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Summaries

According to modern concepts, bone remodeling disorders that are directly dependent on the imbalance
of osteo-associated trace elements play a key role in the pathogenesis of OA. Therefore, the purpose of our
study is to develop the program of physical rehabilitation of patients with post-traumatic gonarthrosis
and to investigate its effect on the composition of osteoassociated macronutrients.

To determine the metabolic function of bone tissue there were the results of the study of mineral
homeostasis by the level in the peripheral blood of phosphorus and magnesium, total calcium and its
ionized form, as well as the amount of urinary calcium excretion. The processes of bone formation were
evaluated by the content of bone isoenzyme of alkaline phosphatase, bone resorption was evaluated by
the level of tartrate-resistant acid phosphatase. 42 patients with post-traumatic osteoarthritis of the knee
joints of [-II stages according to Kellgren-Lowrence were observed.

The complex of physical therapy included the educational program, medical gymnastics and massage.
The theoretical part of the program included 6 topics covering the main issues related to the risk factors
and prognosis for the disease, the main mechanisms of its progression, as well as the basics of different
physical therapy use. The practical part of the program was carried out in a small-group way and included
the gradual application of static, dynamic, active and proprioceptive neuromuscular stretching using
the exercises with elastic bands and metered loading. As for the massage technology a combination
of segmental massage with Swedish technique was used in the program. The total duration of the complex
program was 9 months, after which patients were advised to perform independent classes. The application
of the developed program of physical rehabilitation had a positive effect on the processes of bone
remodeling, and allowed to reduce the number of exacerbations during the year.

Key words: physical therapy, osteoarthritis, knee joint, bone formation.

Hareriep po3poOku TexHouorii (i3uyHOI Tepamii 1t NpoQUIaKTHKA IHBAMIJHOCTI BHACIIIOK 3aXBO-
PIOBAHb 1 TPaBM ONOPHO-PYXOBOTO Aapary He J0CHTH e)EKTHBHI, 10 HETaTHBHO BIAOMBAETHCS HA SKOCTI
JKUTTS. KOHTHHICHTY TALIEHTIB, iXHBOMY COLIQJIBHOMY CTaTyCl I CKOHOMIYHOMY CTaHI KpaiHH 3aralioM.
3a CydaCHUMHU YSBICHHAMH, KII0YOBY POJib Y MATOTCHE3] OCTEOAPTPHUTY BIAIrParOTh PO3TaH KiCTKOBOTO
PEMOJIEIIOBAHHS, IO IPSIMO 3aJIekKaTh Bl AucOaaHCy 0cTeoacoLiiioBaHnx MikpoeneMeHtis. Tomy mera
HAIIOro A0CIiIKCHHA — PO3po0uTH Iporpamy (isuuHoi peadimiTartii XBOPHX 3 MOCTTPABMATHIHUM FOHAP-
TPO30M 1 IOCIIANTH ii BIUIMB HA CKJIAJ| OCTE0ACOLIHOBAHNX MAKPOCIIEMCHTIB.

Jist BusHaueHHs MeTabomnivyHOi QyHKUIT KICTKOBOI TKaHWHHM OyJid pesyibTaTH [0CIHIKCHHS
MIiHEPaNbHOr0 OMEOCTa3y 3a piBHEM Y mepudepudHiit kposi Gocdopy i MarHin, 3araibHOro
KaJIbLi0 Ta 10HI30BaHOT HOTO (OPMH, @ TAaKOXK BEIMINHO eKCKpelii i3 cevero kanbLiio. [Iponecn
KiCTKOBOTO ()OpMyBaHHS OLIHIOBAJIKCS 3@ BMICTOM KICTKOBOTO 130()epMeHTY JIyxkHOI (ocdarasu,
KICTKOBa pe30pO1id — 3a piBHEM TapTpaT-pe3ucTeHTHOI kucnoi ¢pocdarasu. [1ig cnocrepexeHHIM
nepeOyBann 42 XBOpPHUX 3 MOCTTPABMAaTUUYHUM OCTEOAPTPUTOM KoJiHHUX cyrnobiB I-1I craniii 3a
Kellgren-Lowrence.
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Komruieke (isndnoi Tepanii BKIIOYaB OCBITHIO NMPOrpamy, JiKyBalbHy TiIMHACTHKY i Macax. Teope-
THYHA YaCTUHA IPOTPaMH BKIIFOYaa 6 TeM, 10 OXOILTIOIOTh OCHOBHI IIUTAHHS, IO CTOCYIOTHCSI YNHHUKIB
PH3HKY i POTHO3Y TAKOTO 3aXBOPIOBAHHS, OCHOBHHX MEXaHI3MIB OO MPOrpecyBaHHsd, a TAKOK OCHOB
3aCTOCYBaHHs pi3HKX 3aco0iB pisnuHoi Teparii. [[pakTiyHa YacTHHa IPOrpaMy 31iHCHIOBANIACA MAJIOTDY-
TOBAM CIIOCOOOM 1 BKIIIOUAIIa NIOCTAIHE 3aCTOCYBAHHS CTATHYHOTO, AMHAMIYHOTO, aKTHBHOTO i POIpio-
LENTHBHOIO HEPBOBO-M’A30BOTO CTPETYMHTY 3 BUKOPUCTAHHSM BIPAB 3 NPY)KHHMH CTPIYKaMH 1 1030Ba-
HUM OOTSKCHHSAM. 3 MaCaKHHX TEXHOJIOTIii y MPOrpaMi BUKOPHCTOBYBATIOCS MOE€IHAHHS CErMEHTAPHOTO
Macaxky 3i IBEICHKOK TEXHIKOK. 3arajbHa TPHBATICTh KOMILIEKCHOI NMPOrpaMu CTaHOBWIA 9 MICALB,
MicJI YOro XBOPHM HaJaBaJIMCs PEKOMEH/IALLIT 1110/10 BUKOHAHHS CaMOCTIHHMX 3aHATh. 3aCTOCYBAaHHS PO3-
poOieHoi nporpamu ¢isndHOi peabimiTalii MO3UTHBHO BIUIMHYJIO HA NIPOLECH PEMOJICIFOBAHHS KICTKOBOT
TKaHWHH, 03BOMIAII0 3MCHIIHTH KiTBKICTh 3arOCTPEHE IPOTATOM POKY.

Katouosi crosa: (i3nuHa Teparmisi, 0CTE0apTPUT, KOJMIHHHUI CyT00, KicTKoBe (OpMyBaHHS.

Ha ceropnsimHmil 1eHb pa3paOOTKU TEXHOJIOTHH (U3MIECKON Tepanmuu s PO(QUIAKTUKH WHBAIH/I-
HOCTH BCJIE/ICTBHE 3a00JI€BaHHI U TPaBM OIIOPHO-BUTATEILHOTO amiiapara HeJOCTaTOYHO Y()(EKTUBHBI,
YTO HETaTUBHO OTPa)KAaeTCs Ha Ka4eCTBE )KU3HU KOHTHHICHTA MAIIMEHTOB, UX COIMATBHOM CTaTyCce U HKO-
HOMHYECKOM MOJIOKEHUH CTPaHBI B 1IeIOM. 110 COBpeMEHHBIM TPE/ICTaBICHUSIM, KITIOYEBYIO POJIb B T1aTO-
rereze OA HrparoT paccTpolCTBa KOCTHOTO PEMOICTMPOBAHMS, IPAMO 3aBUCSIIME OT qucOanaHca ocre-
0aCCOMHUPOBAHHBIX MUKPOAIEMEHTOB. [109TOMY 11eJTb HaIllero UCcIea0BaHus — pa3padoTaTh IPorpaMmy
(uzmyeckot peabumuTaly OONBHBIX C TOCTTPABMATUYECKIM TOHAPTPO30M M HCCIIEOBATh €€ BIHMSHUE Ha
COCTaB 0CTEOACCOLMUPOBAHHBIX MAKPOIIEMEHTOB.

Jlns ompeneneHus MeTabonudeckol (QYHKIMM KOCTHOW TKaHHM NMPUMEHSUTHCH PE3yJbTaThl HCCIENO-
BaHMS MUHEPAJBbHOTO TOMEOCTa3a 10 YPOBHIO B Nepudepryeckoil kKpoBu (ocdopa U Maraus, oOIIero
KaJbIMsl ¥ MOHM3UPOBAHHOHM €ro (opMbl, a Takke BETMYNHE SKCKPEIUH ¢ MOYOW Kaiblms. [Iponecchr
KOCTHOTO (hOPMUPOBAHHMS OLIEHUBAIKCH MO COAEPKAHUIO KOCTHOTO M30(epMeHTa ImenoyHoi docdara-
3bl, KOCTHAsl pe30pOIus — M0 YPOBHIO TapTpaT-pe3uCTeHTHOH Kucion Qocdaraspl. [lox HabmroneHneM
Haxomuiuch 42 OONBHBIX C MOCTTPAaBMAaTHYECKHM OCTEOAPTPHTOM KOJEHHBIX cyctaBoB I-II cramum mo
Kellgren-Lowrence.

Kommieke ¢usndeckoit Tepanuu BKIIF0Yal B ce0Os 00pa3oBaTeNbHYIO MPOrpaMMy, JIedeOHyI0 TMMHa-
CTHKY ¥ Maccax. TeopeTnueckas 4acTb IPOrpaMMbl BKIIFOUaIa 6 TeM, OXBaThIBAIOIINX OCHOBHBIE BOTIPO-
CBI, Kacaromuecsi (akTopoB PHCKa U MPOTHO3a JAHHOTO 3a00JIeBaHMUs, OCHOBHBIX MEXaHHU3MOB €T0 TPO-
IPECCUPOBAHMS, @ TAK)KE OCHOB MPUMEHEHHUS Pa3IMYHbIX cpelncTB (u3mdeckoit Tepamuu. [Ipakruueckas
YacTh MPOrPaMMBbl OCYIIECTBISUIACH MAJIOTPYHIIOBBIM CIIOCOOOM M BKJIIOYAa MOATAITHOE MPHMEHEHHE
CTaTH4ECKOTO, JTMHAMHYECKOTO, aKTHBHOTO W TPONPHOLENTHBHOIO HEPBHO-MBILIIEYHOTO CTPETYHHTA
C HCIIOJIb30BAaHUEM YIPKHEHUH C YIPYTHMHU JICHTAMH U JO3UPOBAHHBIM OTATOIIEHHEM. 113 MaccaKHBIX
TEXHOJIOTHH B TIPOTrpaMMe HCII0NIb30BAIOCH COYETAHHE CETMEHTAPHOTO MaccaXa CO IIBECKOH TEXHUKOH.
JIUTeNnbHOCTh KOMILIEKCHOM MPOrpaMMBbl cocTaBuiia 9 Mecs1eB, MOcie 4ero O0NIbHBIM MPE0CTaBIINCh
PEKOMEH/IALIMH TIO0 BBINOIHEHHUIO CAMOCTOSTENBHBIX 3aHATHH. [IpriMenenne pa3paboTaHHON MPOTpaMMBbI
(u3myeckor peabHINTAINK OKa3aJl0 TONOKUTETBHOE BIMSHUE HA MPOLIECCHI PEMOJIETNPOBAHHS KOCTHOM
TKaHH, TI03BOJIUJIIO YMEHBIIUTH KOTMYECTBO 0OOCTPEHHUH B TEUCHHE TOfIA.

Knrwouesvie cnosa: puzmdeckas tepanus, 0CTEOAPTPUT, KOICHHBIN CyCcTaB, KOCTHOE (OPMHUPOBAHUE.

Introduction. At the present stage
of development of rehabilitation technologies

injuries, inflammatory processes that lead
to progressive degeneration of cartilage,

for the prevention of disability due to diseases
and injuries of the musculoskeletal system
physical therapy methods have not been effective
enough, which negatively affects the quality
of life of this patient population, their social
status and economic status of the country as
a whole [4; 5; 6; 8].

In recent years, there has been a tendency to
increase the incidence of knee osteoarthritis (OA)
among young able-bodied people [14]. This is
greatly facilitated by joint injuries, recurrent
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deterioration of the musculoskeletal system,
and decreased physical activity [1; 11; 13; 14].
Post-traumatic gonarthrosis, which is the most
severe of the long-term complications of knee
injury, often leads to disability and reduced
quality of life [11].

According to the World Health Organization,
OA has been the cause of disability in 10 %
of the population and in the next 10-15 years it
will become the fourth major cause of disability
for women and the eighth one for men [7].
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According to modern concepts, bone
remodeling disorders, which are directly
dependent on the imbalance of osteo-

associated macronutrients, play a key role in
the pathogenesis of OA [2; 3; 8; 10; 12].

However, in recent years, this issue has not
been addressed in the development of physical
rehabilitation technologies.

The purpose of the study is to develop
a program of physical rehabilitation
of patients with post-traumatic gonarthrosis
and to investigate its effect on the composition
of osteoassociated macronutrients.

Research materials and methods. The
processes of bone formation were analyzed for
the content of alkaline phosphatase (KShF) bone
isoenzyme, bone resorption was evaluated by
the level of tartrate-resistant acid phosphatase
(TrKF). Mineral homeostasis was evaluated
by the level of total calcium in the peripheral
blood and its ionized form (Ca ++), phosphorus,
magnesium, as well as by the amount of urinary
excretion of calcium. The results of biochemical
studies were compared with those of 20 people
(40.6+1.7 years old) who had no pathology
of the musculoskeletal system and were
considered healthy according to the indicators
of clinical and laboratory studies.

The level of total calcium in the blood
of the control group was (2.42+0.03) mmol/l,
its ionized form - (1.08+£0.02) mmol/l,
phosphorus — (0.96+0.05) mmol/l, magnesium —
(0.91+0.03) mmol/l. Urinary calcium excretion
was (2.92+0.37) mmol/l. The concentration

of CSF is (68.3+4.8) mmol/l, TrKF is
(53.2+2.4) mmol/l.
Statistical  processing of the results

of the study was carried out by the methods
of wvariational statistics using the standard
package of applications SPSS 13.0 for Windows.
A comparative analysis of the differences between
the mean values was evaluated by Student’s-test.
Spearman correlation analysis was performed.

Deontological and legal problems of research
have been solved within the framework of existing
International Conventions and legislation
of Ukraine and the principles of bioethics in
medical research [15].

We observed 42 patients with post-traumatic
osteoarthritis of the knee joints of I-II stages
according to Kellgren-Lowrence. The diagnosis
was made taking into account the anamnesis,
clinical symptoms, radiological examination
and magnetic resonance imaging of the joints.
The patients’ age ranged from 24 to 54 (40.2+1.4)
years old, with male predominance (64.3 %).
The duration of the disease in patients ranged
from 1 to 14 (7.1+£0.6) years. The number
of exacerbations of the disease reached
(2.95+0.19) per 1 year.

Results of the study and their discussion.
The study of bone formation parameters showed
a 71.4 % decrease in CSF level 1.3 times to
(57.0+0.29) mmol/l (p<0.05), with an increase
in TrKF in 47.6 % of patients with 10.7 %
(p<0.01) to (59.6+0.45) mmol/L.

In the analysis of the content of macronutrients
in peripheral blood, 45.2 % of patients showed
a decrease in the level of total calcium fraction
by 9.9% (2.18+0.03) mmol/l (p<0.001), in
81.0 % of patients — its ionized form by 11.1 %
(0.96+0.01) mmol/l (p<0.001). Moreover,
the concentration of Ca++ decreased with
the increasing of patients’ body weight
(r=-0,623; p=0,001). The excretion of calcium
thus increased 1.6 times, to (4.64+0.07) mmol/l
(p<0.001)in73.8 %ofpatients. Theconcentration
of phosphorus in the blood of 83.3 % of patients
increased 1.4 times to (1.37+0.02) mmol/l
(p<0.001) and directly correlated with the body
weight of patients (r=0.726; p=0.001).

Changes in magnesium content were observed
in 71.4 % of patients. In this case, 43.3 % of them
had hypermagnesemia (1.34+0.03) mmol/l
(p<0.001) with an increase of magnesium
concentration 1.5 times, 56.7 % had the decreased
concentration by 14,3 % to (0.78+0.01) mmol/l
(p<0.001). Moreover, as the body weight
of the patients increased, the content of this
macronutrient decreased (r=-0.420; p=0.005).
The role of the imbalance of osteo-associated
macronutrients in changes in bone remodeling
processes is confirmed by the direct correlation
between the KSHF level and the total calcium
fraction (r=0.542; p=0.001), Ca ++ (r=0.895;
p=0.001). A negative correlation was found
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between CSF and urinary calcium excretion
(r=-0.953; p=0.001), as well as blood
phosphorus (r=-0.909; p=0.001).

The complex of physical therapy included
an educational program, medical gymnastics
and massage.

The theoretical part of the program lasted
8 weeks in a group way, three times a month,
included 6 topics covering the main issues related
to the risk factors and prognosis of the disease,
the main mechanisms of its progression, as
well as the basics of the use of various physical
therapy methods. Part of the time during
the implementation of the theoretical program
was devoted to the development of the patient
elements of exercises that are planned for use in
the practical part of the program.

The practical part of the program was
carried out in a small group way and included
the gradual application of static (2 weeks),
dynamic (6 weeks), active (8 weeks)
and proprioceptive neuromuscular (12 weeks)
stretching with the use of exercises with elastic
bands and metered loading. In addition to
stretching, the complex of medical gymnastics
included equilibrium and walking exercises on
knees, sides, back, etc.

For massage technology, the program
used a combination of segmental massage
with Swedish technique, which involves
the combination of classic massage techniques
with joint movement. The massage was
performed every other day for two months in
two stages, with a break for 2 weeks between
them. Segmental massage was performed with
influence on the reflexogenic zone of the lower
extremities at the level of the spinal segments
Th-9-S-5, as well as on the sites of localization
of reflex changes in the area of the affected
limb. When using the massage by the Swedish
method, the massage area covered the upper
third of the lower leg and thigh. Special impact
on the joints was performed from the third
procedure, starting from the places where the pain
was less expressed.

The total duration of the complex program
was 9 months, after which patients were advised
to perform independent classes.
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To study the effectiveness of the program,
all the patients were divided into 2 groups:
I — 22 patients who completed the entire course
of the developed program, II — 20 patients, who
used the complexes of therapeutic gymnastics
and segmental massage twice a year for 10 days.

Repeated control study was conducted after
12 months.

As a result of the program, the level of total
calcium fraction (2.42+0.005) mmol/l was
normalized in all patients of group I, the content
of its ionized form (1.08+0.004) mmol/l was
restored in 95.5 % of patients. The number
of patients with normal calcium excretion
(2.94+0.05) mmol/l increased by 4 times
(*=18.2; p=2.04E-05).

The number of patients with high phosphorus
content decreased by 4.7 times (y’=17.9;
p=2.38E-05).

Changes in magnesium content were
observed less than by 3.2 times (}*=9.1;
p=0.003). In this case, hypermagnesemia
occurred in 9.1 % of patients, the lack of this
macroelements — in 13.6 %.

The application of the developed program
had a positive effect on the processes of bone
remodeling. Thus, the number of patients with
normal bone formation increased by 2.3 times
(x*=4.5; p=0.03), normal resorption — by
1.7times (y*=9.1;p=0.003). Enhancedresorption
decreased by 3.7 times (y*=5.1; p=0.02).

It should be noted that no negative dynamics
in changes of indicators were found in either case.
During the year, the number of exacerbations
decreasedto (0.73+0.17), with45.4 % ofpatients
without any exacerbation during this period.

In group I1, the content of total calcium fraction
was normalized only in 5.0 % of patients, its
ionized form —in 30.0 % of patients. An increase
in the number of patients with normal calcium
excretion was observed (¥*=0.94; p=0.33). The
number of patients with high phosphorus content
decreased by 2.8 times (y*=3.84; p=0.05).

The tendency to the changes’ decrease in
the magnesium content was detected (3*=0.99;
p=0.32). In this case, hypermagnesemia was
observed in 25.0 % of patients, lack of this
macronutrient — in 30.0 %.
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In contrast to the patients of group I, 15.0 %
of patients of group Il experienced unsatisfactory
results of the rehabilitation measures, which was
confirmed by the progressive decrease in the level
of magnesium and ionized calcium fraction,
increase in the concentration of phosphorus.

No significant positive changes in bone
remodeling indicators were observed in patients
of group II. In contrast to patients in group I,25.0 %
of patients in group II experienced a progressive
decrease in bone formation, and 20.0 % of patients
experienced the increase of bone resorption.
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