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Abstract. The influence of articular pathology on support reactions participating in
maintenance of body equilibrium was studied. 39 patients (17 males, 22 females) 20-62
years of age with unilateral and bilateral gonarthrosis of the second-third degrees were
examined. The study also included healthy subjects (25 males, 21 females) 19-54 years
of age. The essence of the study included stabilographic determination of projection of
the general pressure center (GPC) using orthopaedic computer complex ORTHO-
SYSTEM (Saint-Petersburg, "Bioimitator"). Stabilometric monitoring of activity of foot
support reactions was done every minute with 4 seconds' test interval in a standing
position without any means of support on special insoles with mechano-receptors. Total
length was from 3 to 5 minutes.

The study showed that in patients with gonarthrosis stabilometric characteristics of
static stability in voluntary standing were determined more by position of projection of the
general pressure center in the stabilometric frame of reference then by severity and stage
of the disease. Results of the analysis revealed that pain evoked by standing influenced
support reactions considering an involved side, severity of pain and degree of functional
asymmetry. Besides, severity of static stability disorders in every single patient is
determined by direction and amount of deviation of the general pressure center at the
moment of examination from individual values of functional optimum location of his
support reactions.
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Introduction

With an increase of articular pathology of lower extremities not only the locomotor stereotype
suffers but also disturbances of support functions of the involved extremity get increased [1,
3]. Study of disturbances of limb support ability in articular pathology using locomotor
characteristics is very problematic because motions in the involved joint induced while
walking provoke pain reflexes much greater compared to static support reactions.

The purpose of the investigation included study of the influence of the knee joint
pathology on limb support reactions in a standing position by the method of stabilographic
monitoring.

Materials and methods of the study
39 patients were examined at entrance to the Center (17 males and 22 females) from
20 to 62 years of age with unilateral and bilateral gonarthrosis of the second-third degree,
healthy subjects (25 males, 21 females) from 19 to 54 years of age were also examined.
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The essence of the study is in stabilometric determination of projection of the general
pressure center (GPC) using orthopaedic computer complex ORTHO-SYSTEM (Saint-
Petersburg, "Bioimitator™). Stabilometric monitoring of activity of foot support reactions was
done every minute with 4 seconds' test interval in a standing position without any means of
support on special insoles with mechano-receptors. Total length was from 3 to 5 minutes. In
the process of examination the following characteristics of support reactions were registered:
mean values of location of the GPC projection in frontal X(t) and sagittal Y(t) directions,
ranges of variation of the GPC projection in the frame of reference dx and dy, amount of area
variation of the GPC projection — dx*dy and a mean distance of the GPC projection from the
center of the frame of reference (L) [2]. In addition to the calculated values of the L all
mentioned characteristics of the general pressure center were showed at the final stage of the
stabilographic study (Fig. 1-5).

Results of the study and discussion
Results of the study showed that changeability of the registered stabilographic
parameters in all groups of the examined patients significantly varies (Table 1).

Table 1. Variations of stabilographic parameters in patients with
gonarthrosis (n - number of observations).

Selective Stabilographic parameter (conventional units)
characteristics (n=144) X(t) Y (1) L(vektor) dx dy dx*dy
Arithmetical mean 51.79 63.14 23.81 12.56 10.11 188.79
Root-mean-square 16.13 15.76 10.7 10.38 7.29 467.27
deviation
Coeff'c'e% /oo)f variation | 3913 | 24.95 | 4493 | 8261 | 7211 | 247.49

Indices characterizing location of the general pressure center in the frame of reference
are less changeable versus parameters reflecting the range and area of the GPC variation in
examination. The revealed tendencies of changeability of the indices preserved in the groups
of patients formed by location and severity of articular pathology so the observed differences
in the changeability of the indices are not connected with the character of pathology but they
reflect various functional modality. Parameters specifying the GPC location characterize the
purpose of regulation. Parameters determining range of the GPC variation in examination
characterize efficiency and reliability of the processes regulating and controlling support
reactions.

Patients grouped according to the involved side (Table 2) have the biggest indices of
reliability according to t-criterion of Student in parameters characterizing differences in the
GPC location. The GPC is located in the left part of the frame of reference in patients with
right-side gonarthrosis. In patients with left-side gonarthrosis it is in the right part.

Analysis of support reactions depending on severity of pathology (Table 3) revealed
the biggest values of reliability for indices characterizing range and area of the GPC variation
in the examination. That is efficiency and reliability of processes regulating support reactions
is disturbed first when increasing a stage of the disease and severity of the pathology. So
patients with unilateral gonarthrosis and the third stage of the disease have much greater
ranges of the GPC variation and statistically more reliable differences during a 4-second
interval of examination versus patients with the second stage of the disease.
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Table 2. Selective characteristics of support reactions in patients
with unilateral gonarthrosis (n - number of observations).

5 » Stabilographic parameter (conventional units)
o 5 | Statistic
Sg | Index X(t) Y(1) L (vektor) dx dy dx*dy
o M 62.20 68.05 26.40 11.07 90.50 122.75
E éE. o? 199.34 161.54 132.60 54.02 19.84 23716.71
= 0.36 0.33 020 | 018 0.11 3.94
L M 47.57 60.96 21.41 14.74 11.25 276.58
g ’Tr; o? 201.66 241.99 105.76 185.42 87.87 472395.4
[ am 0.23 0.25 016 | 021 0.15 11.08
t-criterion 34.14 17.21 14.72 12.68 9.25 13.07
Table 3. Selective characteristics of support reactions in patients with unilateral gonarthrosis
depending on a stage of the disease (n - number of observations).
S ® o o Stabilographic parameter (conventional units)
%_5 =2 S_tatlstlc
S8 o index X(t) Y | L(vektor) dx dy dxrdy
o o M 57.48 69.26 24.16 9.703 8 83.88
é % :NZ o? 128.49 | 138.50 103.84 16.21 7.69 3074.87
g R 0.44 | 0.5 039 | 015 | 011 | 213
g ? M 64.11 69.67 35.66 16 11.44 229.33
% % o’ 270.11 | 210.25 138.89 175 29.28 85658.7
- ,;:E +m 1.83 1.61 1.31 1.47 0.60 32.52
t-criterion 3.53 0.24 8.41 4.26 5.64 4.46
» = M 49.54 60.94 21.14 10.8 9.74 113.14
é % ‘E o? 198.90 | 263.46 125.57 19.51 15.49 6010.06
g = +m 0.41 0.48 0.33 0.13 0.12 2.28
_.g-’) ﬁ M 45.76 61.60 22.51 20.44 13.08 515.04
E(; _\I;l/ o? 214.27 | 233.83 79.28 392.09 195.82 | 111168
x | £ £m 0.61 | 0.64 037 | 08 | 058 | 43.93
t-criterion 5.13 0.83 2.75 11.54 5.61 9.14
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In bilateral gonarthrosis the observed tendency remained (Table 4). Range and area of
the GPC variation during a 4-second interval of examination increased with increasing a
disease stage; however, mean values of the GPC variation in standing position were lower
(with reliable possibility over 0.95) versus examined groups with unilateral location of the
disease. Besides, all patients with bilateral gonarthrosis of the third degree appeared to have
the closest to the center of the frame of reference mean values of the GPC location. So, if the
purpose of regulation is to close to the biomechanical optimum of stability, that is to the
center of the frame of reference the efficacy of systems controlling support reactions keeps at
a high correction level even in the group with a more severe disease. Thus, it can be
concluded that the GPC stability a lot depends on its position in the stabilometric frame of
reference, so right-handers have the GPC correction less effective if it is located to the left
from the center of the frame of reference versus to the right. Thus, patients with right-side
gonarthrosis have range and area values of the GPC variation reliably higher versus patients
with left side involved.

Table 4. Selective characteristics of support reactions in patients with bilateral
gonarthrosis depending on the stage of the disease (n - number of observations).

Stattﬁg of Statistic Stabilographic parameter (conventional units)

discase | ndex X(t) Y@) | L(vektor) dx dy dxdy
M 43 80.27 35.30 8.09 5.45 59.36

?ﬁgggf o’ 337.2 | 87.42 | 11575 | 2569 | 16.87 | 7465.45
£m 1.67 0.85 0.98 0.46 0.37 7.85
M 5021 | 55.85 21.48 11.71 | 1023 | 1457

(Ii‘gg) o’ 247.92 | 243.04 | 50.76 4039 | 33.15 | 272877
m 0.47 0.47 0.21 0.19 0.17 5.01
t-criterion | 4.15 25.11 13.8 7.24 11.59 9.27

Healthy subjects when voluntary standing in 71% of cases had the GPC located to the
right from the center of the frame of reference and only in 29% - to the left. Besides, patients
and healthy subjects during 3-5 minutes of the monitoring a voluntary standing had areas in
the stabilometric frame of reference with minimal range of the GPC variation (functional
optimum). Normally location of the functional optimum of stability was registered for the
second-third minute of the monitoring (Fig. 1). Asymmetry of support reactions showed
through higher GPC instability observed when transferring support weightbearing to the side
contralateral to the functional optimum. The examined patients with right-side asymmetry had
GPC less stable when redistributing support weightbearing to the left extremity; the examined
patients with left-side asymmetry - to the right (Fig. 2).

Reliable influence of functional asymmetry to support reactions of patients showed
also through observing the corresponding types of the general pressure center deviations
during the monitoring depending on functionally dominating sides and involved sides.

The majority of the examined patients with the unilateral articular pathology and low
pain usually had the GPC location registered on the side of the functionally dominating
extremity even if its the knee joint was functionally unwell. When the healthy extremity was
functionally dominating the instability values and values of the GPC transfer were always
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Fig. 1. Stabilographic monitoring of support reactions in a healthy female, 24 years of age, voluntary standing.
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Fig. 2. Stabilographs of the healthy subject, voluntary transfer of support weightbearing mostly on the right
extremity — a, on the left extremity — b.

minimal and the GPC was located on the side of the healthy extremity (Fig. 3). When the
functionally dominating extremity was involved the GPC at the beginning of examination was
often registered on the involved side and later from the second - third minute of monitoring it
transferred to the side of the stabilometric system of the healthy extremity (Fig. 4). Finally,
from the first sight paradoxical support reactions were observed in some cases with expressed
pain and strongly functionally dominating extremity involved. In these cases changes of the
GPC location started from the side of the healthy extremity and ended with adaptation of
articular nociceptors to support weightbearing on the side corresponding to the involved
extremity (Fig. 5).

Conclusions
The results of the stabilometric analysis allow making the following conclusions:

1. Characteristics of static stability registered in the examined patients with gonarthrosis are
determined mostly not by the severity of the disease but depend on projection location of
the general pressure center in the stabilometric frame of reference.

2. Depending on the involved side, pain severity and degree of functional asymmetry the
feelings of pain induced by articular pathology remodel normal support reactions to
changed types of support activity characterized by various static stability and
corresponding direction of the general pressure center deviation.
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the second minute of the monitoring
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the fourth minute of the monitoring
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Fig. 3. Female patient, 46 years of age, left-side gonarthrosis of the second stage,
functional domination of the right lower extremity.
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Fig. 4. Female patient, 47 year of age, right-side gonarthrosis of the second stage,
functional domination of the right lower extremity.
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Fig. 5. Male patient, 58 year of age, right-side gonarthrosis of the third stage,

expressed functional domination of the right lower extremity.
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3. Severity of static stability disturbance in every patient is finally determined by direction
and amount of the general pressure center deviation at the moment of examination from
individual values of its location which keep body balance in the functionally most optimal
mode.

References

1. SHEVTSOV V.., DOLGANOVAT.l.,, DOLGANOV D.V., ATMANSKIY I.A. Stabilometric study of
static stability in patients with hip ankylosis in malposition. Russian Journal of Biomechanics.
4(3): 49-55, 1999.

2. DOLGANOVAT.l., VOLOKITINA E.A., DOLGANOV D.V., ATMANSKIY I.A. Stabilometric study of
static stability in patients with neoarthrosis of supraacetabular area. Genij Ortopedii. 1: 14-17,
1999.

3. DOLGANOV D.V., VOLOKITINA E.A., DOLGANOVA T.I. Position control of the general mass
center in patients with neoarthrosis of acetabular zone. IV All-Russian Conference on
Biomechanics, Theses of Reports, N. Novgorod, p. 127, 1998 (in Russian).

XAPAKTEPUCTUKM OMOPHBbIX PEAKLIMWA Y BOJIbHbIX C
FOHAPTPO3OM NPU CTABUJIIOMETPUYECKOM MOHUTOPUHTE

B.U. WeBuos, [.B. QonraHos, T.U. JonraHoBa, O.K. YerypoB
(KypraH, Poccus)

C uenbio W3y4YeHHsS BIHMAHUS CYCTaBHOM TMATOJIOTMM Ha OIOpPHBIE pEaKIuH,
YYacTBYIONINE B MOJICP)KAHUH paBHOBeCHs Teia, 00cienoBanbl 39 6onbHBIX (17 MyX4uH U
22 xeHIMHBI) B Bo3pacTe OoT 20 1o 62 neT ¢ OAHOCTOPOHHMMH H JIBYCTOPOHHUMH
rOHAapTpo3aMu 2-3 CTaJluu, a TaKKe 370POBBIC J0U (25 "yemoBeKk MYKCKOro U 21 KeHCKOTo
mosa) B Bo3pacte ot 19 no 54 net. CyTh 00cneq0oBaHus 3aKiItoUagach B crabuaorpaduueckoM
OTpEeIeJICHUU TPOEKIUU OOIIEro LEeHTpa JABIEHUS C HCIOJIb30BAHUEM OPTONEIMYECKOTO
kommbioTepHoro komiuiekca ORTHO-SYSTEM  (Cankrt-IletepOypr, «buoummratopy).
Kaxnyro MUHYTY, C YETBIPEXCEKYHIHBIM HMHTEPBAJIOM TECTHUPOBAHUS TIPU CTOSHUU
oOciemyemMoro 0e3 BCIIOMOTaTeNbHBIX CPEJICTB OMOpPhl HA CHEIHATBHBIX CTENbKax C
MEXaHOPEILENTOPAaMHU MPOBOUIICS CTAOMIOMETPUUYECKUNA MOHUTOPUHT aKTUBHOCTH OTOPHBIX
peaKIuii CTOI 00IIeH MPOIOKUTEIBHOCTRIO OT 3 10 5 MHUH.

B pesynprare mnpOBENEHHOTO WCCIEIOBAHUSA YCTAaHOBJIEHO, YTO Yy OOJBHBIX C
TOHAPTPO3aMU CTAOMIIOMETPUYECKUE XaPAKTEPUCTUKU CTATHUYECKON YCTOWYMBOCTH TIpU
MPOU3BOJILHOM CTOSIHUM B OOJBIIEH Mepe OINpeneNstoTcs HE TSDKECTbI0 W CTajuei
3a00/ieBaHUsA, @ BO MHOTOM 3aBUCAT OT MECTOIOJIOKEHHS TMPOEKIUH OOIero IeHTpa
JABJICHUSI B CTAOUIIOMETPUUECKONW cHCTeMe KoopAauHaT. M3 pe3ynbTaToB aHaim3a CleayerT,
YTO BbI3bIBAEMbIE MPU CTOSHUU Yy OOCIEIOBAHHBIX TMAlIUEHTOB OOJIEBBIE OIIYIICHUS
MePECTPANBAIOT OTIOPHBIC PEAKIIUU C YIETOM CTOPOHBI IOPAKECHHUSI, BRIPAXKEHHOCTH O0JIEBOTO
CHUHApOMA U CTerneHH (PyHKIMOHAIBbHON acuMMerpuu. Kpome TOro, TsKecThb HapylieHUM
CTAaTHMYECKON YCTOHYMBOCTH Yy KaXJIOTO KOHKPETHOTO OOJNBHOTO, B KOHEYHOM CYETE,
OTIpEe/ICNSICTCSl HANpPaBIIEHHEM U BEJIIMYMHONW OTKJIOHEHHUsS OOIIero ILEeHTpa [aBlIeHUS Ha
MOMEHT O0OCIIeIOBaHUsI OT WHIUBUAYAIBHBIX 3HAUCHUU JOKATHM3AMH (DYHKIIMOHAIEHOTO
ONTHMYyMa €r0 OMIOPHBIX PEaKIIUH.
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