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of the hip joint after total hip arthroplasty
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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.

Haseoeno m’s13u, sKi Modrcymv Oymu YUuIKoOXHCeHi nio 4ac eHoonpo-
mesysanns. Mema. Bueuumu ocobausocmi pobomu ms3ie 0ns 3a-
besneuents YHKYIT X00bOU Niciis eHOONPOMEIVBAHHS KYILULOBO2O
cyenoba 3anedxcHo 6i0 xipypeiunozo oocmyny. Memoou. B ocrosi mo-
Oemoganus nexcums 6azosa mooens OpenSim Gate2392. Cmeopero
wicmev mooenetl, AKi nepeodayanu Cmaun MA3i6 HUNCHbOI KiHYiG-
KU 6 HopMmi, 3a KoKcapmpo3y ma uepes 6 i 12 mic. nicis onepayii
3 1IamepanrbHuM ma nepeonim oocmynamu. Pesynomamu. 3a name-
panvHo2o docmyny uepes 6 mic. nicis onepayii M’a3u-a00yKmopu,
8I0N0GIOATbHI 30 cMAbLI3aYil MA3a 8 0OHOONOPHILL (ha3i KPOKY ma
nio yac nepenecenHs CMonu NPayioionb HeOOCMAamHbo, Y Mol Yac
MS3U-32UHayl cmeeHa (y Mooeni npsamull M3 cmeena) bepymo Ha
cebe 8iON0GIOANLHICIb 30 BUKOHAHHS KPOKY, alle 3 NePeHanpyiceH-
nam. Haeénaku, 3a nepednvoeo docmyny cnocmepieaemo nociaonen-
HSL M S316-32UHANYIB, WO NPU3BOOUNMb OO NEPEHANPYICEHHSL CIOHUYHUX
mA3i6 i mA3ig-cmabinizamopie cmeena. Yepesz 12 mic. cuna mssie
Hopmanizyemvcs ona Ginbwiocmi 3 Hux 0o 90-95 % 6i0 nopmu,
cnocmepieacmno nepeguwenis 6 2—3 pasu Kpymmo20 MOMEHmMy
MA3I6-32uHaYi6 ma M A3i6-cmadinizamopie cmeeHa. Bukonanms Hop-
MaNbHO20 KPOKY GUKIUKAE NEPEHANPYICEHHS M A316. 3a hepeonboeo
oocmyny 3a3Hae ¢haza neperecents cmonu, moomo Koau 3a1y4eHo
Oimviuicmv ms3ie. [psmuil a3 cmeeHa, AKuil € HAUCUTBHIUUM Ce-
peo m’s3is, AKi posenaHymi @ podomi, bepe Ha cebe OCHOBHY pobOmy
nepeHocy cmonu. Y pasi MoMCAUB020 YUKOOUCEHHS NPAMO20 MA3a
nio uac nepedHbo20 0OCMyny, Hagimo uepes pik CHOCMepPieacmbCsl
nopywtenns 11020 pobomu — HAOMIpHe NEPEeHANPYHCEHHS T 3ay-
ueHHs 6 pobonty pesepeie inuux m’s3ie. Bucnosku. Mamemamuune
MOOento8ants poobomu M3i6, AKi MOXCYMb OYMU YUIKOOHCEHUMU
nio yac onepayii eHOONPoOMe3y8anHs KyIbloB8o20 cy2100a, yYMos-
Hi cunu m’a3i6 Ha 6 mic. nicna onepayii He 30amHi po3eumu Heoo-
XIOHUL KPYMHULL MOMeHm 075 30IICHEHHA HOPMATbHO20 KPOKY. 3a
Cunu Ms3is, Axka ¢ mooeini gionosioana 12 mic., msa3u 30amHi 8UKo-
HAMuU HOPMATbHY (PYHKYII HE3ANEHCHO 6I0 XIPYPIIuHO20 00CHy-
ny, ane cnocmepizacmucs ixne nepenanpyocenns. Kuouosi crosa.
Kynvwosuil cyenob, cuna m’a3is, mooens xo0b0ou, 1amepanrbHutl 00-
cmyn, nepeoiti docmyn.
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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 1s 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 1s 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

p . m.sartorius ili
m. rectus femoris m. iliopsoas

n. cut. fem. lateralis

anterior approach

m. tensor fascia lata

m. glutaeus minimus
lateral approach

m. glutaeus medius

n. glutaeus

Fig. 1. Trajectory of approaches [9]: a) lateral approach (in
Fig. Lateral approach); b) anterior approach (in Fig. Anterior
approach)
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Fig. 2. Diagram of hip flexion angles during walking

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

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 1169 70 818.3 90 1052.1
m. iliacus 1073 70 751.1 80 858.4 70 751.1 85 912.05
m. psoas major 1113 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 2477 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, ). 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
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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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After 12 months, when the muscle strength normali-
zes for most of them to 90-95 % of the norm, we observe
an excess of 23 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

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. shown in the diagrams by a series of peak stress drops.
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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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