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Наведено м’язи, які можуть бути ушкоджені під час ендопро-
тезування. Мета. Вивчити особливості роботи м’язів для за-
безпечення функції ходьби після ендопротезування кульшового 
суглоба залежно від хірургічного доступу. Методи. В основі мо-
делювання лежить базова модель OpenSim Gate2392. Створено 
шість моделей, які передбачали стан м’язів нижньої кінців-
ки в нормі, за коксартрозу та через 6 і 12 міс. після операції 
з латеральним та переднім доступами. Результати. За лате-
рального доступу через 6 міс. після операції м’язи-аддуктори, 
відповідальні за стабілізацію таза в одноопорній фазі кроку та 
під час перенесення стопи працюють недостатньо, у той час 
м’язи-згиначі стегна (у моделі прямий м’яз стегна) беруть на 
себе відповідальність за виконання кроку, але з перенапружен-
ням. Навпаки, за переднього доступу спостерігаємо послаблен-
ня м’язів-згиначів, що призводить до перенапруження сідничних 
м’язів і м’язів-стабілізаторів стегна. Через 12 міс. сила м’язів 
нормалізується для більшості з них до 90–95 % від норми, 
спостерігаємно перевищення в 2–3 рази крутного моменту 
м’язів-згиначів та м’язів-стабілізаторів стегна. Виконання нор-
мального кроку викликає перенапруження м’язів. За переднього 
доступу зазнає фаза перенесення стопи, тобто коли залучено 
більшість м’язів. Прямий м’яз стегна, який є найсильнішим се-
ред м’язів, які розглянуті в роботі, бере на себе основну роботу 
переносу стопи. У разі можливого ушкодження прямого м’яза 
під час переднього доступу, навіть через рік спостерігається 
порушення його роботи — надмірне перенапруження і залу-
чення в роботу резервів інших м’язів. Висновки. Математичне 
моделювання роботи м’язів, які можуть бути ушкодженими 
під час операції ендопротезування кульшового суглоба, умов-
ні сили м’язів на 6 міс. після операції не здатні розвити необ-
хідний крутний момент для здійснення нормального кроку. За 
сили м’язів, яка в моделі відповідала 12 міс., м’язи здатні вико-
нати нормальну функцію незалежно від хірургічного досту-
пу, але спостерігається їхнє перенапруження. Ключові слова. 
Кульшовий суглоб, сила м’язів, модель ходьби, латеральний до-
ступ, передній доступ.

Muscles that can be damaged during endoprosthesis are indi-
cated. Objective. To study the features of muscle work to ensure 
walking function after hip arthroplasty depending on the surgi-
cal approach. Methods. The basis of the simulation is the basic 
OpenSim Gate2392 model. Six models were created that pre-
dicted the condition of the muscles of the lower limb in normal 
conditions, during coxarthrosis and after 6 and 12 months. after 
surgery with lateral and anterior approaches. The results. For 
lateral access in 6 months. after the operation, the adductor 
muscles responsible for stabilizing the pelvis in the single-sup-
port phase of the step and during the transfer of the foot do 
not work enough, while the hip flexor muscles (in the mod-
el, the rectus femoris muscle) take over the responsibility for 
the step, but with overvoltage. On the contrary, with the front 
approach, we observe a weakening of the flexor muscles, which 
leads to overstrain of the gluteal muscles and hip stabilizer 
muscles. After 12 months, the muscle strength normalizes for 
most of them to 90–95 % of the norm, a 2–3 times increase in 
the torque of the hip flexor muscles and hip stabilizer muscles 
is observed. Taking a normal step causes muscle strain. During 
the anterior approach, the foot is transferred during the phase, 
that is, when most of the muscles are involved. The rectus femo-
ris muscle, which is the strongest of the muscles discussed in 
the paper, does the main work of moving the foot. In the case 
of possible damage to the rectus muscle during anterior access, 
even after a year there is a violation of its work — excessive 
overexertion and involvement of the reserves of other muscles. 
Conclusions. Mathematical modeling of the work of muscles that 
may be damaged during hip arthroplasty surgery, conditional 
muscle strength for 6 months. after the operation, they are not 
able to develop the necessary torque to take a normal step. For 
muscle strength, which in the model corresponded to 12 months, 
the muscles are able to perform a normal function regardless of 
surgical access, but their overstrain is observed. 
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Introduction
Walking is the most natural human locomotion, 

which occurs as a result of complex coordinated ac-
tivity of the skeletal muscles of the body and limbs.

The main muscles used in walking include the fol-
lowing: quadriceps and hamstrings, gastrocnemius, 
hip adductors. Gluteal and abdominal muscles also 
play a significant role in forward movements. The glu-
teal muscles, hamstrings, calf and soleus muscles are 
the main factors of support and progression at any 
walking speed [15].

During walking and running, stabilization 
of the pelvis, abduction and rotation in the hip joint 
are provided by the abductor muscles of the thigh 
[3]. They stabilize the hip in the frontal plane during 
leg adduction during walking, for example, the right 
abductor muscle works when the right leg is in 
the stance phase of the step as the left limb is ex-
tended forward. The right hip abductors must provide 
adequate contraction force to keep the pelvis from 
dropping to the left. Weakness of these muscles leads 
to instability of the pelvis during walking or when 
trying to stand on one leg [16].

Abduction of the hip is the movement of the leg 
away from the midline of the body. This action is 
used when a person moves to the side, gets out of bed, 
gets out of a car, while walking, to support the leg 
from falling “into space”. The main muscles that ab-
duct the thigh include gluteus medius and gluteus 
minimus, tension of the broad fascia; the secondary 
hip abductors include the piriformis, tailor's, and up-
per gluteus maximus fibers [16].

In development of degenerative diseases of the joints, 
the muscles gradually lose their strength and ability 
to fully contract, which affects the quality of motor 
activity. Therefore, first of all, the abductor muscles 
of the thigh suffer with the development of adductor 
contracture. It is the insufficiency of these muscles 
that leads to the formation of lameness, painful pelvic 
tilt and other pathological conditions.

One of the important indicators of walking quality 
is muscle strength. Degenerative changes in the joints 
gradually lead to its decrease. In coxarthrosis, the de-
crease in the strength of the muscles of the lower limb 
can reach from 10 % for the muscles of the lower 
leg and foot to 60 % of the gluteal muscles. Resto-
ration of their strength to 90 % of the norm can last 
from a year or more [1, 11, 23]. Therefore, regardless 
of the methods of surgical access in case of hip joint 
endoprosthetics, full recovery of the muscles does not 
occur after a year, moreover, the integrity of the mus-
cles is injured during the operation. It can be both 

the muscle itself and its partial place of attachment 
to the bone. And although modern methods of or-
gan-sparing interventions are designed to minimize 
injury to the muscular apparatus in the area of endo-
prosthesis, partial violation of muscle integrity still 
might be observed.

Lateral and anterior approaches are low-trauma-
tic organ-sparing operations, during which the mass 
of muscles is practically not damaged. During access 
to the hip joint, the muscles are stretched, which has 
a minimal effect on their integrity. Although accord-
ing to literary sources [1, 7, 11, 23], full recovery is 
still delayed.

Full-fledged walking requires a creation of the ap-
propriate moment by the muscles, which depends 
on the strength of the muscle and its length; that is, 
the ability to contract the muscle affects the occur-
rence of the necessary moment in the correspond-
ing phase of the step. In patients with coxarthrosis, 
the reduction in muscle strength leads to a decrease in 
the moment during hip elevation. So, after endopros-
thetic repair, first, it is necessary to restore muscle 
strength.

In our study, we consider the moments created 
by the muscles of the pelvic girdle during hip flexi-
on, as its main movement during walking. We study 
the muscles that can be damaged during endopros-
thetic repair.

Purpose: to study the features of muscle work to 
ensure walking function after hip arthroplasty using 
lateral and anterior approaches.

Material and methods
To analyze the work of muscles during walking in 

mathematical models, the Hill’s diagram of the mus-
cle-tendon element (MTE) is used [26].

Conditions for creating models
The muscles of the hip joint, which are conside-

red in the study, can be grouped according to their 
functions in relation to the movements of the hip 
during walking. Flexors: m. rectus femoris, m. psoas 
major, m. iliacus (iliopsoas). Hip abduction muscles: 
m. gluteus medius, m. tensor fascia latae. Muscles 
of internal rotation: m. tensor fascia latae, m. glute-
us minimus. Muscles of external rotation: m. gluteus 
maximus, m. quadratus femoris.

M. rectus femoris (straight thigh muscle) toge-
ther with m. iliopsoas (iliac-lumbar muscle) bends 
the hip during walking in the “toe-off” phase, i. e. 
when the toes come off the support and the foot is 
moved forward [19]. In the case of a decrease in 
the strength of the hip flexors, accordingly, the patient 
is unable to fully move the foot. With a significant loss  
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of muscle strength, a negative step can be observed, 
that is, the foot does not go beyond the foot of the op-
posite limb [30, 32]. This feature of gait is often ob-
served in elderly people, when the decrease in muscle 
strength in the case of degenerative joint diseases is 
complicated by age-related changes in the muscles 
themselves.

During endoprosthetic repair, depending on 
the access, the integrity of the flexors may be partial-
ly violated [6]. During the front approach, the tendons 
of the rectus femoris muscle are damaged, and during 
both approaches, m. iliopsoas (iliac-lumbar mus-
cle), a tendon that is attached to the small trochanter 
of the femur [6, 17, 27].

Considering the fact that during endoprosthetic 
repair with the indicated approaches, the muscles 
of the back surface of the thigh (extensors) are not in-
jured, a significant imbalance in the work of the flex-
ors and extensors can be observed.

M. gluteus medius (medial gluteal muscle) is 
a large fan-shaped muscle located in the back 
of the thigh, stretching from the ilium to the proximal 
part of the femur. Its fibers converge into a tendon, 
which is attached to the lateral surface of the greater 
trochanter. The very location of the tendon on the ace-
tabulum makes this muscle vulnerable during arthro-
plasty, especially its anterior branch. M. gluteus me-
dius is the main abduction motor in the hip joint, its 
anterior part abducts, helps to flex and medially rotate 
the hip [18, 24, 28]. The muscle plays a critical role 
in maintaining pelvic stability in the frontal plane. 
It interacts with the ipsilateral tensor fascia latus 
(TFL) and the contralateral quadratus lumboris mus-
cle. This muscle complex prevents the pelvis from 
dropping toward the limb during the abduction phase. 
When the limb is detached from its support, the pel-
vis on that side will tend to descend due to the loss 
of support from below. The gluteus medius, along 
with the TFL, work to support the side of the pelvis 
that is being lowered, thus allowing the other limb 
to swing forward for the next step [21, 22]. The risk 
of TFL damage in the case of a lateral approach is 
higher [29].

Due to its location, the front part of m. gluteus 
medius is more damaged during the anterior ap-
proach than during the lateral one. This statement is 
indeed controversial, especially when analyzing cli-
nical sources. But according to the literature, which 
examines muscle damage in dead people after pros-
thetics, or during prosthetics on cadaveric materi-
al, there is information about trauma to the anterior 
parts of the gluteal muscles in the case of anterior ac-
cess, but no longer during the access itself, but under  

conditions of femoral head separation. The possibility 
of such damage is reported by B. T. Higgins et al. [6], 
and B. A. Lanting [14] writes about the high probabi-
lity of injury to the anterior gluteal muscles.

M. gluteus minimus (small buttock muscle) 
[4] is the muscle responsible for internal rotation 
of the thigh and m. quadratus femoris (square thigh 
muscle) [12, 19], responsible for external rotation. 
They both keep the hip in balance both during stand-
ing and when transferring the foot over the support, 
that is, they prevent the hip from deviating from 
the line of progression. An imbalance in their work 
leads to a violation of balance due to a pathological 
effort of the hip to deviate outward or, conversely, in 
the middle, which causes a decrease in balance. Late-
ral access is associated with damage to the m. gluteus 
minimus, and the anterior one to m. quadratus femo-
ris [6].

Therefore, a disturbance in the work of any 
of these muscles will lead to their imbalance and 
a change in gait. Although endoprosthetic sur-
gery contributes to the stabilization of walking and 
the gradual restoration of muscle strength, it is ac-
companied by a violation of the integrity of muscles 
or their tendons. Depending on the access, different 
muscles are damaged; accordingly, recovery after 
the operation will proceed depending on the damaged 
part of the joint (Fig. 1).

The basis of the simulation is the basic model 
OpenSim [2] Gate2392 [10].

Six models were created: the norm, without 
changing the muscle parameters set in the software 
[19], the condition due to coxarthrosis with a decrease 
in muscle strength [1, 11, 32, 7, 23], the condition 
of the muscles during lateral and anterior approaches 
to 6 and 12 months after surgery, muscle strength to 
which changes were made in accordance with the li-
terature [3, 4, 6, 7, 11–25, 28, 29] (Table). We did not 
find direct comparisons of the degree of muscle damage 
with different approaches, and conducting a network 
meta-analysis was not part of the task of this work. 
Therefore, indicators regarding the degree of injury 
are taken conditionally, during force calculations, 
the strength is changed by 10–15 % from the level 
of recovery, provided they are not injured. The va-
lues of changes in muscle strength had a signifi-
cant spread, so averaged indicators were chosen for 
calculations.

The moment of the muscles for performing a step 
with the right limb was determined. For the phases 
of the step with the right limb [15], a correspond-
ing diagram of the bending angles is constructed in 
the OpenSim software (Fig. 2).
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Results
M. rectus femoris (rectus femoris) is the main 

muscle responsible for hip flexion. It works almost 
throughout the entire step but is maximally involved 

in the phase of bringing the supporting limb forward 
and keeping the foot above the surface before the heel 
touches the support. So, in the norm (Fig. 3, a, norm) 
we observe the maximum torque that the muscle 
develops in this step phase (from 0.6 to 0.75 s) and 
in the limb support phase (0.85). Next, the work 
of the muscle is observed only as an additional sup-
port, and the main work in the single-support phase 
of the step is performed by other muscles (we do not 
consider it in this publication).

In case of loss of muscle strength (from 15 to 
30 %) because of coxarthrosis, according to the simu-
lation data, it is possible to note the absence of its ac-
tivation in the phase before supporting the heel, i. e. 
with the loss of a third of the strength, the muscle is 
unable to move the foot forward. Its activity during 
foot support increases compared to the norm.

As we mentioned, the rectus femoris muscle works 
in synergy with the iliopsoas muscle. Their simulta-
neous work provides for maintenance of the vertical 
position of the body while walking.

The iliolumbar muscle, which consists of two 
parts, namely m. psoas major and m. iliacus, also 
loses strength in case of coxarthrosis. M. psoas ma-
jor can lose from 15 to 30 %, m. iliacus from 20 to 
40 % of its strength. According to T. Roth et al. [25], 
a loss of muscle strength of more than 40 % leads to 
the impossibility of full walking. The only way to 
get the force necessary to perform a step is to reduce 
the length of the muscle, the lever of force action.

For rectus femoris and iliopsoas, this is possible if 
the body is tilted forward. This is observed in patients 
with coxarthrosis.

During hip arthroplasty, the rectus femoris can be 
damaged during an anterior approach, so recovery is Fig. 2. Diagram of hip flexion angles during walking

Fig. 1. Trajectory of approaches [9]: a) lateral approach (in 
Fig. Lateral approach); b) anterior approach (in Fig. Anterior 
approach)

m. iliopsoasm. sartoriusm. rectus femoris
n. cut. fem. lateralis

anterior approach

m. tensor fascia lata

m. glutaeus minimus

m. glutaeus medius

n. glutaeus

lateral approach

Table
Calculation of the theoretical recovery of muscle strength in 6 and 12 months 

in different accesses for hip joint replacement

Muscles Gait2392 Lateral approach Anterior approach

6 months 12 months 6 months 12 months

% calculated % calculated % calculated % calculated

m. rectus femoris 1 169 70 818.3 90 1052.1
m. iliacus 1 073 70 751.1 80 858.4 70 751.1 85 912.05
m. psoas major 1 113 60 667.8 70 779.1 60 667.8 80 890.4
m. gluteus medium 819 60 491.4 75 614.25 70 573.3 80 655.2
m. gluteus minimus 270 50 135.0 70 189.0 — — — —
m. gluteus minimus 285 50 142.5 70 199.5 — — — —
m. gluteus minimus 323 50 161.5 70 226.1 — — — —
m. quadratus femoris 381 — — — — 65 247.7 80 304.8
m. tensor fascia latae 233 50 116.5 70 163.1 55 128.2 75 174.75
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slower than with a lateral approach. The torque that 
develops m. rectus femoris after surgery with lateral 
access (Fig. 3, b) has a significantly greater moment 
than normal (Fig. 3, a), but the peak of activation falls 
on the second half of the foot roll phase (0.9–1.0 s), 
unlike in the norm, when the maximum of activa-
tion occurs in the middle of the single-support phase 
of the step (0.8–0.9 s). Six months after surgery with 
anterior access, the activity of the rectus muscle prac-
tically approached the norm, but the period of acti-
vation is significantly extended in time, and the ap-
pearance of a moment of muscle excitation during hip 
extension in the phase of separation of the toes from 
the support is observed (1.2–1, 4 c). The general exci-
tation curve of the muscle after the anterior approach 
is higher than normal during the entire stride period.

After 12 months the rectus femoris muscle is re-
stored to 95 % of normal, provided it is preserved, 
which is observed during lateral access simulation 
(Fig. 3, c). After an anterior approach, muscle recove-
ry is less — up to 85–90 %, which affects the level 
of torque. In both approaches, the torque in the phase 
of support on the foot is normalized (0.7–0.8 s). 
Sharply, especially after lateral access, the torque 
increases during vertical single-support standing. 
The activity of the muscle is restored when the foot 
is moved forward, but its “tremor” is observed due to 
insufficient muscle strength of the muscles responsi-
ble for walking.

Results of modeling the work of the iliopsoas 
muscle (Fig. 4, a), show that in the coxarthrosis mo-
del, the torque is reduced, compared to the norm, 
by approximately 10 % at the maximum. The peak 
of the moment in the coxarthrosis model falls on 
the toe-off phase (1.25 s), and normally on the step 
phase, when the general center of mass coincides 
with the body's center of gravity (1.3 s), which may 
indicate a violation of the vertical posture of the body.

The degree of damage to the iliopsoas mus-
cle during lateral and anterior approaches does not 
differ, which causes the same decrease in torque 
6 months after surgery. But a smaller torque of m. ili-
apsoas in anterior access is affected by a decrease in 
the strength of m. rectus femoris by 10 % at the peak 
of excitement (1.1–1.3 s).

Twelve months after endoprosthetic surgery m. ili-
apsoas develops a maximum torque of up to 55 Nm, 
which is less than the norm, but more than for a pe-
riod of 6 months. The activity of the muscle during 
the movement of the foot forward, which was absent 
for a period of 6 months, is restored. A noticeable 
tremor of the muscle is observed, which indicates its 
tension.

M. gluteus medius (medial gluteal muscle, front 
part). In the case of coxarthrosis, it loses from 15 to 
25 % of its strength. Given that this is a fairly strong 
muscle, and even after losing a portion of its strength, 
it remains the most powerful among all adductor 
muscles (Table), therefore it performs the main work 

Fig. 3. Torque diagram of m. rectus femoris: a) normally and in coxarthrosis; b) for the calculated muscle strength 6 months after 
endoprosthetic repair; c) for the calculated muscle strength 12 months after endoprosthetic repair

Fig. 4. Torque diagram of m. iliapsoas: a) normally and in coxarthrosis; b) for the calculated muscle strength 6 months after 
endoprosthetic repair; c) for the calculated muscle strength 12 months after endoprosthetic repair

а b c

а b c

Norm
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Coxarthrosis

Lateral approach Lateral approach
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Anterior approach

Time, s Time, s Time, s
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of stabilizing the pelvis during walking. The torque 
decreases (Fig. 5, a) to 30 % in the foot transfer phase 
(1.25–1.4 s) and reaches its maximum in the sin-
gle-support step phase (0.95–1.1 s). However, there 
is almost no muscle activity in the phase of taking 
the foot forward (starting from 1.7 s). The inability 
of the muscle to develop the moment necessary to 
transfer the foot (1.1–1.45 s) increases the time of this 
step phase.

Before the foot transfer phase, the muscle activa-
tion is the same and reduced compared to the norm 
by 10– 12 % for both approaches. In the phase of foot 
transfer, after anterior access, a zone of prolonged ex-
citation (1.25–1.40 s) is observed. For 6 months after 
endoprosthetic surgery for both accesses, the dama-
ged muscle m. gluteus medium is not able to develop 
the force to fully hold the limb during the forward 
movement of the foot, i. e., muscle excitation during 
the phase (1.6–1.7 s) does not occur.

Twelve months after surgery, the gluteus medius 
muscle develops a torque that is twice the normal va-
lue in both approaches to perform the step. The maxi-
mum excitement occurs during the phase of foot 
transfer (1.2–1.6 s). A visible tremor of a muscle indi-
cates its overstrain.

M. tensor fascia latae (TFL) is also responsible 
for supporting the pelvis during foot abduction and 
support on one limb. This shows that the decrease 
in strength cannot be compensated by the anthologi-
cal posture, the torque in the coxarthrosis model is 
significantly reduced (Fig. 6, a) and does not exceed 
0.5 Nm throughout the entire step, except for the sin-
gle-support phase, where it increases to 1.8 Nm while 
normally in this step phase the moment is 4.5 Nm.

M. tensor fasciale latae has a greater risk of in-
jury with a lateral approach. Six months after en-
doprosthetic surgery with lateral access, during 
the simulation of muscle work, there is no excitation 
period in the phase of support on the foot (0.5–0.8 s) 
(Fig. 6, b), and the development of a slight, up to 
2.5 Nm of torque in the phase of support for it. After 
surgery with anterior access, a period of excitation 
up to 1.5 Nm is recorded in the first half of the phase 
of support on the foot. For both approaches, the TFL 
torque is reduced by half compared to the norm and 
remains at the level of the state before the operation 
(Fig. 6, a).

TFL restores its work to 90% of the norm in 
12 months. The muscle recovers better with an an-
terior approach. During this period, there is an in-
crease in the excitation time in the phase of support 
on the foot — from 0.7 s to 1.0 s. The muscle works 
with overstrain.

Hip rotator muscles m. gluteus minimus and 
m. quadratus femoris work as antagonist muscles, that 
is, they are activated in different phases of the step. 
Internal rotator m. gluteus minimus reduces activi-
ty in the phase of foot transfer, while m. quadratus 
femoris, on the contrary, is activated precisely in this 
phase of the step.

M. gluteus minimus due to coxarthrosis can lose 
up to 60 % of its strength, which will reduce its 
torque during walking (Fig. 7, a), while the quadratus 
femoris muscle reduces its strength to only 30 %, and 
given that it has a small length, the moment it can 
develop will be significantly greater than that of its 
antagonists (Fig. 6, a). Perhaps it is this imbalance 
of muscle strength that causes the development of ad-
ductor contracture in patients with coxarthrosis.

M. gluteus minimus is damaged only during 
lateral access. During the simulation, it was deter-
mined that after 6 months the muscle is able to de-
velop a torque 10 % greater than the norm, but not 
in the phase of taking the foot forward (1.6–1.8 s) 
(Fig. 7, a, norm), but under conditions of support 
on it (Fig. 7, b). Work of m. gluteus minimus is also 
disturbed during the front access, the torque value 
increases by 15 % (Fig. 7, b) from the level before 
the operation (Fig. 7, a), but the excitation continues 
during the entire phase of support on the foot and is 
absent during the movement of the foot forward, as 
in lateral access. This may indicate muscle overload.

Recovery of small gluteal muscles 12 months af-
ter endoprosthetic surgery (Fig. 5, c) leads to an in-
crease in the torque twice as compared to the norm 
(Fig. 7, a), and both for lateral and anterior access. 
The maximum torque occurs during the phase of sepa-
ration of the toes from the support (1.45 s) (Fig. 7, c). 
The presence of high-frequency peaks on the entire 
step diagram indicates muscle overstrain.

M. quadratus femoris is damaged during anterior 
access, but considering its small size, after 6 months 
it is practically restored, which is shown in Fig. 8, b. 
Twelve months after the operation (Fig. 8, c), 
the torque of the muscle reaches a normal level, but its 
excitation lasts for a longer period of time — from 1.3 
to 1.55 s, in contrast to the norm - from 1.3 to 1.45 s in 
the phase of foot transfer. The muscle is overstrained.

Discussion
According to this simulation, it can be determined 

that with lateral access 6 months after surgery, the ad-
ductor muscles responsible for stabilizing the pelvis 
in the single-support phase of the step and during 
the transfer of the foot do not work enough, while 
the hip flexor muscles (recti femoris in the model) 
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take over the responsibility during execution step, at 
the same time begin to work with overvoltage. On 
the contrary, with the front approach, we observe 
a weakening of the flexor muscles, which leads to 
overstrain of the gluteal muscles and hip stabilizer 
muscles.

After 12 months, when the muscle strength normali-
zes for most of them to 90–95 % of the norm, we observe 
an excess of 2–3 times the torque of the hip flexor muscles 
and stabilizer muscles. But an attempt to perform a nor-
mal step results in overstraining of the muscles, which is 
shown in the diagrams by a series of peak stress drops.

Fig. 5. Torque diagram of m. gluteus medium: a) normally and in coxarthrosis; b) for the calculated muscle strength 6 months 
after endoprosthetic repair; c) for the calculated muscle strength 12 months after endoprosthetic repair. * The muscle force vector 
is directed backwards, so the data have a negative value on the diagram. The magnitude of the torque should be estimated by its 
modulus

Fig. 6. Torque diagram of the TFL: a) normally and in coxarthrosis; b) for the calculated muscle strength 6 months after endoprosthetic 
repair; c) for the calculated muscle strength 12 months after endoprosthetic repair

Fig. 7. Torque diagram of m. gluteus minimus (sum): a) normally and in coxarthrosis; b) for the calculated muscle strength 6 months 
after endoprosthetic repair; c) for the calculated muscle strength 12 months after endoprosthetic repair

Fig. 8. Torque diagram of m. quadratus femoris: a) normally and in coxarthrosis; b) for the calculated muscle strength 6 months after 
endoprosthetic repair; c) for the calculated muscle strength 12 months after endoprosthetic repair
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With the anterior approach, the main problems 
arise in the phase of foot transfer, that is, when most 
of the muscles are involved. The rectus femoris mus-
cle, which is the strongest of the muscles discussed 
in the study, does the main work of moving the foot. 
In the case of its possible damage during anterior ac-
cess, even after a year there is a violation of its func-
tioning, such as excessive overstrain and the involve-
ment of reserves of other muscles. O. A. Tyazhelov 
et al. [31] showed that if the patient's weight is more 
than 100 kg, the muscles are not able to maintain ba-
lance, that is, to ensure a full step. Therefore, endo-
prosthetic surgery with an anterior approach in over-
weight patients should be approached carefully not 
only because of hygienic difficulties, because of this 
technique, but also taking into account the possibility 
of restoring the hip flexor muscles.

With a lateral approach, there is a risk of dama-
ge to the hip adductors, which stabilize the pelvis 
during walking. However, with the normal func-
tioning of the flexor muscles, their work stabilizes 
to normal after a year, except for the small gluteal 
muscles, which are responsible for the internal rota-
tion of the hip. Recovery of gluteal muscles occurs 
more slowly than other muscles of the lower limb. 
Therefore, this feature of theirs should be taken into 
account during rehabilitation measures after hip ar-
throplasty and recommendations for walking rules 
until full muscle recovery.

In our study, we tried to reproduce the damage 
of all possible muscles, but their condition does not 
lead to instability of the model. Therefore, this is only 
a trend, which in no way reflects the real state, which 
cannot be reproduced during simulation without tak-
ing into account the characteristics of the patient.

Conclusions
Mathematical modeling of the work of muscles 

that may be damaged during hip arthroplasty surgery 
showed that conventional muscle forces 6 months 
after surgery are not able to develop the necessary 
torque to perform a normal step. During the lateral 
approach, the lateral muscles undergo the greatest 
changes in the phase of separation of the foot from 
the support and its transfer, and during the anterior 
one the muscles responsible for bending the hip, that 
is, in the phase of the step, when the hip is bent and 
the foot is extended forward.

Under the conditions of muscle strength, which in 
the model corresponded to 12 months, they are able 
to perform normal function regardless of surgical ac-
cess, but their overstrain is observed.
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