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Patients who require total hip arthroplasty (THA) experience at-
rophy and weakness of the thigh muscles, which affects the ability
to maintain balance while standing and walking. THA corrects
a certain imbalance in muscle function, but the surgical approach
used may also affect the recovery of individual groups of thigh
muscles. Methods. The results of treatment of 41 patients who
underwent unilateral THA with a modified lateral (group 1) or di-
rect anterior surgical approach (group I1) were analysed. Group 1
included 23 patients aged 34 to 74 years, 17 (73.9 %) men and
6 (26.1 %) women, and group Il included 18 people aged 27 to
75 years, 11 (61.1 %) men and 7 (38.9 %) women. The strength
of the muscles of the contralateral and healthy limbs was mea-
sured using a device based on the SBA-100L strain gauge before
THA, 1 and 3 months after the surgery. To assess muscle strength,
the normalized coefficient (NC) was used, as the ratio of mus-
cle strength to body weight. Results. Before THA, according to
the NC assessment, no intergroup differences in muscle strength
were established in patients (p > 0.05). One month after THA,
the strength of the adductor group of the operated limb in group 11
was greater (p = 0.014) compared to group I, and the strength
of the flexors and extensors were significantly greater (p = 0.026)
in group I compared to group Il. No statistical difference was
found for the abductor group of muscles. After 3 months, the ab-
ductor muscle strength (p = 0.003) was greater in group I than
in group I, and the flexor muscle strength (p = 0.009) was greater
in group I than in group II. The adductor and extensor muscle
groups did not differ. NC of all muscle groups were significantly
lower than the contralateral limb for all patients after 3 months,
except for the extensor muscles in group I, where no difference
was found. Conclusions. The restoration of thigh muscle strength
in patients after total hip arthroplasty had a positive linear dy-
namics regardless of the surgical approach used during 3 months
of observation; however, there is asymmetry in the restoration
of the studied muscle groups.

YV nayienmis, sixi nompebyroms nposedenHs momanbHo2o eHOo-
npome3syeants Kynvuio6oco cyenoba (TEKC), cnocmepicaembcs
ampogis ma crabKicmv m’s3i6 cmesHa, Wo 6NIUSAE HA 30AMHICHb
niompumku pieHoeazu nio uac cmosintus i xo0vou. TEKC ycysae
nesHuil Oucoanranc pooomu Ms3ie, npome 3aCmMoOCO8aAHUIL Xipyp-
2IUHULE OCTYN MAKOHC MOMHCE BNIUBAMU HA OCOOTUBOCTT BIOHO6-
JIeHHs OKpemux epyn msa3ie cmezna. Memoou. Ilpoananizosaro
pe3ynemamu nikyeanusa 41 nayicnma, AKUM UKOHANU OOHOCHO-
ponne TEKC mooughikosarnum namepaivnum (I epyna) abo nps-
Mum nepeoHim xipypeiunum oocmynom (Il epyna). [o I epynu
ysitiwau 23 ocobu gikom 6i0 34 0o 74 poxis, 17 (73,9 %) uonosi-
Kie ma 6 (26,1 %) xcinok, a Il — 18 eikom 6i0 27 0o 75 poxis, 11
(61,1 %) uonosikie i 7 (38,9 %) oucinoxk. Bumipiosanu cuny msazie
cmezHa KOHMpAamepanbHoi ma 300posoi KinyieKu 3a 00nomo2oio
NPUCMPOIO HA OCHOBI CUTOBUMIPIOBATILHO20 MEH30DE3UCHIOPHO20
damuuxa SBA-100L oo TEKC, uepes 1 i 3 mic. nicisi 6mpyuanms.
Hna oyiniosanns cunu M’a3i6 GUKOPUCMOBYBANU HOPMATIZ06d-
nutl koeiyienm (HK), sax ¢ionowenns cuau m’a3ie 0o macu miud.
Pezynomamu. [{o nposedenna TEKC' y nayienmis 3a 0anumu oyin-
xku HK cunu m’azie miscepynosux 6iominHocmeti He 6CIMAHOBIEHO
(p > 0,05). Yepes micayw nicaa smpyuannua HK cunu npusionoi epy-
nu m’a3ie oneposarnoi Kinyisxu 6 epyni Il 6invwi (p = 0,014) ax no-
pigHamu 3 1, a NOKASHUKY CUTIU 32UHAYIB | PO32UHAIB OYIU 3HAYY U0
oinvwumu (p = 0,026) y epyni I nopisuano 3 1. /[ 6i06ionoi epy-
nu msa3i6 cmamucmudnol piznuyi ne susignero. Yepes 3 mic. nicas
TEKC HK cunu siogionux m’ssie (p = 0,003) 6invwi 6 epyni I1, nisic
6 1, a cunu 3eunanvrux (p = 0,009) manu Oinvwi 3HauenHs ¢ epyni
1, uioie y I1. [pynu npugionux m’a3ie i po3eunayieé He GIOPI3HAIUC.
HK cunu 6cix epyn Oyau 3nauyuje HUdICUUMU 30 KOHMPAAMEPAIbHy
KIHYI6KY 051 6CIX nayicnmie uepes 3 Mic., Kpim M 53i6-pO32UHaie
y epyni I, Oe pisnuyi ne suasneno. Bucnoexu. Bionoenenns cunu
MA3i6 cme2Ha 8 nayieHmia nicia eHOONPOme3y8ants KyIbUo8020
cyan0oa Mano nO3UMuUGHY JEHIIHY OUHAMIKY HEe3ANeHCHO 8I0 3ACmo-
COBAHO20 XipypeiuHo20 00CMYNY 81Npo00sic 3 Mic. cnocmepediceH-
HS, npome € acumempisi y GiOHOBNIEHHI OOCTIONHCYBAHUX M A308UX
epyn. Knrouosi cnosa. Cuna m’a3ie, Ms3u cmeeHa, eHOONpomesy-
BAHHSA KYIbUI0BO2O CYenoba, peabinimayis, MoOUikosanuil name-
PAnbHUTL OOCHYN, NPAMULL NePeOHili OOCHYN.
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Introduction

Hip osteoarthritis and aseptic necrosis of the fem-
oral head are associated with pain and significant
functional limitations. In the advanced stages of these
diseases, marked atrophy and weakness of the thigh
muscles develop, particularly of the abductor muscle
group, affecting patients’ ability to maintain balance
while standing and walking [1-3]. Muscle weakness,
rather than pain, is a factor that leads to impaired gait
biomechanics, manifested as limping, and over time
results in pelvic obliquity and functional limb short-
ening [4].

The main feature of degenerative and post-trau-
matic hip pathology is restricted joint mobility [5, 6],
which progresses with disease severity and causes
substantial loss of strength not only in the abduc-
tors but also in all lower limb muscles [7]. Avoid-
ance of loading the affected limb leads to overloading
of the contralateral limb, which may cause asymme-
try and, consequently, increased asymmetry in mus-
cle strength. At the same time, reliable evidence
regarding differences in thigh muscle size between
the affected and unaffected limbs in such patients
remains insufficient [8], although there is evidence
that muscle strength decreases together with reduced
muscle size [9].

Total hip arthroplasty (THA) ‘is an effective
surgical treatment method for the aforementioned
conditions and contributes to restoration of proper
thigh muscle function [10, 11]. Elimination of pain
and improvement of mobility have a positive effect
on functional recovery; however, prolonged disease
progression often causes irreversible muscle changes,
particularly in elderly patients. Such conditions re-
quire rehabilitation, often with an individualized
approach, aimed at restoring lower limb muscle
strength and endurance [7]. At the same time, recov-
ery of thigh muscles may differ depending on'the sur-
gical approach used [12], requiring further detailed
investigation.

Purpose: to identify the characteristics of normal-
ized thigh muscle strength recovery depending on
the surgical approach used (direct anterior or modi-
fied lateral) during total hip arthroplasty.

Materials and Methods

The study was conducted in accordance with
the principles of the Declaration of Helsinki. All pa-
tients provided informed consent for participation in
the study, which was approved by the Bioethics Com-
mittee Protocol No. 263 dated 04.05.2026, of the Pro-
fessor M.I. Sytenko Institute of Spine and Joint Pa-

thology of the National Academy of Medical Sciences
of Ukraine.

Patients

The treatment outcomes of 41 patients requiring
total hip arthroplasty at the Professor M.I. Sytenko
Institute of Spine and Joint Pathology of the Na-
tional Academy of Medical Sciences of Ukraine were
analyzed.

The patients were divided into two groups:

— Group 1 (HA) consisted of 23 patients aged
55.3 £ 11.9 years (range, 34-74 years), including
17 men (73.9 %) and 6 women (26.1 %). Surgery was
performed using the modified lateral approach (Hard-
inge approach — HA);

— Group II (DAA) comprised 18 patients aged
58.3 £ 10.5 years (range, 27-75 years), including
11 men (61.1 %) and 7 women (38.9 %). Surgery was
performed using the direct anterior approach (DAA).

No statistically significant differences were found
between the groups in terms of age (t(39) = —0.861;
p =0.395) or sex (y*> = 0.764; p = 0.382).

The mean length of hospital stay after THA was
13.6 + 3.0 bed-days in the HA group and 6.5 + 1.4 bed-
days in the DAA group; the difference was statisti-
cally significant (t(32.6) = 9.794; p < 0.001).

Dynamometry

Muscle strength was measured using a device
based on an SBA-100L strain gauge force sensor.
The study used the positioning scheme described by
V. Marks [13].

To assess muscle strength, the normalized muscle
strength coefficient (NC) was used, which was calcu-
lated according to the formula:

F
K = - X g,
where F is muscle strength (kg); m is patient body
weight (kg); g = 9.81 is the gravitational constant.

The standard examination protocol for pa-
tients with hip pathology included measurement
of the strength of the adductor (medial), abductor (lat-
eral), flexor (anterior), and extensor (posterior) mus-
cle groups. Patients were examined before surgical
treatment and at 1 and 3 months after surgery.

Considering that the patients differed in age
(27-75 years) and sex, muscle strength was assessed
using normalized strength coefficients adjusted for
demographic characteristics. Muscle strength coef-
ficients eliminate variability related to body weight,
sex, and age, making their assessment more objec-
tive. Although NC values differ between men and
women and decrease with age, the critical minimum
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functional norm (MFN) is considered to be a value
of 2. This represents the minimum level at which
pelvic balance can be maintained. Loss of balance is
manifested by a positive Trendelenburg test [14, 15].
A decrease in MFN below 2 leads to significant im-
pairment of balance, increased risk of falls, difficulty
walking, and other functional limitations.

Statistical methods

The Shapiro—Wilk test for data distribution
demonstrated a normal distribution in all samples.
Therefore, quantitative variables are presented as
mean values and standard deviations (M + SD), as
well as minimum and maximum values.

Comparisons between groups were performed us-
ing Student’s t-test for independent samples, with cal-
culation of the t-statistic, statistical significance level
(p), and Cohen’s d effect size coefficient with a 95 %
confidence interval (95 % CI). Comparisons between
two time points were performed using Student’s t-test
for paired samples, with calculation of the t-statis-
tic, statistical significance level (p), and the repeat-
ed-measures effect size coefficient (d_rm) with

a 95 % CI. In cases of high paired correlation values
(r=0.999), the effect size was assessed using Cohen’s
d_z coefficient for paired comparisons. Comparisons
between the operated and contralateral limbs were
performed using Student’s t-test for paired samples.

Considering  the presence of three observation
time points during muscle strength assessment by
dynamometry, a mixed analysis of variance (Mixed
ANOVA; group x time x side) was used to analyze
changes in strength parameters over time. Graphs il-
lustrating the dynamics of changes in muscle strength
parameters at different follow-up periods were gener-
ated for visualization of the results.

Differences were considered statistically signifi-
cant at p < 0.05. Statistical analysis was performed
using the R environment (R Foundation for Statistical
Computing).

Results

Before THA, no between-group differences were
identified in normalized muscle strength coefficient
values (p > 0.05) (Table 1). For the abductor muscle

Table 1
Assessment of the normalized thigh muscle strength coefficient before THA
Muscle group Normalized muscle strength HA (M + SD) / (min + max) DAA (M £ SD) / (min + max) Student’s t-test (t, p)
coefficient Cohen's d; [95 % CI]
. . 1.75+£0.44 1.63 £0.38 t=10.888; p=10.380
3 NCin coxarthrosis 0.96 + 2.41 1+2.6 d=0.27; [-0.35; 0.89]
2 NC of the contralateral 212+0.5 1.97+0.44 t=0,977; p= 0,335
_Lg) limb 1.26 -2.9 1.31 +3.12 d=0,3;[-0,32; 0,92]
fc’ AM; [95% CI] AM =-0.37; [-0.39; —0.34] AM =—-0.34; [-0.37; —0.31]
t,p t=-28.745; p < 0.001 t=-22.415; p <0.001 —
drm; [95 % CI] drm =-0.299; [-0.32; —0.278] | drm =-0.363; [-0.396; —0.33]
NC in coxarthfosis 1.67 £0.37 1.61 £0.32 t=0.56; p=0.579
- 1+2.25 0.98 +2.43 d=0.17; [-0.45; 0.79]
2 NC of the contralateral 2.03 £0.41 1.95+£0.35 t=10.688; p=10.495
é limb 133 +2.7 1.3+2.92 d=0.21; [-0.41; 0.83]
2 AM; [95% CI] AM =-0.36; [-0.38; —0.34] AM =-0.34; [-0.36; —0.31]
t,p t=-37.439; p <0.001 =-31.635; p < 0.001 —
drm; [95 % CI] drm =-0.6; [-0.635; -0.566] | drm =-0.634; [-0.677; —0.59]
NC in coxarthrosis 2.68 £ 0.54 2.58 £0.46 t=10.688; p=10.495
1.75 +3.57 1.72 + 3.85 d=0.21; [-0.41; 0.83]
5 NC of the contralateral 2.81+0.6 271 +£0.51 t=0,618; p=0,54
g limb 1.75 +3.77 1.72 +4.07 d=0,19; [-0,43; 0,81]
= AM; [95% CI] AM =-0.13; [-0.16; —0.1] AM = -0.13; [-0.16; —0.11]
t,p t=-9.726; p < 0.001 t=-10.778; p < 0.001 —
drm; [95 % CI] drm =-0.086; [-0.103; —0.069] | drm =-0.118; [-0.139; —0.096]
NC int coxarthrosis 2.53 +£0.48 2.42+042 t=0.766; p = 0.448
1.73 +3.35 1.7 +3.61 d=0.24; [-0.38; 0.85]
=
2 NC of the contralateral 2.99+0.6 2.87+0.51 t=0.697;p=0.49
g limb 1.96 +~3.98 1.92 +4.29 d=0.22;[-0.4; 0.83]
4 AM; [95% CI] AM =-0.46; [-0.51; —0.41] AM =-0.44; [-0.49; —-0.39]
t,p t=-18.316; p < 0.001 t=-19.014; p < 0.001 —
drm; [95 % CI] drm =-0.165; [-0.183; —0.147] | drm =-0.208; [-0.23; —0.186]
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group, a statistically significant difference in strength
was found between the affected and contralateral
limbs (t = 37.439; p < 0.001), accompanied by a me-
dium effect size (d_rm > 0.6). For the remaining mus-
cle groups, despite statistically significant differences
(p < 0.001), effect size coefficients remained close to
0.1, indicating that the observed differences lacked
clinical significance.

One month after THA, normalized muscle
strength coefficients of the contralateral limbs did not
differ between groups (p > 0.05) (Table 2). However,
differences were observed between groups in the re-
covery of thigh muscle strength in the operated limbs.
The NC of adductor muscle strength was higher after
the direct anterior approach compared with the lat-
eral approach (p = 0.014), and this difference was
supported by a large, clinically significant effect size
(d=-0.82).

No statistically significant difference was found
for the abductor muscle group (Table 2), which may
be explained by incomplete recovery from the preop-

erative persistent reduction in strength and by muscle
injury associated with the lateral approach, which ad-
ditionally reduces adductor muscle strength.

One month after THA, the NC of flexor mus-
cle strength was significantly higher (p = 0.026) in
Group I compared with Group II, and the difference
was supported by a clinically significant effect size
(d = 0.71) (Table 2). Similarly, the NC of extensor
muscle strength was significantly higher (p = 0.035)
in Group I than in Group II, with the effect size in-
dicating clinical significance (d = 0.67) (Table 2).
The lower muscle strength coefficient in Group II
may be explained by greater trauma to the flexor
muscles and restricted movement (often due to symp-
tomatic pain) during flexion and extension.

Three months after THA, no differences in NC
of the contralateral limb were identified between
the groups (p > 0.05) (Table 3). Differences between
the operated and contralateral limbs remained sig-
nificant for all muscle groups except the extensors in
Group I (p = 0.094). The clinical difference between

Table 2

Assessment of the normalized thigh muscle strength coefficient one month
after THA depending on the surgical approach used

Muscle group | Normalized muscle strength HA (M + SD) / (min + max) DAA (M £ SD) / (min + max) Student’s t-test (t, p)
coefficient Cohen's d; [95 % CI]

NC of the prosthetic 1.17£0.29 1.42 £0.32 =-2.575;p=0.014
- limb 0.67 + 1.61 0.9+2.26 d=-0.82; [-1.46; —0.17]
2 NC of the contralateral 243 +£0.57 2.27+0.5 t=0.977; p=0.335
_Lé limb 1.45+3.33 1.51 +3.59 d=0.30; [-0.32; 0.92]
2 AM; [95% CI] AM = -1.26; [-1.39; -1.14] AM = —0.85; [-0.94; —0.76]

t,p =-21.097; p < 0.001 =-19.984; p <0.001 —

drm; [95 % CI] drm =-0.129; [-0.141; -0.117] | drm =-0.188; [-0.207; —0.17]

NC of the prosthetic 0.97 +0.19 1.04 £0.18 =-1.162; p=0.253
- limb 0.64 +1.29 0.7+ 1.56 d=-0.36; [-0.98; 0.26]
2 NC of the contralateral 2.39 £0.57 2.31£0.48 t=0.493; p=0.625
é) limb 1.34 =3.25 1.31+3.5 d=0.15; [-0.47; 0.77]
2% AM; [95% CI] AM =-1.42;[-1.58; —-1.26] AM =-1.27; [-1.42; -1.12]

t,p t=-17.93; p <0.001 t=-18.294; p <0.001 —

drm; [95 % CI] drm =—-0.472; [-0.526; —0.417] | drm =-0.604; [-0.675; —0.533]

NC of the prosthetic 1.64 £ 0.33 1.43 +£0.25 t=2.318; p=0.026

limb 1.09 +2.18 097 +2.14 d=0.71; [0.07; 1.34]
g NC of the contralateral 2.87 £0.56 2.75+£0.48 t=0.733; p=10.468
'g limb 1.93 +3.81 1.89 +4.11 d=0.23; [-0.39; 0.84]
- AM; [95% CI] AM =-1.23; [-1.33; -1.13] AM =-1.32; [-1.43; -1.21]

t,p t=-25.392; p <0.001 t=-24.725; p <0.001 —

drm; [95 % CI] drm =-0.09; —[0.097; —0.083] | drm =-0.107; [-0.115; —0.098]

NC of the prosthetic 1.89 £0.37 1.66 = 0.29 t=2.178; p=0.035

limb 1.25+2.51 1.12+2.48 d=0.67;[0.03; 1.3]
=
2 NC of the contralateral 2.87+£0.86 2.8+0.7 t=0.281; p=10.78
g limb 1.21 +4.01 1.18 +4.32 d=0.09; [-0.53; 0.7]
& AM; [95% CI] AM =-0.98; [-1.2; -0.77] AM =-1.14; [-1.36; —0.93]

t,p t=-9.343; p <0.001 t=-11315p=0 —

drm; [95 % CI] drm =-0.474; [-0.579; —0.369] | drm =—0.738; [-0.884; —0.592]
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the limbs decreased, as indicated by a reduction in
the d rm value. A noticeable difference between
the limbs remained for the abductor and adductor
muscle groups (Table 3). Depending on the surgi-
cal approach used, the most pronounced difference
among all muscle groups was observed in the NC
of abductor muscle strength (p = 0.003). Specifically,
this value was higher in Group II than in Group I,
with a strong clinical effect (d = —1.03). The NC
of flexor muscle strength (p = 0.009) was higher in
Group I than in Group I, with a clinically significant
effect (d = 0.83).

To better understand muscle strength recovery,
changes in strength from baseline to the 3-month
postoperative assessment were analyzed (Table 4).
Mixed ANOVA did not reveal differences between
the study groups (p > 0.05) (Table 4). A statistically
significant time effect was identified for all muscle
groups (p < 0.001), indicating changes in muscle
strength during rehabilitation. A significant side ef-

fect was also found (p < 0.001), confirming differ-
ences between the prosthetic and contralateral limbs.

For all muscle groups except the extensors, signifi-
cant interactions of group X time, group X side, time
x side, and group X time X side (p < 0.001) indicate
substantial differences in the dynamics of recovery
between surgical approach groups and between the
prosthetic and contralateral limbs. The graph illus-
trating changes in normalized muscle strength coeffi-
cients is presented in Figure 1.

One month after THA, active physical rehabili-
tation was initiated. To evaluate the effectiveness
of the rehabilitation program, the parameters between
the l-month and 3-month follow-up assessments
were compared (Table 5). The results demonstrated
a statistically significant increase (p < 0.001) in nor-
malized muscle strength coefficients for all muscle
groups in both patient groups (Table 5).

The NC of both’adductor muscle strength and
extensor muscle strength increased similarly in
groups with different surgical approaches (p = 0.506;

Table 3

Assessment of the normalized thigh muscle strength coefficient 3 months

after THA depending on the surgical approach used

Muscle group | Normalized muscle strength HA (M + SD) / (min + max) DAA (M + SD) / (min + max) Student’s t-test (t, p)
coefficient Cohen's d; [95 % CI]

NC of the prosthetic 173 £0.47 1.95+0.47 t=-1.448; p=0.156
- limb 0.89 +2.41 1.11 +3.12 d=-0.46; [-1.08; 0.17]
2 NC of the contralateral 2.46 £0.57 2.29+0.5 t=0.992; p=0.328
_"é limb 1.48 +3.37 1.54 +3.63 d=0.31; [-0.32; 0.93]
2 AM; [95% CI] AM =-0.73; [-0.78; -0.68] AM =-0.34; [-0.38; —0.31]

t,p =-29.207; p <0.001 =-19.428; p < 0.001 —

drm; [95 % CI] drm =~0.587; [-0.63; —0.544] | drm =—-0.614; [-0.683; —0.546]

NC of the prosthetic 1.52 +£0.38 1.95 +0.47 =-3.19; p=0.003
- limb 0.86 ~2.09 117 +3.12 d=-1.03; [-1.68; —-0.37]
2 NC of the contralateral 2.41 +£0.58 242+0.5 =-0.050; p=10.96
é limb 1.34 =3.28 1.38 +3.67 d=-0.02; [-0.63; 0.6]
é AM; [95% CI] AM =—-0.89; [-0.99; —0.8] AM =-0.47; [-0.55; —-0.39]

t,p t=-19.054; p < 0.001 t=-11.922; p < 0.001 —

drm; [95 % CI] drm =-0.762; [-0.852; —0.672] | drm =-0.908; [-1.088; —0.728]

NC of the prosthetic 2.56 £0.57 2.15+0.38 t=2.77,p=10.009

limb 1.53 +3.45 1.45+3.21 d=10.83;[0.18; 1.47]
g NC of the contralateral 2.90 £0.57 2.78 £0.49 t=0.718; p=0.477
'g limb 1.93 +3.85 1.89 = 4.15 d=0.22;[-0.4; 0.84]
= AM; [95% CI] AM =-0.33; [-0.36; —0.31] AM =-0.63; [-0.68; —0.58]

t,p t=-28.135; p < 0.001 t=-24.722; p <0.001 —

drm; [95 % CI] drm =-0.56; [-0.603; —0.518] | drm =-0.05; [-0.054; —0.046]

NC of the prosthetic 2.78 £0.63 2.45+0.54 t=1.818; p=0.077

limb 1.67 +3.99 1.46 ~3.92 d=0.56; [-0.07; 1.19]
=
2 NC of the contralateral 2.90 +0.87 2.83+£0.71 t=0.276; p=0.784
g limb 1.21 +4.05 1.18 ~ 4.37 d=0.08; [-0.53; 0.7]
& AM; [95% CI] M =-0.12; [-0.26; 0.02] AM =-0.38; [-0.51; —-0.26]

t,p t=-1.753; p=0.094 t=-6.336; p <0.001 —

drm; [95 % CI] drm =-0.105; [-0.222; 0.013] | drm =-0.425; [-0.562; —0.287]
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Fig. 1. Dynamics of changes in the normalized thigh muscle
strength coefficient during the 3-month follow-up period after
THA depending on the type of surgical approach

p = 0.223) at 3 months compared with 1 month after
surgery (Table 6). A significantly greater increase in
the NC of abductor muscle strength between 3 months
and 1 month after THA was observed in Group II
compared with Group I (p <0.001) (Table 6).

Flexor muscle strength in the lateral approach
group increased significantly more at 3 months
after THA than in the anterior approach group
(p = 0.002) compared with the first postoperative
month (Table 6).

Discussion

According to the literature, a substantial reduction
in muscle strength throughout the operated limb is
commonly observed during the first 8 days after total
hip arthroplasty [16, 17].

Table 4

Results of mixed analysis of variance (Mixed ANOVA) of patients’ normalized muscle strength coefficients
Muscle group Edexr num_df den df MSE F "’ p_value
Group 1.00 39.00 1.2596 0.02 0.0005 0.8856

Time 1.140 4430 0.0072 468.01 0.0702 <0.001

£ Group x time 1.140 44.30 0.0072 43.40 0.0070 <0.001
g Side 1.004 39.00 0.0262 974.00 0.3336 <0.001
z Group x side 1.004 39.00 0.0262 43.84 0.0220 <0.001
Time x side 1.110 43.25 0.0103 470.96 0.0954 <0.001

Group x time x side 1.110 43.25 0.0103 40.54 0.0090 <0.001

Group 1.000 39.00 0.9594 0.14 0.0033 0.7063

Time 1.030 40.32 0.0216 294.76 0.1372 <0.001

g Group x time 1.030 40.32 0.0216 42.20 0.0223 <0.001
g Side 1.000 39.00 0.0494 768.50 0.4779 <0.001
< Group x side 1.000 39.00 0.0494 12.0279 0.0141 0.0013
Time x side 1.440 56.14 0.0219 329.31 0.2006 <0.001

Group x time x side 1.440 56.14 0.0219 13.49 0.0102 <0.001

Group 1.004 39.00 1.4236 1.37 0.0329 0.2483

Time 1.110 43.10 0.0174 642.93 0.1769 <0.001

g Group x time 1.110 43.10 0.0174 1371 0.0046 <0.001
% Side 1.001 39.00 0.0184 1302.29 0.2944 <0.001
2 Group x side 1.001 39.00 0.0184 13.73 0.0044 <0.001
Time x side 1.340 52.26 0.0098 1050.12 0.1941 <0.001

Group x time X side 1.340 52.26 0.0098 17.52 0.0040 <0.001

Group 1.000 39.00 2.0505 0.72 0.0160 0.4072

Time 1.230 47.84 0.0474 160.23 0.0951 <0.001

5 Group x time 1.230 47.84 0.0474 1.31 0.0009 0.2667
§ Side 1.003 39.00 0.1204 174.34 0.1916 <0.001
5 Group x side 1.003 39.00 0.1204 2.34 0.0032 0.1343
Time x side 1.453 56.603 0.0291 172.13 0.0758 <0.001

Group x time x side 1.453 56.603 0.0291 4.66 0.0022 0.0221
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Table 5

Change in the normalized muscle strength coefficient of the prosthetic limb
between the first and third months of follow-up after THA

Muscle group G 1 month M+ SD | 3 months M= SD AM[95 % CI] Lp Cohens_dz [95 % CI]
dduction LA 1174029 1.73£047 | 0.56;[0.49;0.64] | t=14.971;p<0.001 | —3.12; [-4.12; 2.11]
DDA 1424032 | 195+047 | 0.53;[0.450.61] |t=14:546;p <0.001 |  —3.43; [-4.65;2.19]
Abduction 1A 097+0.19 | 1.52+038 | 0.55[0.47;0.63] | t=13.757;p<0.001 | ~2.87;[-3.80;-1.93]
DDA 1.04+0.18 195+ 047 | 0.91;[0.76; 1.06] | t=12.950;p<0.001 | -3.05; [-4.16; ~1.93]
‘ HA 1644033 | 2.56+0.57 | 0.92;[0.81;1.03] | t=17.544;p<0.001 | —3.66; [-4.80; —2.50]
Flexion DDA 143025 | 215+038 | 0.72;[0.650.78] | t=23.896;p < 0.001 ~5.63; [7.56; -3.70]
encion LA 1894037 | 278+0.63 | 0.89;[0.77;1.02] | t=14743;p<0.001 | -3.07; [-4.06;2.08]
DDA 1.66+0.29 | 245+0.54 | 0.79;[0.67:091] | t=13.511;p=<0.001| -3.18; [-4.33;-2.02]

Table 6

Comparison of changes in normalized muscle strength of the prosthetic limb
between the first and third months of follow-up after THA

Muscle group Surgical approach group (AM / min + max) Difference between mean t,p
; i changes A(AM [95 % CI] Cohen_dz [95% CI]
Adduction 0.56 +0.18 0.53+0.15 0.04 t=0.671; p=10.506
0.22+0.8 0.21 +0.87 —[0.07; 0.14] 0.207; [-0.413; 0.824]
Abduction 0.55+0.19 091 +0.3 -0.36 t=-4.492; p <0.001
0.22+0.8 047+ 1.57 [-0.53; -0.2] —-1.49; [-2.182; —0.783]
Flexion 0.92 +£0.25 0.72+£0.13 0.20 t=3.389; p=0.002
0,44 +~ 1,27 0.48 +1.07 [0.08; 0.33] 0.99; [0.33; 1.639]
Extension 0.89+0.29 0.79 £ 0.25 0.10 t=1.239;p=0.223
042 +1.47 0.34 + 1.44 [-0.07; 0.27] 0.382; [-0.243; 1.002]

From approximately the sixth postoperative week,
a significant increase in thigh muscle strength occurs;
however, the extent of recovery may differ depend-
ing on the surgical approach [16]. At 1 month after
THA, flexor and extensor muscle strength decreases
by approximately 15 %, while abductor and adductor
muscle strength decreases by 25-27 % [16] due to
surgical trauma [17].

The abductor muscles, particularly the gluteus me-
dius, are more extensively damaged during the lateral
approach than during the anterior approach, which
determines subsequent differences in their recovery.
In a prospective study comparing three surgical ap-
proaches (lateral, anterior, and posterior), patients
who underwent the anterior approach demonstrated
greater muscle strength 6 weeks after surgery com-
pared with those who underwent the lateral ap-
proach [16]. At the same time, abductor strength
of the operated limb did not recover to the required
level even 1 year after THA in patients treated with
the lateral approach, whereas complete recovery af-
ter the anterior approach was observed at 3 months
[12, 16]. These findings for the anterior approach are
consistent with our results.

In the study by J. S. Christensen et al. [18], patients
undergoing the direct anterior approach demonstrated
stronger abductor muscles at week 10 compared with
patients who underwent the posterior approach.

For hip abductor muscles, the literature describes
approximate threshold values of the normalized
strength coefficient (around 2), which may be asso-
ciated with the ability to maintain pelvic stability
in the frontal plane [14, 15]. In our study, this con-
dition was nearly achieved in the anterior approach
group, where the NC of muscle strength was 1.95,
whereas it remained slightly lower in the lateral ap-
proach group. This may indicate a tendency toward
better functional recovery of the abductor muscles in
the anterior approach group. In the lateral approach
group, this value was slightly below 2, indicating
poorer balance support, as the abductor muscles play
an important role in frontal plane stability. At the
same time, in both groups before surgery, normalized
coefficient values were below the mentioned level,
which is consistent with data demonstrating a marked
deficit in abductor muscle strength in patients with
hip osteoarthritis [10]. It is also known that the initial
condition of the muscles is directly associated with
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functional outcomes after THA and consequently af-
fects the rate of rehabilitation [19, 20].

According to our results, after 1 month, the op-
erated limbs in groups with different surgical ap-
proaches differed in the strength parameters of the
adductor muscles, extensors, and flexors, whereas af-
ter 3 months, differences were observed in the abduc-
tors and flexors. During postoperative recovery, an
increase in the strength of the adductor muscles and
extensors was observed in patients from both groups.
In the lateral approach group, no differences between
the operated and contralateral limbs were detected for
the extensor muscle group after 3 months, indicating
achievement of interlimb symmetry for this muscle
group. At the same time, the anterior approach group
demonstrated more pronounced improvement in ab-
ductor muscle strength, whereas the lateral approach
group showed greater improvement in flexor muscle
strength. Overall, complete functional recovery was
not achieved in either group within 3 months, as in-
dicated by the persistence of asymmetry in the other
investigated muscle groups.

Conclusions

Recovery of thigh muscle strength in patients af-
ter total hip arthroplasty demonstrated positive linear
dynamics regardless of the surgical ‘approach used
during the 3-month follow-up period.

The pattern of recovery of individual muscle
groups depended on the surgical approach. With
the direct anterior approach, more pronounced in-
creases in the strength of the lateral thigh muscle
groups (abductors and adductors) were observed;
however, recovery of flexor muscle strength was
somewhat delayed during the postoperative period.
In patients who underwent the modified lateral ap-
proach, flexor muscle strength recovered more rap-
idly, whereas recovery of the lateral muscle groups
(abductors and adductors) was slower.

Thus, both surgical approaches provide overall
improvement in muscle strength 3 months after to-
tal hip arthroplasty; however, differences exist in the
rate of recovery of individual muscle groups. With
the anterior approach, lateral hip stabilizers recov-
ered more rapidly, whereas with the lateral approach,

flexor muscles demonstrated faster recovery.
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