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Long existing hip arthritis is accompanied by the development of
pain and contractures that cause contractile muscle spasm, reduc-
tion in the length of the adductor muscles and flexors of the thigh,
relative overstretching of the abductor muscles, which over time
leads to changes in their structure. The result is weakness of the
pelvic muscles, the clinical manifestation of which is a violation
of postural balance — lameness, torso tilts while walking, chang-
es in pelvic position, etc. Objective. To determine the effect of the
hip joint adduction contracture on the ability to maintain balance
standing position with mathematical model. Methods: mathemati-
cal model is worked out that represents the pelvis with the thigh and
the vectors of action of the adductor and abductor muscles. The
muscular effort required to maintain body balance during one-leg
standing was normal and the hip position was set at 5° and 10°.
Calculations were performed for patients weighing 70; 100; 120 kg.
Results. It is determined that at the adduction contracture in 5°
m. gracilis, m. add magnus, m. piriformis are not able to perform
the functions of maintaining body balance due to the necessity to
develop greater efforts than their maximum possible, even at the
minimal patient's weight. If the patient's weight exceeds 120 kg, then
almost the entire muscular system of stabilization of the thigh works
beyond its capabilities. The adduction contracture of 10° increases
the required force of the thigh stabilizer muscles. The absolute val-
ues showed an increase in their strength indicators. Conclusions.
The adduction contracture of the hip joint causes a change in the
biomechanical conditions of the pelvic muscles due to changes in
the angles of action of the abductor muscles, reducing the effective-
ness of their work to stabilize the pelvis. As the angle of adduction
contracture increases, there is a tendency for the pelvic muscles
to work effectively. An additional factor that negatively affects this
indicator is the patient's overweight. Key words. Postural balance,
hip abductors and adductors muscles, mathematic model.

Tpusanuii nepebic KOKcapmposy CYnpo8OONCYEMbCA PO3CUM-
KoM 001068020 CUHOPOMY MA KOHMPAKMYP, AKI CRPULUHIOIOMb
KOHMPAKMUNLHULL CRA3M M 318, 3MEHULEeHHA 008AHCUHU NPUBIO-
HUX MA316 [ 32UuHauie cmeeHd, 8iOHOCHe Nepepo3msacHenHsl 8i0-
BIOHUX MA316, WO 3 NAUHOM YACY NPU3BOOUMb 00 3MIH IXHbOT
cmpykmypu. Hacniokom yvozo € crabricme m’s3i6 mazosoeo
nosica, KiiHiYHUM NPOABOM AKOI € NOpYuleHHs NOCMYPAIbHO20
banancy — Kyaveagicms, Haxuau mynryoa nio uac xoovbou, 3mi-
Ha cmaHosuwa maza mowo. Mema. Ha mamemamuuniii mo-
oeni BU3HAUUMU GNAUE NPUBIOHOI KOHMPAKMYPU KYIbULOBO2O
cyenoba na 30amuicme niOMPUMKU PI6HOBA2U NIO 4AC CIMOHHSL.
Memoou. Cmeopeno mamemamuyny mooens, AKa npedcmasisie
mas 3i CmMeeHo80I0 KiCmMKOW0 ma eexmopu Oii npugionux i 6io-
GIOHUX MA3I8 cmeeHa. Busnauanu m’sa306i 3ycuiiis, HeoOXioOHi
015 NIOMPUMKU PI6HOBA2U MINA NIO 4AC 0OHOONOPHO20 CMOSIH-
HA 6 HOpMI ma 3a HasAeHOcmi ycmanosxku cmeena 6 5° i 10°.
Pospaxynxu suxonysanu ons nayienmie eazoro 70; 100; 120 xe.
Peszynomamu. Busnaueno, wjo 3a npusionoi konmpaxmypu 6 5°
m. gracilis, m. add magnus, m. piriformis ne 30amui UKoOHy8a-
mu @yHKyii 3 niompumxu pienosacu miia yepes HeoOXiOHICMb
po38usamuy 3yCUNLIsL OLIbWI, HINHC IXHI MAKCUMATILHO MONCIUBI,
Hagimv 3a MiHiManbHoOi 6aeu nayicnma. Axwo eaza x6opo2o
nepesuwye 120 ke, mo npakmuuno 6csi M’s1306a cucmema cma-
Oinizayii cmeesHa NPayOe 3a MeACam BILACHUX MOJICITUBOCTELL.
Ipusiona xonmpaxmypa ¢ 10° npuzeooums 00 30i1bUICHHS
HE0OXIOH020 3YCUNLISL M A3I6-cmabinizamopie cmeena. 3a abco-
JIOMHUMU 3HAYEHHAMU BCINAHOBIEHO 30INbUEeHHA IXHIX CUNIOGUX
nokasuuxie. Bucnosxu. Ilpugiona konmpakmypa Kynibuio8020
cy2noba CnpuyuHIoe 3MIHY OIOMeXaHIUHUX YMO8 pobomu m 1316
Mmazo802o nosca yepe3 3MIiHy Kymie Oii cui 8i08iOHuUx M’A3i6
cmeeHa, 3HUdCEHHS eeKmusHocmi ixHvoi pobomu 3i cmaoi-
nizayii masa. 3i 36inbwennaM Kyma npugionoi KOHmpaxkmypu
nPOCMedACYEMbCs MeHOeHYis 00 No2ipulents yMog eQekmusHoi
pobomu msa3ie mazoeoeo nosica. JoOamkogum YUHHUKOM, SKUU
He2amusHO 6NIUSAE HA Yell NOKAZHUK, € HAOMIPHA 6a2a NayieH-
ma. Kmouosi cnosa. [locmypanvruii 6anauc, 6i08ioHi ma npusioHi
MA3U CMe2Ha, MameMamuiHa MoOeb.
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Introduction

Prolonged coxarthrosis is almost always accom-
panied by the development of pain and abducting-ad-
ducting contracture of the hip joint, which adversely
affects the outcome of arthroplasty. Prolonged pain
and contracture of the hip joint lead to contractile
muscle spasm, reduction in the length of the adduc-
tor and abductor muscles of the thigh, relative over-
stretching of the abductor muscles, causing a decrease
in their elasticity and contraction, and structural
changes and significant loss of strength of the ab-
ductor muscles over time. This results in weakness
of the pelvic girdle muscles with such clinical mani-
festation as postural imbalance — lameness, torso tilt
while walking, changes in pelvic position, and so on.

One of the characteristic consequences of long-
term coxarthrosis is failure of pelvic girdle muscles,
which makes it impossible to maintain a horizontal
balance of the pelvis. This principle of maintaining
the horizontal balance of the pelvis is the basis for
building a model of pelvic girdle muscles: the mo-
ment of strength of the pelvic floor stabilizers should
balance the moment of gravity [1-3].

In recent years, there has been increasing informa-
tion on the effects of hip contracture on muscle func-

Fig. 1. Scheme of the physical model. Vectors indicate muscle
strength: £, — m. piriformis; F> — group of muscles: m. gluteus
medius, m. gluteus minimus, m. tensor fasciae latae; F; —
m. iliacuspsoas major; F, — m. sartorius; Fs — m. rectus
femorisy Fs — m. gluteus maximus; F; — m. gracilis; Fs —
m. pectineus; Fo — m. add longus; Fjo— m. add brevis; F;; —
m. add magnus; P — body weight

tion [4—7]. These data are clinical in nature and need
to be generalized and scientifically substantiated.

The aim of the study was to determine the in-
fluence of the drive contracture of the hip joint on
the mathematical model on the ability to maintain
balance while standing.

Material and methods

To study the function of maintaining pelvic ba-
lance during single-support standing in the conditions
of drive contracture of the hip joint, a mathematical
model was improved [8], which reflected the pel-
vis with the femur and vectors of muscles of two
groups: abductor and adductor muscles of the thighs
in the frontal plane (Fig. 1).

A calculation scheme was constructed on the basis
of the proposed model (Fig. 2). It reflects the action
of forces on the pelvic girdle of a person in the fron-
tal plane and is presented in the form of a horizon-
tal beam mounted on a movable hinge (as pharmacy
scales). The weight of the body along with abductor
and adductor muscles act at both ends of the beam
with the task of maintaining the beam in balance.

Data on the magnitude of muscle strength involved
in the model, as well as the magnitude of the shoul-
ders and angles of their action were selected accord-
ing to M. R. Carhart [9] and summarized in the table.

In the simulation process, the muscular effort re-
quired to maintain body balance while standing in
a normal position and with a 5° and 10° adductor po-
sition was determined. Calculations were performed
for patients weighing 70; 100; 120 kg.

Results and discussion

According to the laws of mechanics, a system
is considered balanced if the sum of all moments
of forces acting on it is equal to 0:

SM=0 )

Fig. 2. Calculation scheme
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Let us provide the equilibrium equation for our
system (Fig. 2). Equilibrium conditions of moments:

M(P) = M(F,) — M(F;) — M(F;) — M(F,) -

— M(Fy) — M(F) — M(F;) - M(Fy) - M(F,) -

—M(Fy) - M(F,;)=0 @
or

oP — dF, coso — cF, cosp — dF; cosy —

— bF, cosp — dF5 cos¢ — cFs cosO +

+ gF; cose + gFg cosn + hFy cosA +

+ hFy cosu + gFy; cosd =0 3)
or

oP = bF; cosa + cF, cosp + eF; cosy +

+ bF, cosp + dFs cos¢ + cFs cos6 —

— gk, cose — gFy cosn — hIFy cosi —

— hFy cosy — gF'; coso, (@)
where a, b, ¢, d, e, g, h — are the levers of the respec-
tive muscles.

Substitute the values of the levers and the angles
of action of muscle forces from Table 1 in the equa-

to develop efforts greater than their maximum pos-
sible, even at the minimum weight of the patient. If
the patient weighs more than 120 kg, almost the en-
tire muscular system of stabilization of the thigh is
forced to work beyond its capabilities.

Increasing the angular contracture angle of the hip
joint to 10° results in an even greater increase in
all the thigh stabilizer muscles needed to maintain
single-support body balance. For a clearer compari-
son of the magnitude of these efforts, the results
of the calculations are presented in the form of a diag-
ram (Fig. 4).

As shown in the diagram, as the value of the ad-
ductor contracture of the hip joint increases to 10°,
the nature of the changes in muscular effort required

Table
The magnitude of traction force of the muscles involved in pelvis
stabilization, and the magnitude of the force application levers

tion (4) Group | Force Muscles Max. strength, ]Fever of . Ang(lle of
N N orce, m orce, degree
— o o
0,07P = 0,04F, cos 70° + 0,03F, cos 30° + F, | piriformis 296 0.04 70
+ 0,01F; cos 20° + 0,04F, cos 20° + utons medi 1365
+ 0,02F5 cos 5° + 0,03F; cos 10° — glu cus medis
— 0,037 cos 80° — 0,03F cos 5° — F, r%l?rfrl:lsus 385 12105 | 0.03 30
—0,05F, cos 55° — 0,05F,, cos 50° — . tensorfascias
—0,03F}; cos 85° ®) *§ latae 155
or S ..
3 iliacuspsoas
0,07P = 0,038F, + 0,015F, + 0,003F; + < |5 | major 800 0.01 20
+0,014F, + 0,02F; + 0,05F; — 0,03F — . F, |sartorius 104 0.04 20
—0,003F; — 0,041, — Q’O38F10 —0,03F7;. ©) Fs rectus femoris 779 0.02 5
The results of calculations for the adductor con- aluteus
tracture of the hip joint of 5°, namely: the magnitude Fs | haximus 1296 0.03 10
of muscle strength rc?qui.red to maintain balance in its F, | Gracilis 110 0.03 80
presence are shown inFig. 3. 5 [F [ Pectineus 7 om | s
§ shown 1.n.t e 12gram, t ¢a uctor contr'a.c- § F, | Add Longus 120 0.05 s
ture of the hip joint of 5° causes failure of m. gracilis, < :
.. . < | F)y | Add Brevis 285 0.05 50
m. add magnus, m. piriformis to carry out the func-
tions of maintaining body balance, as they are forced Fu_| Add Magnus 1100 0.03 85
2000 2000
1500 1500
1000 1000
| | | Fy F, Fu F .
Z = ‘ < | F; ] 9 10 11 z I I i {
i 0 il I ... l R |I Iy I & | l ..... I | }:7_-' |F'8I II:} II:ILU Fin
S0 TP RoR F” | S0 B P F F F F I ™ |
=5 =~
~1000 ~1000
~1500 ~1500
Muscles Muscles
mmaxm70 kgn 100 kgm 120 kg mmax 870 kg #100 kg 120 kg

Fig. 3. Diagram of the magnitude of muscle force required to
maintain pelvic balance in the presence of adductor contracture
of the hip joint of 5°

Fig. 4. Diagram of the magnitude of muscle force required to
maintain pelvic balance in the presence of a adductor contracture
of the hip joint of 10°
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to maintain body balance remains the same as at 5°
adduction. But the absolute values determine the in-
crease in strength for all thigh stabilizers.

Taking into account a certain conditionality
of the developed model, it should be noted that the re-
sults indicate a clear tendency to deteriorate the con-
ditions of efficient muscle function with increasing
adduction contracture of the hip joint. At the same
time, the efficiency of the abduction mechanism
of the hip joint decreases, which has clinical mani-
festations in the form of lameness, torso tilts while
walking, pelvic tilts and the like. The pelvic girdle
model used has a number of limitations, namely that
it is static and does not take into account the com-
bined work of the antagonist muscles — abductors
and adductors. But it works and allows to identify
certain trends. In particular, different muscles react
differently to changes in their working conditions,
which can lead to a certain clinical picture.

A very important factor that negatively affects
the maintenance of the efficiency of the abduction
mechanism of the hip joint is the decrease in func-
tional activity and absolute strength of the abductor
muscles. We did not take this factor into account in
the presented model, but our previous work shows
this [10]. This factor (reduction of absolute musc-
le strength in the case of long-term coxarthrosis)
should not only be taken into account when per-
forming hip arthroplasty, but, if possible, eliminate
it before surgery.

Conclusions

Adduction contracture of the hip joint chan-
ges the biomechanical conditions of the pelvic gir-
dle muscles due to changes in the angles of action
of the abductor muscles of the thigh, which reduces
the effectiveness of their work to stabilize the pelvis.
As the angle of adduction contracture increases, there
is a tendency for the conditions of efficient muscle

function to deteriorate. An additional factor that nega-
tively affects the effective functioning of the pelvic

girdle muscles is the overweight of the patient.
Conflict of interest. The authors declare no conflict of
interest.
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