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Aims
Aim of the study: to conduct a comprehensive analysis of the morphofunctional state of the lower ex-
tremities in patients with idiopathic coxarthrosis stage I11.

Materials and methods

In this study, 25 patients with idiopathic coxarthrosis stage III received static-dynamic examination
using the hardware-software complex DiaSled-Scan (Saint Petersburg) for recording, displaying, and pro-
cessing of information about the pressure distribution dynamics between the foot and the support surface.
Dynamometric studies were performed using dynamometers, and US scanning — with the device HITACHI
HI Vision Avius.

Results

It was found that echo-signs of atrophy in the region of m. gluteus maximus and m. adductor longus were
most pronounced in the affected segment and compared to the contralateral segment. It is demonstrated that
the structural and functional parallels by ultrasound and dynamometric data are unidirectional. Moderate
structural changes affected the anterior femoral muscles, with well-differentiated intermuscular septa and
bundles of muscle fibres on the affected and contralateral segments. These criteria indicate the presence of

reserve capacities of the anterior femoral muscles for rehabilitation.

Conclusions

Structural and functional parallels by ultrasound and dynamometric data are unidirectional. Decrease in
the functional activity of all muscles involved in a locomotor act was a determining factor in the locomotor
stereotypes, with recording of compensatory movements of the body frame when walking.
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INTRODUCTION

The core clinical criteria for evaluating
the functional status of idiopathic coxar-
throsis patients are related to the qualita-
tive and quantitative aspects [1, 2] of the
integrated biomechanical descriptor of their
pathology [1, 2]. Reduced hip joint mobil-
ity reduces the dynamometric capacity of
the muscles and lowers the amplitude and
speed of spatial limb movements; the con-
dition affects the balance and de-optimizes
the walking movements, it alters the pos-
ture and inertia of the lower limb and its
segments. A characteristic gait appears, in
which the torso is tilted towards the affected
hip joint [3].

The nociceptive effects of the affected
joint inhibit the peripheral part of the neu-
romotor system in both the affected and the
intact limb. Normal functioning of the hip
joint greatly depends on the muscles around
it: the gluteal and the thigh muscles that
function as extra shock absorbers when the
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person is exercising (walking, running, or
jumping) and “deliver” blood to the joint
vessels. Muscular pathology affects the
joint as well [4].

The literature review did not find any
studies that would comprehensively assess
the structural condition of bone and carti-
lage tissue, the contractibility of thigh mus-
cles, and the locomotor activity in Stage I1I
idiopathic coxarthrosis patients.

Research Goal. Comprehensive state-
of-the-art diagnostic analysis of the mor-
phofunctional status of lower limbs in Stage
111 idiopathic coxarthrosis patients.

MATERIALS AND METHODS

Twenty-five Stage III idiopathic coxar-
throsis (IC) patients (13 women, 12 men,
aged 52 to 75) underwent a comprehensive
outpatient examination. The research was
based on Kosinskaya’s classification [5].
Limbs of the IC patients were compared
in the context of their clinical X-ray sta-
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tus, where the affected limb was the one
scheduled for hip replacement, while the
contralateral one was deemed conditionally
intact. Static and dynamic readings of the
foot ground reaction force were provided
by a DiaSled Scan device (St. Petersburg,
Russia) [6]. Dynamometric tests were run
using a device designed by the Ilizarov
Center [7]. The readings were: the moment
of force found by the indicator head of the
dynamometer, and the distance L from the
rotational axis of the hip (for hip flexors,
extensors, adductors, abductors) and from
the rotational axis of the knee (for the tibi-
al flexors and extensors) to the midpoint of
the belt grip. The obtained dynamometry
readings were compared to the previously
published normative data [7]. Echography
was performed using a linear sensor on
a Hitachi Hi Vision Avius device at 5 to
12 MHz. Upon placing the sensor along
the femoral neck, movable markers were
used to measure the thickness and analyze
the structure of m. iliopsoas. Scanning the
medial surface of the thigh assessed m.
adductor longus, while the lateral surface
scan tested m. gluteus medius. M. gluteus
maximus tests were run as patients lied
on a side and flexed the tested limb in the
hip and in the knee to 90°; the sensor was
placed between the gluteal tuberosity and
the greater trochanter of the femur. The ul-
trasonography data was compared against
that of a control group (n=13, 7 men and
6 women) of the same age, in whom X-
ray identified no hip pathology. Microsoft
Excel 2000 and AtteStat were used for
statistical processing. The quantitative
characteristics of sample aggregates are
presented in the respective tables in the
form of a median with a level of 25-75%
of the percentages and the number of ob-
servations (n) equal to the number of joints
surveyed. The readings were processed by
variation statistics methods applicable to
small samples; the significance threshold
was p<0.05. The Wilcoxon test was used
for significance testing. Coxarthrosis stag-
es were verified by X-ray.

The study protocol followed guidelines
for experimental investigation with human
subjects in accordance with the Declaration
of Helsinki and was approved by the ethics
committee. Written informed consent was

24

obtained from each patient (or an official
representative) before the study.

RESULTS

Pronounced degenerative and dys-
trophic changes of the hip in Stage III IC
patients, as well as the pain syndrome, do
alter the muscular functions related to lo-
comotion and posture, which changes the
biomechanical and EMG patterns of gait
and standing upright [8]. It is the reduced
ability to keep balance while walking and
the reduced compensatory capabilities that
define the locomotion stereotype of foot
ground reaction force (GRF) in IC pa-
tients. In all patients, the affected limb was
subject to lesser load, resulting in moder-
ate (up to 25%) asymmetry of foot loads
while idling or walking; the walking pace
was greatly reduced, as podograms showed
1.5 to 2.0 times longer-than-norm step cy-
cles symmetrically on both sides, while the
double-support stage of the step cycle was
2.0 to 3.0 times longer than the norm. Both
limbs had reduced joint movement ampli-
tude and limited GRF, whereby the balanc-
ing and shock-absorption functions of the
lower limb were affected. A lower load on
one of the limbs with a more pronounced
pain syndrome induced readable asymme-
try of the temporal and force parameters of
the step cycle; the muscles involved in lo-
comotion were functionally impaired, and
the patients performed compensatory body
movements while walking, see Figure 1.

Asymmetric walking (1) with a right-
side emphasis. Asymmetric temporal step
parameters, Sin>Dex. The trough was
smoothed (2) bilaterally; the ground reac-
tion force was limited by the reduced flex-
ion of proximal joints; the lower limb had
areduced shock-absorption function. Com-
pensatory reduction in sinistral push-off
(5), reduced maximum knee and hip flexion
(non-permanent). Asymmetric foot-ground
interfacing (4), the asymmetric trajectory of
the general center of pressure when walking
(7) (Sin>Dex). A longer double-support pe-
riod (6) and reduced ability to keep balance
while walking. The trough distorted, see the
additional wave of the impulse curve (3),
meaning the patient performed compensa-
tory movements while walking. Nonuni-
form right-side plantar surface pressure dis-
tribution (8), a sign of foot joint arthrosis.
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Fig. 1. Podogram of Patient L., 65. Diagnosis. Stage Il idiopathic coxarthrosis
(before dextral hip replacement). Walking without additional support. Foot loading asymmetry:
32% when standing, 24% when walking, S>D. (Sin for the left limb, Dex for the right limb)

Table 1

Estimated podography values in Stage III idiopathic coxarthrosis patients
(Me 25-75%, n is the number of observations)

Limb
neeator Affected (n=25) Condlt(ll(igglslgf intact Asymmetric
Cycle time, seconds 1.02 0.98 0.89
(0.81+1.18) (0.86+1.01) (0.83+0.95)
Stance time, % 47.0 38.5 0.78
(29.0+61.0) (14.0+65.0) (0.52+0.93)
2" peak Ground reaction vertical forces 41.8 57.5 0.72
GRF (cond. units) (26.8+54.6) (41.4+74.2) (0.63+0.76)
Area GRF, cond. units 4,069 3,777 0.89
(3,693+5,252) (3,602+7,317) (0.75+0.95)
1* peak as a proportion of the area GRF, % 24.4 21.0 0.82
(19.7+26.2) (20.0+23.3) (0.75+0.85)
2" peak as a proportion of the area GRF, % 59.4 57.1 0.95
(58.2+61.5) (56.8+60.1) (0.94+0.96)
Step inertia ratio 0.90 0.73 0.82
(0.58+0.96) (0.70+0.79) (0.62+0.86)
Static foot loading asymmetry, % 0.78 (0.68+0.89)
Dynamic foot loading asymmetry, % 0.75 (0.64+0.89)

The podogram shows the adaptive ste-
reotypes of the feet stance responses. Ei-
ther a bilateral increase in step variability
or a greater increase in variability where
the pain syndrome was more pronounced,
a sign of (partial) loss of compensatory ca-
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pabilities in walking [9]. Table 1 shows the
calculated podography readings of State III
coxarthrosis patients.

Sonic and geometric measurements
showed that m. rectus and m. intermedius
did not differ significantly in thickness in
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the affected limb vs the contralateral limb.
M. rectus was 25% thinner in the affected
limb, 22% in the contralateral limb in the
treated patients compared to the controls;
for m. intermedius, the thinning was 36.9%
and 41.4%, respectively.

The boundaries between m. rectus and
m. intermedius were clearly visible, the
muscles had preserved their striation. Note
that in both limbs, fascicles were short (up
to 1 mm), and their inclination angle was
almost as low as half of that in the controls.
Compared to the controls, the affected-limb
m. rectus had a 14% greater acoustic den-
sity due to the fibrous process.

M. iliopsoas is responsible for hip flex-
ion, outward hip rotation, as well as for-
ward torso flexion when the hip stands still.
Ultrasound visualized somewhat blurred
m. iliopsoas contours; isolated fascicles
were linearly oriented, and the muscle was
25% thinner in the affected limb, 22% in
the contralateral limb compared to the con-
trols. Such emphasis on m. gluteus medius
was necessary, as this muscle is involved in
abducting the hip at the hip joint, prevents
the pelvis from tilting towards the swung
limb during single-support part of the gait
cycle, rotates the hip internally, and facili-
tates foot takeoff.

Idiopathic coxarthrosis patients had vis-
ible structural damage to m. gluteus medi-
us: fascicles could not be differentiated, the
muscular contour was blurred, the muscles
were 70% thinner in the affected limb, 60%

in the contralateral limb as compared to
the controls.

M. adductor longus is involved in hip
adduction and flexion. As a rule, Stage III
idiopathic coxarthrosis patients have re-
duced hip adduction and abduction force.
M. adductor longus dysfunction was asso-
ciated with sonographic signs of its atro-
phy: the muscle became as thin as 3-5 mm,
while its acoustic density rose by 10+2%
compared to the controls, see Figure 2a.

M. gluteus maximus is a coarse-fibered
and strong muscle that may reach 2 to 3 cm
in thickness; it is designed to erect the for-
ward-flexed torso, to extend the hip, to si-
multaneously pronate it, and to stretch the
broad fascia of the thigh, see Figure 2b.

M. adductor had an acoustic density of
163 cu, m. gluteus maximus had 161 cu. In
idiopathic coxarthrosis, the dynamometric
readings of all tested muscles engaged in
knee and hip movements were reduced sig-
nificantly in both limbs to 20% to 70% of
the average norm [7]. This reduction was
symmetric except hip extensor strength.
Testing the hip extensors by stretching (at
maximum hip adduction) revealed a signifi-
cant reduction in the muscular strength gain
in idiopathic coxarthrosis patients (to 5%).
The length-strength function of active mus-
cles depends on the contractive and elastic
component ratio [9]. Conditional muscle
stretch did not affect its functional readings
in operation, a sign of morphological dam-
age to the muscular structure, see Table 2.

(@)

(b)

Figure 2. Sonogram of m. adductor (a) and m. gluteus maximus (b) of Patient S, 71.
Diagnosis: Stage Il coxarthrosis
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Table 2
Dynamometric readings of hip muscles in Stage I1I idiopathic coxarthrosis patients
Muscl Limb
T
Hsele gToups Affected Conditionally intact Asymmetric
14.9 21.6 0.81
Tibial flexors
(8.0+20.6) (17.2+26.7) (0.64+0.98)
o 15.0 24.0 0.67
Tibial extensors
(6.3+16.7) (14.5+24.8) (0.53+0.70)
Hip flexors 73.6 109.9 0.62
p (64.3+85.0) (91.5+115.7) P*=0.0306 (0.57+0.88)
Hip ext 90.6 106.4 0.74
ip extensors
P (57.5+102.9) (100.5+129.4) (0.57+0.78)
. 87.4 103.5 0.85
Hip adductors
(70.0+108.0) (95.5-118.3) (0.73+0.98)
. 87.3 103.5 0.85
Hip abductors
(70.0+108.0) (95.5+118.3) (0.73+0.98)
Abduction at 97.5 120.5 0.62
max. adduction (77.5+123.5) (104.9+158.1) (0.49+0.68)
% gain at 5.35 20.9 0.14
max. adduction (0+14.3) (11.6+50.2) (0+0.92)
Note: * stands for p<0.05 (Wilcoxon test) against the affected-limb values

CONCLUSIONS

Stage III idiopathic coxarthrosis pa-
tients had more pronounced sonic signs
of atrophy in the affected segment (re-
duced thickness, greater acoustic density,
blurred contours) in m. gluteus maximus
and m. adductor longus as compared to
the contralateral segment. Frontal thigh
muscles had moderate structural changes,
where the affected segment and its con-
tralateral counterpart had well-differen-
tiable intermuscular septa, and the fasci-
cles had the typical orientation, although
their inclination angle was reduced by
18% to 25% compared to the controls.
These signs indicate the frontal thigh

muscles could provide some reserves
for rehabilitation.

Structural functional parallels were co-
oriented as shown by ultrasound scans and
dynamometry. Locomotion stereotypes
were dominated by the reduced functional
activity of all the muscles involved in lo-
comotion; compensatory body movements
were registered when walking.
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