenderer than that in the horse.3 Talus in the ox is similar 
to two pulleys standing in a row. 
the upper one is called trochlea tali proximalis lower troch-
lea tali distalis.2  Even cursory examination of the tarsal 
skeleton is sufficient to make it clear that while free move-
ment is allowed at the tarsocrural joint, there can be almost 
no play at any other level. 5,6 
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Geometric modeling is a branch of applied mathematics 
and computational geometry that provides methods and 
algorithms for the mathematical identification of objects. 
The geometric modeling of anatomical morphologies has 
been very useful for visualizing complex 3D forms. Com-
puter models do not only provide a tool for visualizing 
complex morphology derived from 2D tissue outlines 
but may also permit mathematical modeling of growth or 
functional properties.7,8,9,10,11

Power screws have an important role in mechanical engi-
neering. They are used to convert the rotary motion of the 
nut or screw concerning the slow linear motion of the cou-
pling element along the screw axis. The goal of many power 
screws is to achieve a great mechanical advantage in lifting 
weights. 12,13
This study was designed to develop a modeling technique 
for the bone surface of talus and cochlea tibiae in horse and 
ox. The geometrical and mechanical determination of the 
talus and cochlea tibiae in horse and ox have been exam-
ined. For the study, the bone surfaces of these animals have 
been considered as a rotational surface of a planar curve. 
The movements of these bone surfaces are interpreted me-
chanically as a bolt/nut relationship. Consequently, certain 
stress calculations have been generated and presented here 
by using this geometrical model.

Materials and Methods
Bones used for anatomy lesson student applications were 
used. For this reason, ethics
committee approval was not obtained. Statistical study is 
not necessary for the purpose of
the study. The talus and tibiae bones of a total of 10 ani-
mals, 5 ox and 5 horses, were used.
Geometric work: In this study, a surface of revolution of a 
certain regular curve was defined. Firstly, a definition of a 
regular curve in n-dimensional Euclidean space  was given, 
followed by the definition of R3.

Mechanical Work: In engineering, it is a good way to dis-
assemble a bolted joint to parts, in a way that it can eas-
ily be reassembled again. The main job of a bolted joint 
is to keep the clamped parts together. Another function 
is the movement by providing power transmission. There 
are several methods to tighten a bolted joint. Torque-con-
trolled and angle-controlled tightening are the most wide-
spread methods. With torque-controlled tightening, the 
amount of tightening force that is provided by the torque 
is transferred to the fastener. Angle-controlled tightening 
uses the theoretic relationship between the linear deforma-
tion of the bolt over the pitch of the thread and the angle 
of rotation of the bolt when it is tightened. This is done by 
tightening the bolted joint enough to ensure full contact 
between the surfaces.11 The friction coefficient, which is 
symbolized with  , for the bolted joint has a high influence 
on the tightening torque needed. Friction is the result of the 
mechanical resistance during motion. As a result of this, 
there is less gained mechanical energy. A low friction coef-
ficient will result in an assembly that tends to lose clamping 
force since the friction is too low to keep a locking effect. 
Furthermore, low friction causes more inaccurate tighten-
ing, since the scatter in torque provided by the tightening 
tool(s) will have a larger impact on the clamping force.11 
The greater the initial tightening, the greater the frictional 
force that must be overcome to initiate loosening.13  
1.  Calculation of tightening torque
Torque-controlled is one of the prevalent methods used for 
tightening. To provide the necessary lateral tightened force 
FLateral, the related torque (moment) has to be calculated. 
The total tightening torque, which yields the twisting mo-
ment MT, is caused by twisting force FTwist that is applied 
at a distance L from the axis of torque. The total thread 
torque M1 is a result of weight force FW on threads.  The 
thread friction force FFThread torque M2 is caused by nut 
friction force FFNut where it arises at nut’s outside diame-
ter interface R.
Angle-controlled tightening is the other common meth-
od to fasten. In this study, two types of angle profiles are 
mentioned. One of these is the metric profile bolt, used 
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Table 1. Geometric working equations and definitions.

The equations used in the geometric work and their definitions 
are given in Table 1.
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for locking, which has a special tightening ability with low 
torque values. The other type is the buttress-shaped trapeze 
profile bolt which is used as a movement bolt because low 
friction forces and stress values occur at the bolt/nut inter-
face through the angle value.14,15,16 The greater the helix 
angle (i.e., the greater the slope of the inclined plane), the 
greater is the loosening tendency. Thus, a coarse thread 
tends to loosen more easily than a fine thread.13   
The lateral tightening force x is as seen in figure 1.
The equations used to calculate the tightening torque are 
presnted in table 2.

2. Calculation of Static Stress
At the bolt/nut mechanism, through external vertical and 
horizontal forces, the shaft is subjected to compressive 
stresses that can be calculated by the equations given in 
table 3. 

As a result of the twisting moment,   where is the thread 
root diameter, experiences the greatest distortion of any 
points on the entire surface.13
If the equivalent stress is excessive, shape deformations oc-
cur on the thread or shaft, whichever is the weaker point.13
where D,   and   are the major diameter, thread root diame-
ter and mean diameter of the bolt, respectively.
Further, it is possible to evaluate the notch effect of the bolt/
nut mechanism. Sudden section changes, such as a sharp 
angle, cause an increase in stress even though estimated av-
erage stress may be at safety intervals. At the notch region, 
stress reaches peak values and causes shape deformation. 
In engineering, a mathematical model has been developed 
for comparing functionally two different geometry of talus 
and cochlea tibiae. The model is established based on the 
bolt-nut mechanism while interpreting talus and cochlea 
tibiae relationships and describing the difference between 
ox and horse’s tibiae and talus geometry. The reason for us-
ing bolt-nut stress and force analysis (Figure 1) equations 
herein is that tibiae of the os tarsi centrale (os centroquar-
tale in ox) fastened with talus for increased load carrying 
capacity, and to support the movement by providing pow-
er transmission. In our model, torque-controlled and an-
gle-controlled tightening methods are used together.
Horse peak angle resembles the metric profile as a locking 
bolt. Ox peak angle’s trapeze profile resembles the buttress 
bolt mechanically. 
To estimate equations, critical values, where relevant, are 
measured with a compass and 3D Builder Windows Soft-
ware. Thus, 3D Builder Windows Software results (Table 
1) are used here to easily compute the results. Critical pa-
rameters are defined as follows.  D (Figure 2, Figure 3) is 
the outside diameter or the distance from the center of the 
medial depression for ligamentous attachment on the ta-
lus to the center of the dorsal part of the lateral ridge of 
the trochlea.  ( Figure 2, Figure 3), is the mean diameter 
or the length between the center of the medial depression 
for ligamentous attachment on the talus (proximal trochlea 
in ox) and caudodorsal surface about 29-35 mm.   (Figure 
2, Figure 3),  is the minor diameter;  the length between 
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Figure 1. Force Analysis

FL, lateral tightened force, FW, weight force on threads, FR thread 

surface reaction force , FF, thread friction force, α, bolt/nut interface 

through the helix angle value.

Table 2. Tightening torque calculation equations and definitions

Table 3. Equations and definitions used in calculation of static stress.



57

the center of the medial depression for ligamentous attach-
ment on talus (proximal trochlea in ox) and caudodorsal 
surface about 22-30 mm.   is the peak angle, between the 
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Figure 2. The values of D, D1 and D2 at right talus of horse. Medial view.

D is the outside diameter or the distance from the center of the medial 

depression for ligamentous attachment on the talus to the center of the 

dorsal part of the lateral ridge of the trochlea.   is the minor diameter; 

the length between the center of the medial depression for ligamentous 

attachment on talus and caudodorsal surface.  , is the mean diameter or 

the length between the center of the medial depression for ligamentous 

attachment on the talus and caudodorsal surface.

Figure 3. The values of D, D1 and D2 at right talus of ox. Medial view.

D is the outside diameter or the distance from the center of the medial 

depression for ligamentous attachment on the talus to the center of the 

dorsal part of the lateral ridge of the trochlea.   is the minor diameter;  

the length between the center of the medial depression for ligamentous 

attachment on proximal trochlea and caudodorsal surface.  , is the mean 

diameter or the length between the center of the medial depression for 

ligamentous attachment on the proximal trochlea and caudodorsal sur-

face. 

Figure 4. The values of P (a, a1),  and H at right talus of ox. Cranial 

view.

   is the peak angle, between the inner margins of the medial and lateral 

ridges of talus. P is pitch, which is the distance between the outer edges 

of the lateral and medial ridges of talus. H is the distance between the 

apex of the high protrusion of the trochlea and the trough area between 

the two protrusions of the trochlea.

Figure 5. The values of P (b, b1),  and H at right talus of horse. Cranial 

view.

  is the peak angle, between the inner margins of the medial and lateral 

ridges of talus. P is pitch, which is the distance between the outer edges 

of the lateral and medial ridges of talus. H is the distance between the 

apex of the high protrusion of the trochlea and the trough area between 

the two protrusions of the trochlea.



58

inner margins of the medial and lateral ridges of talus, 
which is measured with digital compass. Consequently, the 
tibial length  mm., the friction coefficient   (which are the 
same both horse and ox). Each leg of horse and ox is load-
ed 150 kg and converted to force by multiplying with the 
acceleration of gravity, 9.81. 
Also, the points that correspond to talus and cochlea tib-
iae in our model referred to as P (Figure 4, Figure 5), are 
termed the pitch, which is the distance between the outer 
edges of the lateral and medial ridges of talus.

İşbilir et al 2021

Figure 6. Cochlea tibiae of horse and ox Cranial view.

Table 5. Measurement of critical mean values (5 patterns) on talus and 

tibiae surfaces by caliper of horse and ox.

P, termed the pitch. D is the outside diameter or the distance from the 

center of the medial depression for ligamentous attachment on the talus 

to the center of the dorsal part of the lateral ridge of the trochlea.   is the 

minor diameter;  the length between the center of the medial depression 

for ligamentous attachment on talus (proximal trochlea in ox).  is the 

mean diameter or the length between the center of the medial depres-

sion for ligamentous attachment on the talus (proximal trochlea in ox).   

is the peak angle, between the inner margins of the medial and lateral 

ridges of talus, Nut’s outside diameter interface R, the tibial lengt L, the 

friction coefficient   (which are the same both horse and ox).

Table 6. Lateral and friction loads angles.

The friction coefficient  (which are the same both horse and ox). The 

helix angle of the thread   in the perpendicular direction to the axis.14 

Depending on the peak (metric) angle variable ,  the friction coefficient 

is defined by:    Using the friction angle   one can get the angle of friction 

force by: .

Table 4. Measurement of critical values on talus and tibiae surfaces by 

3D Builder Windows Software of horse and ox.

P, termed the pitch. D is the outside diameter or the distance from the 

center of the medial depression for ligamentous attachment on the talus 

to the center of the dorsal part of the lateral ridge of the trochlea.  is the 

minor diameter;  the length between the center of the medial depression 

for ligamentous attachment on talus (proximal trochlea in ox).  is the 

mean diameter or the length between the center of the medial depres-

sion for ligamentous attachment on the talus (proximal trochlea in ox).   

is the peak angle, between the inner margins of the medial and lateral 

ridges of talus, Nut’s outside diameter interface R, the tibial lengt L, the 

friction coefficient   (which are the same both horse and ox).

Table 7. Comparison of forces.

Lateral tightened force FLateral, the related torque (moment) has to be 

calculated. The total tightening torque, which yields the twisting mo-

ment MT, is caused by twisting force FTwist that is applied at a distance 

L from the axis of torque. The total thread torque M1 is a result of weight 

force FWeight on threads. The thread friction force FFThread torque 

M2 is caused by nut friction force FFNut where it arises at nut’s outside 

diameter interface R. FReaction, thread surface reaction force FR.
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Discussion and Conclusion
The previous work of first and second authors was relat-
ed to anatomical organ modeling.7,8,9,10,11 Some studies 
have been conducted to evaluate the anatomy of the tarsal 
joint in horses. In the studies, the normal anatomical fea-
tures of the joint were defined by radiography and comput-
ed tomography. 17,18 Besides, no mechanical and geomet-
rical study was found on this joint. It is the first geometric 
and mechanical study in this area. The present study is the 
first presents a modeling technique for the bone surface of 
ox and horse of talus and cochlea tibiae, respectively. In 
the mechanical study, the measured values of ox and horse 
of talus and cochlea tibiae and the surface models formed 
according to the geometrical formulas were considered, 
and the accuracy of the 3D graphics was confirmed by the 
real-life photographs. Furthermore, we plot their graphics 
using the Maple 14 program. 
According to Table 3 results, the measure of the helix an-
gle has a great value (i.e, the greater the slope of the in-
clined plane), then the tendency to relax is also too.  Thus, 
coarse threads tend to loosen more easily than fine threads. 
The power screws are used to convert the rotary motion 
of the nut or screw for the slow linear motion of the cou-
pling element along the screw axis. The goal of many power 
screws is to achieve a great mechanical advantage in lifting 
weights.13 Concerning this, ox’s talus needs more power to 
stand than horse’s. One can be observed in Table 3 that for 
the horse, applying with 20 % less twisting force (=Torque), 
7.2 % more lateral tightening force is achieved than for the 
ox. According to Table 4 results, as mentioned above, the 

trapeze profile is good at absorbing stresses. Therefore, ox’s 
equivalent stress values are 50 % less than that for the horse 
approximately. However, thread surface pressure is 13 % 
more than for the horse. That means, horse overcomes 13 
% better than ox with shape deformations due to crush re-
sistance between thread surfaces.
It can be seen that there is a good functional relationship 
between bolt/nut mechanism with cochlea tibiae and talus. 
Obtained data from the geometric and mechanical analy-
ses showed that lateral and friction forces applied on talus 
and cochlea tibiae of the horse are greater than that in the 
ox. Because of the differences between the helix angle and 
the peak angle, the horse can get more torsional moment 
by applying less torsional force to stand up than ox. 
We also hope that the geometric and mechanical data pre-
sented in this study will contribute to the anatomical bone 
modeling studies in the future.
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