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Ilens. V3yunth OCOOEHHOCTH CTPYKTYPHOI'O COCTOSIHMSI CHHOBHAJIBHOM Cpeibl CyCcTaBa y
060mbHBIX ¢ KokcapTpo3oM (KA) Il cramuu (cT.) ¢ TOMOIIBIO YIBTPa3BYKOBOTO U OMOXMMHUYECKUX
METOOB HccienoBaHus. Mamepuanvt u memoodwvl. 1IpoBeieHO yIbTPa3BYKOBOE HCCIIEI0BaHUE
(Y3H) tazo0eapeHHbix cyctaBoB (N=18) n OMOXMMHUYECKOE MCCIEA0BAaHNE CHHOBHAILHOM JKUIIKO-
cta (N=12) y 6ompHBIX ¢ moctTpaBMatnueckum KA 1l cr. s sxorpaduyueckoro wcciaenoBaHus
npuMeHsun auardoctryeckue ammaparsl Voluson 730 PRO (Ascrpus) u Hitachi (SImonust), ocHa-
HICHHBIC TPAHCAYKTOPOM C YacToTor 7,5 MI'1. OOIiee KOoIrMuecTBO Oellka M3MEPSUIH 110 PEaKIIUU B
HIETIOYHOH cpefie ¢ cynbdarom Meau. DneKkTpodopeTHuecKoe pasaesieHrne OeIKoBbIX (Bpakiuii cu-
HOBUAJILHOM JKUJIKOCTH TIPOBOJIIIN CIIOCOOOM pa3ZeieHUs] CMeCH OElKOB Ha (hpaKIWU WM WHIU-
BUyaJIbHbIE OeNKU. AKTUBHOCTH (pepMEHTa KaTanas3bl OMPEIENIsIN 10 CKOPOCTH pa3pyIIeHUs Ie-
pEeKUCH BOJIOPOAA M OCBOOOXKICHUIO KIETKA OT €€ M30bITKa. OLEHKY MPOIECCOB MEPEKHUCHOTO
okucnenust munuaoB (I1OJI) ocymiecTBasiM myTeM U3MEPEHHs] B CHHOBHAJILHOW YKUIKOCTH COAEP-
YKaHUS NEPBUYHBIX (IMEHOBbIE KOHbIOraThl — /IK) 1 BropnuHbIX (MajgoHOBBIN quanbaerux — MJIA)
npoayktoB [1OJI. TIpoaykTsl IUMONEPOKCUAANNN U OKHUCIUTEIHHON MOIU(PHUKAIN OENKOB ObLIH
IPE/ICTaBIICHBI B BUJIE PACYETHOTO KOA(PPHUIMEHTAa CYMMbI M OTHOIIECHUH. JIMTUAHBIN crieKTp (XO-
JIECTEePUH, TPUTIHUIEPUIbI) U3MEPSIIU KOJIOPUMETPUUYECKUM MeToJoM. Pe3ynvmamul. BoisiBieHbI
CTPYKTYpPHbIE HapyllIeHUs B 00JacTu CMHOBUAIbHOM cpenpl cycraBa. Ilo nanueim Y3U: yBenuue-
HHE TOJIIMHBI CHHOBHAIBHOM U (uOpo3HOI 00o00uek Kancynsl cyctaBa Ha 60 u 40% oT ypoBHs
BO3PACTHOM HOPMBI, pa3BOJIOKHEHHE (UOPO3HOI 000TOUYKHM Kamcyibl cycraBa. [1o naHHbIM OHOXHU-
MUYECKUX HCCIIEIOBAaHUN CHHOBHAIILHOM >KUJIKOCTU: CHHKEHHE aKTHUBHOCTH ()EPMEHTOB aHTHOK-
CHJIQaHTHOW CHCTEMBI I HAKOIUIEHHE MPOIYKTOB MEPOKCUIAINH, YTO TOBOPUT O JIOKATHHOM pa3BU-
THUHM B CYCTaBHOM cpefie OKCHJaHTHOro crpecca. IIpu pa3BUTHM JeCTPYKTHUBHBIX MPOIIECCOB B 00-
JACTH TIOPKEHUSI apTPO30M CYCTaBOB 3HAUMTEIHHO BO3PACTAET aKTUBHOCTH CBOOOIHOPAIMKAIb-
HBIX TPOIIECCOB, YTO MPUBOJIUT K JEKOMITEHCAIIUM AHTUOKCHJIAHTHBIX MEXaHHU3MOB C Pa3BUTHEM
nrcOaIanca B CHCTEME aHTHOKCUIAHTHOM 3aIUThL. 3aKiouenue. B KIMHIYECKOH TpaKTHKE JTUar-
HOCTHKA JIETeHEPATUBHO-TUCTPOPUUECKOTr0 MPOIIecca B CyCcTaBe, HapsAy ¢ JaHHBIMH PEHTI€HOrpa-
¢un, TorKHA BKITIOYATH PE3y/IbTaThl OMOXUMHUYECKHIX U YIBTPa3BYKOBBIX METOJIOB HCCIICOBAHHS.

Knrouesnie cnosa. kokcapmpo3s, yibmpasgyKogoe ucciedo8anue, CUHOBUAIbHASL cpedd CYC-
maea, nepekucHoe OKUcieHue TUnU008; aHMuUOKCUOAHMHAs CUCTEMA.

STRUCTURAL CONDITION OF SYNOVIAL MEDIUM OF JOINT
IN PATIENTS WITH 11l STAGE COXARTHROSIS

T.l. Menshchikova, E.N. Matveeva, S.N. Lyneva, I.N. Menshchikov, E.N. Spirkina

Russian llizarov Scientific Center for Restorative Traumatology and Orthopaedics,
Kurgan, Russia

Aim. To study peculiarities of synovial medium of a joint in patients with Il stage
coxarthrosis (CA) using methods of ultrasound and biochemical examination. Materials and
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Methods. Ultrasound examination (US) of hip joints (n=18) and biochemical examination of syn-
ovial fluid (n=12) were conducted in patients with posttraumatic Il stage CA. Echographic exam-
ination was carried out using diagnostic devices Voluson 730 PRO (Austria) and Hitachi (Japan)
equipped with transductor with 7.5 MHz frequency. Total protein was measured in alkaline medi-
um with copper sulfate. Protein fractions of synovial fluid were separated using a method of sepa-
ration of a mixture of proteins to fractions or to individual proteins. The activity of catalase en-
zyme was determined by speed of degradation of hydrogen peroxide and of liberation of cell from
its excess. Processes of peroxide oxidation of lipids (POL) were assessed by measurement of the
content of the primary (diene conjugates, DC) and secondary (malondialdehyde, MDA) products
of POL. Products of lipoperoxidation and of oxidative modification of proteins were presented as
an estimated coefficient of sum and ratios. Lipid spectrum (cholesterol, triglycerides) was measu-
red using a colorimetric method. Results. There were revealed structural disorders in the synovial
medium of the joint. US data showed thickening of synovial and fibrous membranes of the joint
capsule by 60 and 40% of the age-related norm, separation of fibers of the fibrous membrane of
the joint. Biochemical examination of synovial fluid revealed reduction in the activity of enzymes
of antioxidant system and accumulation of peroxidation products which evidences development of
a local oxidative stress in the joint medium. In development of destructive processes in the region
of joints affected by arthrosis, the activity of free radical processes considerably increases which
leads to decompensation of antioxidant mechanisms with development of imbalance in the anti-
oxidant protection system. Conclusion. In clinical practice, diagnosis of degenerative-dystrophic
processes in the joint, along with X-ray data, should also include the results of biochemical and
ultrasound methods of examination.

Keywords: coxarthrosis; ultrasound examination; synovial medium of joint; peroxide oxida-
tion of lipids; antioxidant system.

Osteoarthrosis (OA) is the most com- stimulation of reparative process in the syno-
mon pathology among diseases of the vial medium and stabilization of destructive
musculo-skeletal system [1]. OA is character- process in the joint, is most effective in initial
ized by a progressing polyetiological process stages of the disease. With a progress of the
resulting from imbalance between processes pathological process — 111 stage of the disease
of restoration and of destruction of the joint — when organ-preserving methods lose their
tissue [2,3]. In the general structure of OA, effectiveness, the method of choice is a total
CA of different genesis causes disability of hip replacement [7,8].
patients in 20-30% of cases [4-6]. Aim — to study peculiarities of the

Secondary (posttraumatic) CA devel- structural condition of the synovial medium
ops after damage of the pelvic bones, frac- in patients with Il stage posttraumatic CA
ture of the acetabulum and of femoral neck. using ultrasound and biochemical examina-
Degenerative-dystrophic alterations in the tion methods.
hip joint after damage of the acetabulum, Materials and Methods
progress in 57-88% of patients, with severe Echographic examination was con-
deforming OA developing in more than 20% ducted using diagnostic devices Voluson
of patients [6]. 730 PRO (Austria) and Hitachi (Japan)

According to literature data, conserva- equipped with a transductor with 7.5 MHz
tive treatment of posttraumatic CA directed to frequency.
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Echography of the hip joints was con-
ducted in the supine position of a patient at
full physiological rest. Visualization of syno-
vial medium of the joint, measurement of
thickness of hyaline cartilage, of synovial and
fibrous membranes of the joint capsule were
conducted in standard and oblique-diagonal
scanning of the hip joint region. The contact
of transductor with the skin was provided by
use of a special sonogel.

There were examined patients with 111
stage posttraumatic CA after trauma of the
acetabulum and trauma of the femoral neck.
All patients referred to the clinic of acad.
G.A. llizarov Russian Research Center Re-
storative Traumatology and Surgery in con-
nection with pain in the affected limb, fast
fatigue, gait disorders. The age of the exam-
ined patients was 28-80 years (7 women and
11 men in the sample).Prescription of injury
— from 1 to 5 years. The control group con-
sisted of practically healthy individuals of
25-60 years of age (8 women, 12 men). For
biochemical analysis samples of synovial
fluid of 12 patients were used (5 women, 7
men). In the work classification of N.S.
Kosinskaya was used [9].

Total protein (TP) was measured in
the reaction in alkaline medium with copper
sulfate. Electrophoretic separation of pro-
tein fractions of the synovial fluid was per-
formed using the method of separation of
protein mixture to fractions or to individual
proteins (with calculation of albumin-
globulin coefficient and shares of a-, - and
v-globulins). Peroxidation of proteins in the
synovial fluid was determined by reaction
of interaction of oxidized polypeptide
chains after sedimentation of protein with
subsequent dissolution of sediment (meas-
ured in units of optical density per mg of
protein). Activity of catalase enzyme was
determined by the speed of degradation of
hydrogen peroxide and liberation of a cell
from its excess. Assessment of lipo-

peroxidation processes in the synovial fluid
was based on determination of the primary
(diene conjugates, DC) and secondary
(malondialdehyde, MDA) products of POL
(products of lipoperoxidation and oxidative
modification of proteins were presented as
an estimated coefficient of sum and ratios).
Lipid spectrum (cholesterol, CL, triglycer-
ides, TG) was measured using a colorimet-
ric method. Method of quantitative determi-
nation of uronic acids (UA) was based on
measurement of the amount of carbon diox-
ide released on heating with strong acids, in
other methods color reactions of UA with
carbasolenaphthoresorzin were used.

The primary statistical processing of
the obtained data was performed by variation
statistics method used for small samples.
The work was carried out on representative
sampling checked for normalcy of distribu-
tion, with exclusion of the outlying variants.
In the groups of observation, median of va-
lues and inter quartile ranges were calculated
(0.25; 0.75 percentiles). Statistical signifi-
cance of differences in the compared groups
was evaluated using nonparametric Wilco-
xon criterion. The differences were statisti-
cally significant at p<0.05.

Results and Discussion

Normally, the Echographic evaluation
of the hip joint visualizes the femoral head
(FH) of spherical shape with an even uni-
form contour, with congruent surfaces of
FH and acetabulum. Acoustic density of
subchondral bone plate equals 187+11 con-
ventional units (conv.un). Fibrous mem-
brane of the joint capsule is determined as a
homogenous strip of a high acoustic densi-
ty, with 1.4+0.5 mm thickness. Synovial
membrane of the capsule in healthy indi-
viduals, as a rule, has hypo-echogenic struc-
ture, and is 6.5+0.5 mm in size. Hyaline
cartilage is 0.4+0.2 mm thick and has a reg-
ular uniform contour along the whole FH

(Fig. 1).
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Fig. 1. Sonograms of a healthy hip joint of a 27-year old patient:
A — standardscanning 1 cmbelowPoupart’sligament: the head of spherical shape is visualized
centered in the acetabulum, contour of the subchondral plate regularand uniform;
1 — head width (28 mm), 2 — joint gap (3.5 mm);
B — scanning along the femoral neck: 3 — fibrous membrane of the joint capsule (1.8-2.2 mm),
4 — synovial membrane of the capsule (4.6-5.0 mm), the joint capsule (6.8 mm)

In Table 1 parameters of lipid spec-
trum and of lipoperoxidation, of oxidative

modification of protein and activity of anti-

oxidant enzymes in synovial fluid in healthy
examined individuals are given.

Table 1
Main Biochemical Parameters of Synovial Fluid in Healthy Individuals, n=30
UnFi)ta c:? rl:]/le(:z:;; re Result UnFi>ta g? rIF/IeetZsrL,J re Result
UA, mmol/L 5.87 (4.70;7.12) | TP, g/L 20.40 (12.30;25.70)
Totallipids, g/L 0.69 (0.60;0.83) | POPaldehydes, opt.dens.un/ g ob. 0.05 (0.04;0.07)
CL, mmol/L 0.42 (0.29;0.49) | POPKketones, opt.dens.un/ g ob. 0.08 (0.04;0.12)
TG, mmol/L 0.72 (0.38;1.18) | POP Aldehydes + Ketones, opt.dens.un/ g ob.| 0.13 (0.08;0.19)
DC, nmol/gol 5.91 (3.94;13.03) | Aldehydes/Ketones 0.62 (1.00;1.76)
MDA, nmol/ gol 1.95(1.32;3.41) | Albumins, % 69.30 (66.90;70.30)

Catalase, ncatal/L

5.00 (2.54;12.08)

az-globulins, %

3.70 (3.20;5.80)

DK+MDA, nmol/ gol

7.86 (5.26;16.44)

ay—globulins, %

6.00 (5.30;6.40)

DK/MDA, nmol/ gol

3.02 (2.98;3.82)

B—globulins, %

8.60 (7.50;9.10)

v-globulins, %

11.50 (8.90;15.30)

Note: results are presented on the form of Me (25;75); DK — diene conjugates, POP —
peroxide oxidation of proteins.

I11 stage of posttraumatic CA was clini-
cally characterized by enhancement of pain
syndrome in the region of pelvis and lower
limb, by impairment of the functional condi-
tion of the locomotor apparatus of the patient.

ture of the bone tissue.

X-radiography revealed pronounced defor-
mation of the joint surfaces of the femoral
head and acetabulum, destructive alterations
of subchondral bone plate, cyst-like restruc-
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In US examination of hip joints of pa-
tients with 11 stage posttraumatic CA, the joint
surfaces were visualized as fragments and
lumps of different size, hypoechogenic cyst-
like foci were differentiated. Acoustic density
of some fragments was 180 (172;190)
conv.un., cyst-like areas had low acoustic den-
sity — not more than 55 conv.un. (Fig. 2A). In
the region of synovial medium of the joint,
progressing pathological alterations were also
seen: in result of degeneration, hyaline carti-

lage was practically not visualized or was de-
termined as islets, there was tension with sub-
sequent separation of fibrous membrane to fi-
bers, synovial membrane of the capsule ac-
quired heterogeneous structure and increased to
8.8 (7.7;10.0) mm (Fig. 2B). In result, echo-
signs of pronounced synovitis were visualized
((thickness of the joint capsule 14 (11;18) mm).

The main US-criteria in posttraumatic
CA after trauma of the acetabulum are given
in Table 2.

Fig. 2. A sonogram of a patient S., 22 years old.
Diagnosis: 111 stage posttraumatic coxarthrosis:
A — standard scanning: femoral head is visualized as lumps and fragments 5 to 12 mm
in size (shown by arrows), depth of US penetration was 13.7-20 mm,
ossificate 6.9 mm in size, acetabulum contour not differentiated;
B — oblique-diagonal scanning: 3 — fibrous membrane of the joint capsule is 5-5.4 mm thick,
4 — joint capsule is 28.6 mm thick, 5 — lumps, fragments

Table 2

Main Characteristics of Synovial Medium of Joint in Patients
with 111 Stage Posttraumatic Coxarthrosis (after fracture of acetabulum)

Examined Structure

Characteristics

Hyaline cartilage, mm

not differentiated

Thickness of fibrous membrane, mm

3.9 (3.5;4.6)

Thickness of synovial membrane, mm

13.5 (11.8;15.0)

Note: results are presented as Me (25;75).

The conducted biochemical research
showed that existence of degenerative-
destructive processes in the joint with a trau-
matic component in etiology is associated with
decrease in the concentration of UA. Imbal-
ance of the lipid spectrum was indicated by

twice reduction of concentration of TG and 23-
fold increase in that of CL. According to the
literature, it is cholesterol that is an indicator of
changes in cell membranes which may become
irreversible and pathological [10]. According
to our data, concentration of lipids in the syno-
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vial fluid increased 5-fold, besides, there was
also noted redistribution of peroxidation pro-
ducts — increase in the amount of primary
(DC) and decrease in the amount of secondary
(MDA) products. Besides, there were noted
changes in the condition of the antioxidant
protection system — 3 times reduction of the
activity of catalase. The coefficient of the sum
of lipoperoxidation products (DC+MDA)
increased as compared to the norm in healthy
individuals, due to increase in DC. According

to literature, enhancement of lipid peroxidation
processes changes morphofunctional peculiari-
ties and structure of biological membranes
[11] that may underlie pathological changes
in organs and tissues. The obtained results
are given in Table 3.

The synovium samples were also exam-
ined in case of intra-articular damages to the
hip joint, the results of the studied processes
of oxidative modification of proteins are pre-
sented in Table 4.

Table 3

Biochemical Parameters of Synovial Fluid of Patients
with 111 Stage Posttraumatic Coxarthrosis

Parameters, units of measure Norm CA
; (n=30) (n=12)
UA, mmol/L 5.87 (4.70;7.12) 4.70°% (4.55;7.02)
Totallipids, g/L 0.69 (0.60;0.83) 3.23°%" (2.67;3.79)
CLmmol/L 0.42 (0.29;0.49) 1.36"% (0.86;1.47)
TG, mmol/L 0.72 (0.38;1.18) 0.32°%1 (0.12;0.89)
DC, nmol/gol 5.91 (3.94:13.03) 18.49"%1 15 54:25.99)
MDA, nmol/gol 1.95 (1.32;3.41) 1.01°% (0.81;1.16)

Catalase, mcatal/ L

5.00 (2.54;12.08)

2.53"% (2.10;5.03)

DC+MDA, nmol/ gol

7.86 (5.26;16.44)

19.50%% (16.35;27.15)

DC/MDA, nmol/ gol

3.02 (2.98;3.82)

18.88"% (15.94;26.23)

Note: results are presented in the form of Me (25;75); upper index — significance level (p) in

comparison with norm.

Table 4

Parameters of Protein Metabolism of Synovial Fluid of Patients
with 111 Stage Posttraumatic Coxarthrosis

Parameter, unit of measure

CA
(n=12)

Norm
(n=30)

TP, g/L

20.40 (12.30;25.70)

28.70%%" (26.23:39.25)

POPaldehydes,opt.dens.un. / g ob

0.05 (0.04;0.07)

0.04 (0.04;0.10)

POPketones, opt.dens.un. / g ob

0.08 (0.04;0.12)

0.03%% (0.02;0.04)

Aldehydes + ketones, opt.dens.un. / g ob

0.13 (0.08;0.19)

0.07°% (0.05;0.15)

Aldehydes/ketonesopt.dens.un.

0.62 (1.00;1.76)

1.21 (1.05;2.13)

Albumins, %

69.30 (66.90;70.30)

68.70 (65.55;71.10)

az-globulins, %

3.70 (3.20;5.80)

2.90°% (2.35;3.10)

ap-globulins, %

6.00 (5.30;6.40)

5.20 (3.55,6.30)

B-globulins, %

8.60 (7.50;9.10)

11.90°% (10.05;12.50)

y-globulins, %

11.50 (8.90;15.30)

12.40 (11.15;14.20)

Note: results are given in the form of Me (25;75); upper index — significance level (p)
in comparison with norm; POP — peroxide oxidation of proteins.
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Most of obtained data showed reliable
differences with normal parameters, except
aldehydes — primary products of peroxide ox-
idation of proteins. TP 1.5-fold exceeded the
norm, concentration of ketones twice de-
creased. Statistically significant reduction of
protein peroxidation products was noted in
traumatic damages to joints [12]. After con-
sideration of the estimated coefficients of the
sums of products and of their ratios [Alde-
hydes + Ketones] and [Aldehydes/Ketones], it
was stated that changes occurred only in the
total amount of products which also showed a
tendency to reduction the normal values.

In examination of the bone system, the
‘golden’ standard of diagnostics is X-ray
radiography. A complex application of mod-
ern US and of biochemical methods permits
to visualize qualitative morphological altera-
tions in the structure of hyaline cartilage, of
fibrous and synovial membranes of the joint
capsule and to determine respective disor-
ders in the content of the main components
of synovial fluid of the joint.

The data of US examination of the
condition of synovial medium of the joint
agree with the results of histological exami-
nations which showed a significant thinning
and deformation of the cartilage, superficial
and deep separation of fibers of the cartilage
matrix and erosion of cartilage in Ill stage
posttraumatic coxarthrosis [13]. A practical-
ly complete destruction of the articular carti-
lage with the existence of free portions of
bone in the form of bone plates is accompa-
nied by expansion of the zone of sclerosis of
subchondral bone [14]. Hyperplasia of the
synovial membrane, coiling and dilatation of
microcirculatory vessels were histologically
confirmed [13].

Examination of the synovial medium
of the joint in the given work showed that
changes in the protein spectrum of the syno-
vial fluid permit to suggest the existence of
reactive inflammatory changes and to deter-

mine the extent of their activity, since pro-
tein is a parameter characterizing permeabil-
ity of the hemosynovial barrier. In the litera-
ture, a reduction of as-globulin fraction of
synovial fluid is reported in patients with an
unfavorable course of the inflammatory pro-
cess in the first days after trauma and a sur-
gery. The main constituent of this fraction is
one of the main antiprotease protein — a;-
proteinase inhibitor (ag-antitrypsin). Inhibi-
tion of the activity of proteinases released
from granulocytes into the inflammatory
exudates, induces a secondary damage to tis-
sues. So, reduction of the levels of protei-
nases in blood serum noted in some patho-
logical conditions is a poor prognostic sign
[11]. It is evident that such prognosis can be
made in examination of synovial fluid.

Biochemical examinations of synovial
fluid of patients with posttraumatic CA
showed statistically significant 1.5-fold in-
crease in total proteins and 5-fold increase in
total lipids.

Concentrations of cholesterol and tri-
glycerides were the same as in idiopathic
osteoarthrosis, that is, concentration of CL
increased 3-fold, and that of TG twice de-
creased. Concentration of POL products twice
increased mainly due to increase in concen-
tration of DC, even despite some reduction of
MDA. A statistically significant reduction of
the activity of catalase was noted. 40%
Increase in the synovial protein did not influ-
ence concentration of aldehydes, reduction
of concentration of ketones was noted. There
were changes in the protein fractions:
decrease in the share of os-globulin and
increase in that of B-globulins.

Conclusion

Complex ultrasound and biochemical
studies showed that the evident deformation
of the joint surfaces of the femoral head and
the acetabulum and also destruction of the
subchondral plate in Il stage posttraumatic
coxarthrosis were accompanied by disorders
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in the structure of the synovial medium of the
joint.

There were recorded echo-signs of the
evident synovitis: increase in the thickness of
synovial and fibrous membranes of the joint
capsule by 60 and 40% of the age-related
level, separation of the fibrous membrane of
the joint capsule into fibers.

It was also shown that development
of destructive processes in the zone of da-
mage of joints with arthrosis is associated
with a marked increase in the activity of free
radical processes which leads to decompen-
sation of antioxidant mechanisms with deve-

lopment of imbalance in the antioxidant
protection system.

Thus, the obtained data evidence the
absence of an active reparative process in the
damaged joint and show ineffectiveness of
conservative treatment. Use of ultrasound and
biochemical methods of examination for
evaluation of the course of degenerative-
dystrophic process in the affected joint in
patients with 11l stage coxarthrosis permits
to obtain information about structural condi-
tion of the synovial medium of the joint and
to choose the most suitable treatment tactics
for each patient.
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