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Abstract: This article presents the results of a phase analysis of foot movement dynamics. Pathological changes in the ankle
joint and the causes of their occurrence were also analyzed, and the foot with a pathological condition of the ankle joint was
studied. Based on the results of the analysis, the degree of pathology in the ankle joint was determined as a percentage.

Keywords: body weight, ankle joint, fractures, deltoid ligament, immobilization, load, walking cycle, deformation, shock
absorption, phase stage, substrate, pronation, supination, orthopedic shoe, rolling.

Introduction. The ankle joint is a movable connection between the foot and the
lower leg. On its sides, there are three groups of ligaments that firmly hold the joint in
place, which can be easily injured during incorrect jumps, accidental falls, or twisting of
the foot. Often, stretching occurs - resulting in microtears of the connective tissue fibers.

The ankle joint is structurally complex and serves as a construction that transfers
the supporting load from the body to the foot. It consists of three bones: the tibia, fibula,
and talus. Although this joint is not particularly prone to degenerative-dystrophic
processes due to its structure, it is vulnerable to incorrect movements that lead to
excessive strain on the ligamentous apparatus [1,2]. Stretching of ankle ligaments often
occurs when the foot is turned inward, and less frequently when it is turned outward.

The main causes of stretching are:

* incorrect loading of the foot when jumping;

* walking or running on uneven, unstable, or slippery surfaces;

* side impact or sharp pressure on the ankle joint.

Stretching of the foot ligaments is most often observed during the winter season
when people accidentally twist their feet while falling on ice or climbing and descending
frozen stairs. Additionally, ankle ligaments can be injured during sports activities.
Typically, the group of ligaments passing through the outer surface of the joint is affected.
The degree of pain in ankle ligament stretching directly depends on the severity of the
injury. Proper first aid helps reduce the risk of post-injury complications. The treatment
process includes taking pain-relieving and anti-inflammatory medications, immobilizing
the joint, and most importantly, using orthopedic footwear to temporarily limit weight-
bearing [3,4].

The inflammatory phase lasts up to 2 weeks, while the recovery phase lasts from 1
to 3 months after the injury. Elasticity is fully restored within six months. During this
time, the patient may experience symptoms of joint damage (pain, limited movement).

Three groups of ligaments are distinguished in the ankle joint area:

* the joint is secured externally by the calcaneofibular and talofibular ligaments,
which have anterior and posterior parts;

T
421
Vol. 9 Issue 4 www.niet.uz
2024



mailto:mukhammedova_92@mail.ru

NamdTI
ILMIV-TEXNIKA

\®

Scientific and Technical Journal of NamIET |

e on the inner surface, the deltoid ligament is located, which has deep and
superficial layers;

¢ the tibiofibular ligament connects the tibia and fibula.

The lateral ligament is most commonly injured. The second most frequent injury is
to the right or left deltoid ligament. The third most common injury is usually syndesmosis
damage between the bones of the lower leg. Other structures are injured much less
frequently. The symptoms of this condition include pain, swelling and diffuse bruising
of the tissues, limping, or complete restriction of movement in the injured limb [5,6].

pronation
Figure 1. Types of foot injuries based on flexion

An ankle injury occurs when there is an indirect physical impact of small force on
the soft tissues of the ankle joint. In this case, a hematoma develops as a result of minor
ruptures of muscle fibers and bleeding into the intertissue space. Consequently, the
tissues around the joint become swollen, touching the joint is extremely painful, and the
range of active movements in the joint slightly decreases due to lower leg pain (Fig. 1).

Stretching of the ankle joint ligaments can occur during irregular movements that
cause the ankle joint to flex or twist again. This condition is abnormal for the joint and
leads to excessive stretching of the ankle ligament apparatus. The ligaments may stretch
or tear. There is also swelling of the soft tissues around the joint, and a hematoma may
form at the site of stretching. Occasionally, a plaster cast using the "boot" technique may
be applied to completely immobilize the joint and prevent physical strain for additional
immobilization. If timely or complete care is not provided to the patient with ligament
stretching, this can lead to chronic instability of the ankle joint. Typical dislocations are
the result of chronic rupture of the ankle joint apparatus. Foot dislocation is considered
complex and extremely painful. During trauma, by rotating the foot inward or outward,
the joint surfaces of the ankle lose their alignment, and a dislocation occurs in the joint.
The typical presentation for dislocation is foot-ankle deformity, inability to perform
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active joint movements, and attempts to perform passive movements are very painful
[7,8].

Methodology & empirical analysis. Foot dynamics arise from the interaction of
forces acting on the foot, and dynamic analysis of the foot is an important orthopedic
skill. This represents a dynamic addition to static examination. Biomechanical criteria for
walking include variable leg activity, alternating pushing and swinging of each leg. These
movements are characterized by strict coordination and conformity to body structure.
During the stages of movement, each foot alternately performs the functions of support
and transfer. The support period includes phases of shock absorption and push-off, while
the transfer period involves phases of leg lifting and deceleration.

When we talk about walking phases, we refer to the entire range of human
movements during forward progression. A complete basic cycle consists of two
independent stages: stance and swing.

Pushing - from lifting the
heel tolifting the toes
from the support.

The support period is from
the full touch of the foot
with the support until the
heel begins to rise from the

support;

Landing - up to full
contact with the entire
supporting surface of the
foot, touching the heel;

The support stage is divided into three periods:

At the beginning of the walking cycle, a person places their foot on the supporting
surface, with the maximum load falling on the outer upper part of the heel area. Then, a
rolling phase occurs along the outer part of the foot, distributing the load across the entire
surface of the foot and providing shock absorption. In the next moment, the maximum
load falls on the joints as the person prepares to lift their foot from the support, and the
toes are lowered.

Figure 2 above shows a walking cycle starting with the right foot and ending when
the left foot touches the ground. The initial heel contact is represented as 0%, the left heel
contact time as 50%, and the right heel contact time again as 100% of the walking cycle.
The period when the foot is in contact with the ground is called the stance phase, while
the period when the foot is off the ground is called the swing phase. The ratio of the
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stance phase to the swing phase is approximately 6:4, and the proportion of swing phases
increases as walking speed increases [9,10].

| | | |

% st 2 A o o
EVENTS | contact ool ey Woumt O adsced ol | conled
rencos]  [emme e 1 T U T oo |
TASKS .m Single-limb support : Limb advancement
PHASES Stance phase Swing phase
CYCLE

Figure 2. The beginning and end state of the walking cycle

II. Results. The walking cycle represents the step length. In other words, it is the
distance from the right heel to the right heel when taking the next step with the right foot.
On the other hand, the distance from the right heel to the left heel is considered the stride
length. Additionally, the vertical distance between the centralized extension lines on the
left and right feet is called the step width. Each person has a different walking cycle,
depending on their physical characteristics such as height and leg length [8,9].
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Figure 3. A) The percentage of contact and oscillation phases during walking
B) Anthropomorphic six-joint mechanism

424

Vol. 9 Issue 4 www.niet.uz
2024



NamdTI
ILMIV-TEXNIKA

\®

Scientific and Technical Journal of NamIET |

Accurate determination of walking phases is important for evaluating kinematic
data. Focusing on the foot, each gait cycle is typically divided into two periods,
commonly called stance and swing. Stance refers to the entire period when the foot is on
the ground, while swing refers to the time when the foot is in the air to move it forward.
During normal walking, most gait cycles consist of a sequence of the following three sub-
phases: heel contact (H), heel and 5th metatarsal contact (F), metatarsal contact and heel
rise (P), followed by foot swing (S) [10]. Pathological changes in the foot can also be
detected by evaluating the human gait cycle.
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Figure 4. A) Movement of the foot in the sagittal plane during the gait cycle
B) Kinematic diagram of a flat five-link anthropomorphic mechanism

In the process of walking, two phases can be distinguished - single support and
double support phases. According to the data presented, a person never loses their point
of support during walking. This is a characteristic feature of this type of movement.
Within the framework of the study, it is considered that the single support phase occupies
the longest time of the step, while the double support phase occupies the shortest time
interval.

In the calculation scheme (Fig. 3 A), the human support leg is indicated by the index
"1," while the swing leg is indicated by the index "2." In this model, the links have weight
and are in a static state. The links A, B, and C represent the thigh, lower leg, and foot,
respectively. The position of the mechanism in the sagittal plane can be represented by 6
angular coordinates - 2 absolute and 4 relative coordinates. The positive direction of the
angles is counterclockwise. Undoubtedly, walking is a relatively symmetrical movement
in time. Based on this, we conclude the following about the time-dependent angular

functions:
al (0)=a2 (T)
B1(0)= B2 (T)
@1 (0) =92 (T) (1)
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Here, the time point 0 is the beginning of the step, and the time point T is the end of
the step. At time T, the support leg becomes the swing leg, and the swing leg becomes
the support leg. At the stage of studying kinematics, the laws of angle changes over time,
as well as mathematically, this problem has an infinite number of solutions, so
experimental data is of great importance.

A flat five-link anthropomorphic mechanism is considered as a mechanical model
of a walking human (Fig. 4b). The mechanism consists of five links - the AD body and
two identical two-link legs. Each leg consists of the thigh (DF1 on the supporting leg and
DF2 on the raised leg) and the lower leg (OF1 on the supporting leg and BF2 on the raised
leg). The links of the mechanism are connected to each other by hinges (joints). The knee
(at points F1 and F2), hip (at point D) and ankle (at points O and B) joints are considered
to be uniaxial hinges with axes perpendicular to the longitudinal (sagittal) plane - the
plane of the drawing. Since friction in human joints is low, we consider the mechanism's
hinges to be ideal, disregarding friction.

Considering that the double support phase of the step does not exceed 20% of its
total execution time, the step is reduced to a single support phase. In this phase, the ankle
joint of one of the legs (support) always rests on the support. The movement of the
mechanism in the frontal plane is neglected, as the deviation of the center of gravity of
the human body in the frontal plane during walking reaches only 2.5 centimeters (when
the person is 1.75-2.0 meters tall, the body deviates only 1-2 degrees). Thus, a single
support step of a five-link anthropomorphic mechanism with five degrees of freedom in
motion in the sagittal plane is considered (in this case, the support leg remains
stationary).

III. Conclusions. If we analyze the function of the walking cycle with respect to the
angles of the hip, knee, and ankle joints, it can be seen that the knee flexion during the
transition from the stance phase to the swing phase is approximately 60 degrees or more.
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Figure 5. A) Intermediate measurements of the pronation injury angle in the foot;
B) Intermediate degrees of the pronation injury angle in the foot
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Also, conversely, when examining patients' walking styles, the hip joint, not the
knee joint, is most often bent, or the patient walks with their entire leg extended and the
pelvis raised.

Because the patient has to bear the entire weight of their leg, they expend more
energy while walking, resulting in inefficient gait. Therefore, as shown in the graph
above, it is possible to correct the patient's abnormal movements and muscle usage if the
sequence of joint movement, muscle utilization, and muscle mobilization during walking
is properly applied.

If we analyze the angles of the hip, knee, and ankle joints as a function of the
walking cycle, we can see that the knee flexion during the transition from the stance phase
to the swing phase is approximately 60 degrees or more. Conversely, when examining
patients' gait patterns, it is observed that the hip joint, not the knee joint, bends the most,
or the patient walks with their entire leg extended and the pelvis raised.

Since the foot bears the patient's entire weight, it consumes more energy during
walking, resulting in inefficient gait. Therefore, as shown in the graph above, it is possible
to correct the patient's abnormal movements and muscle usage if the sequence of joint
movement, muscle utilization, and muscle mobilization during walking is properly
applied.
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