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The article presents the study of biomechanicalrders in the dysplastic process in the hip ana fomts using the
finite elements model with different cervical-diggkeal angles (CDA) of the proximal femoral bonetithe CDA equal to 90°,
the femoral neck stress was 42.4 MPa (27.6 in tmeh In the proximal tibia, the level of the sgeondition has increased on
the medial side up to 17.9 MPa (11.1 normal), amdhe lateral side 9.1 MPa (3.5 normal). Thus,lerhedial side the stress
magnitude is 21.6 MPa (11.2 normal), on the latsice - 1.7 MPa (2 in the norm). For the CDA equoal60° the stress in the hip
joint reaches 26.5 MPa (27.6 normal). In the pr@litibia on the medial side the tension is 9 MPRYIormal), and on the
lateral side it is 3.5 MPa (3.5 normal). Distritmutiof the stress condition in the knee joint shotirad on the medial side the stress
magnitude is 13.1 MPa (11.2 normal), and on therddtside - 3.8 MPa (2 normal). Comparative analgdithe calculations
performed for models with different CDA showed ttiet CDA reduction leads to a significant increiastme stress condition not
only in the neck of the femoral bone, but alschi@ knee joint. Whereas, with increasing CDA theaghoof stress-strain state is
slight, mainly in the lateral part of the knee join

Key words: CDA change, stress-strain state of the hip jgrdximal tibia.

The work is a fragment of the research project $tiady biomechanical features of standing and ggitadients with a
long course of hip osteoarthritis”, state registi@t No. 0118U006950.

The past decade is characterized by an increasgndromic pathology, which is based on
connective tissue dysplasia. Scientific advancethim field have permitted to consider the problefn
dysplastic diseases in a different way. It is ek that these diseases formation causes a heyedita
susceptibility factor that adversely affects thenrwective tissue development, including that in the
musculoskeletal system, which further leads to amat and functional unconformity of the joint's
surfaces (discongruence), and further to biomechaimbalance and arthrosis [4].

A sufficiently detailed review of modern biomechealistudies in the hip joint was made in B.
Vafaeian's et al. study [13]. The stress statheffemur for different CDA values was analyzedha t
studies of I.B. Zelenetsky [1], Diplesh Gautam [Bje researchers [2, 3, 7, 11] studied the str@sditton
of the knee joint both normal and with dysplastiaimges.

Since the dysplastic process relates to all systérttee human body, it is natural that changes in
the biomechanical parameters of the joints, to imgrydegrees, will mutually affect each other [5].
Together, multiple pathological, especially biomamical, changes form a multilevel spatial systernhef
musculoskeletal system with impaired function.

However, mutual compensatory processes (concorjlattt’8 mask anomalies of joint
development are possible, often temporarily.

Insufficient supply of the necessary equipment (RIRI) in domestic medicine complicates the
construction of the entire human musculo-skeleyatesn (MSS) model. Geometric constructions of
pathological abnormalities in the joints were aggliin the individual approach for the purpose of
diagnosis, treatment and prevention. Therefor@teferred local approach to the joints, complicaety
diagnosis and treatment.

Increased load on particular areas of the articalgiaces leads to an increase of the stress-strain
state (SSS). Chronic stress of their cartilagirtssie creates conditions for the developmenttbfasis,
the start for which in the prenatal period is dgsp@ [4, 13].

In this regard, numerous tasks stand out clarifyimegimpact of each dysplastic component in the
overall disease process.

In the process of studying this problem by meantheffinite elements method (FEM), isolated
models of the hip and knee joints were built tossolarious problems. However, in order to bring the
model closer to real conditions, as well as tol#stia the correlation and mutual influence of theér
extremity joints, it is necessary to build a moaeapted to the set tasks.

When studying the stresses in the hip and kneé&sj@oth in normal and with different pathology)
by FEM, data were obtained on their uneven distigimy localization in particular areas of the joint
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elements. However, the main factor of the jointdlegas considered insufficiently due to disorganized
location of the limb’s mechanical axis.

Taking into consideration the significant priordf biomechanical disturbances in this process, it
is of interest to study their interaction in theg4knee joint” system. It is known that changelw timb’s
anatomical-mechanical axis and, accordingly, thdesnof muscles insertion affects their musclengjiie
and muscle imbalance [1]. In their turn, differeonditions arise for the local loading on the aac
surfaces. It can be assumed that the axial paresnditturbance also affects the stress-strain 6&38)
in all elements of the joints. However, to date,vedieve that for the sake of the study completenéss
more appropriate to consider joints not isolatad, Wwithin the kinematic chain of the musculoskdleta
system, which brings them closer to the real object

Since dysplasia in the lower extremity is frequemtlcombination of anatomical and parametric
abnormalities, it can be considered that theirl imtpact will increase the negative effect on tbings
function. We have not found any similar studiethi@ available literature.

The purposeof the work was to study the correlation of strgisain state of the "hip-knee joint"
system in the norm and with the increased cendegthyseal angle (CDA) in dysplasia.

Materials and methods.In this work, we studied the “hip-knee joint” systeSSS with the
changed cervical-diaphyseal angle of the femurtaadchormal knee joint. The studies were performed o
a volumetric model of the lower extremity, develde the Biomechanics Laboratory of State Instituti
«Sytenko Institute of Spine and Joint Pathology N&\bf Ukraine». Three models have been constructed
with the CDA 127°, 90° and 160°.

The model has restrictions on movement, the hemt lamd the foot bones are fixed. The single-
support standing was considered. The main loaai®ody weight: the mean value for an adult is MO0
excluding of the weight of the support foot frore tbad: 700-126 = 574 N. The musculoskeletal apgpara
action was replaced by the equivalent load acti&8Q N), which is added to thchanter majorAngles,
applications and load values were taken accordinige studies [6, 14]. The finite element modelsists
of 902647 10-node tetraidal finite elements witladpatic approximation [9, 15]. The calculations ever
performed in the Solid Works software [10].

The calculations took into account different typé®iological tissues: cortical and spongy bone,
cartilage tissue, the material was considered hemegus and isotropic. The data that are most cotymon
found in the literature are used in the work [12].

Results of the study and their discussiorlhe model's calculations with the CDA of 127° (fig.
showed that in the hip joint, the femoral neckis mnost stressed, where the stress level react@dPA.

The stress values by Mises in the central parheffemur both on the medial and on the lateral
sides reach values of 15-18 MPa. In the proxinghton the medial side, the stress magnitude bgMis
is 11.1 MPa, and on the lateral side - 3.5 MPa.

The stress distribution in the knee joint accordmiylises is equal to 11.2 MPa on the medial side,
and to 2 MPa on the lateral side.

» = sl g2 e Comparison of the study rest
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a b c tubular bone elasticity in the work of
Fig. 1. The stress distribution according to Misethe proximal tibiaat ~ author [8] is 15500 MPa (18350 MPe
CDA 127°: a) frontal view; b) medial view; c) latdériew. our study).

Comparative analysis of the stress condition irktiee joint to the work of the authors [10] shows
that the nature of the stress state distributidnoides, the medial side of the knee joint is m&iressed,
and the lateral side is less stressed.
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The model calculations at CDA 90° (fig. 2) showttimathe area of the hip joint, as in the previous
calculation, the most stressed is the femoral nawkihe level of the stress state is much higd&r4 MPa

(27, 6 MPa for the model is normal).
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Fig. 2. Stress distribution by Mises in the desigodel at CDA
90°: a) frontal view; b) medial view; c) lateral view.

The stress values by Mises in the central
of the femur on both the medial and lateral sides
reach values of 18-21 MPa (15-18 MPa for the
model is normal). In the proximal tibia, the level
of stress also increased and was 17.9 MPa on the
medial side (11.1 MPa for the normal model) and
9.1 MPa on the lateral side (3.5 MPa for the
normal model).

Also, in the tibia as a whole, there was the
SSS increase in the knee joint. Thus, on the
medial side, the stress magnitude according to
Mises is 21.6 MPa (11.2 MPa for the model is
normal), on the lateral side - 1.7 MPa (2 MPa for
the model is normal).

Comparison of the study results with the
work of the author [8] shows that the maximum
stress value by Mises in the work [8] is 66.3 MPa
(42.4 MPa in our study

The difference in values is explained by both #etdrs mentioned above and the difference in the
CDA value. In the work [8], the angle of 10®C in our research) was studied.

The model calculations at the CDA equal to 160Q5. &), show that in the area of the hip joint, as
well as in the previous calculations, the mostssted is the femoral neck, where the level of ttesststate
reaches the value of 26.5 MPa (27.6 MPa for theahischormal).
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Fig. 3. Mises stress distribution in the design elad CDA of 160°:
a) frontal view; b) medial view; c) lateral view.

The stress values by Mises in the
central part of the femur from on the medial and
the lateral sides reach values of 12-23 MPa (15-
18 MPa for the model is normal). In the
proximal tibia on the medial side, the stress
value by Mises is 9 MPa (11.1 MPa for the
model is normal), and on the lateral side - 3.5
MPa (3.5 MPa for the model is normal). The
stress distribution in the knee joint shows that
on the medial side, the stress values by Mises is
13.1 MPa (11.2 MPa for the model is normal),
and on the lateral side - 3.8 MPa (2 MPa for the
model is normal).

Stress distribution in the knee joint
according to Mises is equal: on the medial side,
the stress value is 13.1 MPa (11.2 MPa for the
model is normal), and on the lateral side - 3.8
MPa (2 MPa for the model is normal).

Comparison of the study results with the work af guthor [8] shows that the maximum stress
value by Mises in the work [8] is 73.2 MPa (26.530R our study). In contrast to the previous caltiahs,
the difference in the stress state is sufficiert ins not explained by the factors mentioned advhe
difficulty of comparison is caused by the lack afaern works to study the CDA effect on the strésges
of the femur. In the work of the authors [10], wbarried out studies by another method (analytical
estimates of the stress state with the changed CIh&)CDA ratio with the maximum stress value @sel
to that in our studies. The minimal stress valugSA are 138 and 1500 [10] (in our study - 1270 and

1600 respectively).

The comparative analysis of the calculations perémt for models with different CDA is presented

in table 1.

Thus, the study showed that the CDA reduction l¢adssignificant increase in the stress state not
only in the neck of the femur, but also in the kjoéet, with an increase in CDA, the growth of S&®urs

slightly, mainly in the lateral part of the kneénjo
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In the available literature, we have practicallitefd to find works in this formulation of tasks.
Somewhat close to our study are the works by Rdlbddov and S.I. Loginov [5] in the clinical field
confirming our calculations and hypotheses [2].

Table 1
Comparison of the stress values by Mises at diffené CDA in the femur and the knee joint
Segment Normal CDA 90° CDA 160°

Neck of the femur 27.6 42.4 26.5
Medial side of the femur 18.9 22.7 22.6
Lateral side of the femur 15.3 18.3 12
Medial side of the knee joint 11.2 21.6 13.1
Lateral side of the knee joint 2 1.7 3.8
Medial side of the tibia 11.1 17.9 9
Lateral side of the tibia 3.5 9.1 3.5

We believe that expanding medical knowledge abbeatdorrelation and mutual influence of
pathological changes in the dysplastic joints Wélp to change the tactics of conservative andicairg
treatment, especially at the early stages, whighifscantly inhibits development of arthrosis.

Because the technologies for radical eliminatiodysplasia at the cellular level are at their atiti
stages, such a complex and multidisciplinary probtequires further study, which will influence the
inhibition of dystrophic processes.

1. The CDA change leads to an increase in SS&ithip and knee joint” design models.

2. CDA reduction leads to an increase in SSS Ioatiei femur and the tibia, to a greater extenhen t
medial side. At CDA equal to 90°, stress in thekrdc¢he femur and in the knee joint grows pradijdavice.

3. At CDA of 160°, the stress state in the bonemsgavithin 20%. In the knee joint from the lateral
side there is stress increase by 47%.

4. A direct correlation between the stresses imtbdel of the lower extremity with CDA changing
is established.

5. An increase in the SSS in the model of a norknale at 160° CDA may be a “risk zone”
especially for its lateral surface under the dysipl@onditions.
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B3A€MO3B’' 130K HAIIPY>KEHO-

JE®@OPMOBAHOI'O CTAHY
B KIHEMATUYHOMY JAHIIO3I «KKYJbIIOBO-
KOJIIHHOTI'O CYTJIOBY>» ITPU 3MIHI
IIAAKOBO-IIAPIZAPHOI'O KYTA
B YMOBAX JUCTIJIA3II
3enenensknii I.b., Mitenesa 3.M., Cuicapenxo IL1.,
Specsko A.B.

CraTTioO TPHUCBSIYCHO IOCIHIIKEHHIO OloMeXaHIuHKX
MOPYIICHb PH AUCIUIACTHYHOMY MPOLEC] y KYJIBIIOBOMY Ta
KOJIHHOMY CyTii00ax 3 BHKOPHCTAHHAM MOJEINi KiHLIEBUX
€JIEMEHTIB MPH Pi3HUX MIKiKOBO-miadizaprux kyrax (LK)
MIPOKCUMAIBHOTO Bimainy crerHoBoi kictku. Ilpm HIJIK
piBaM 90°, Hanpy>KeHHS MIUHKH CTETHOBOI KICTKHM CKIIaJa -
42,4 MIla (27,6 B HOopMi). V NpOKCHMAaNbHOMY Bimmimi
BEJIMKOTOMIJIKOBOT KICTKHM PiBCHb HANPYKEHOTO CTaHy 3picC
Ha MexianbHid croponi xo 17,9MIla (11,18 Hopwmi), a Ha
narepaneHiii croponi 9,1 MIla (3,5 B nHopwmi). Tak Ha
MeJlialbHI CTOPOHI BeJIMYMHA HampysKeHb NopiBHIoe 21,6
MIla (11,28 HOpMmi), Ha naTepanbHii cTopoHi - 1,7 MlITa (2
B Hopwmi). st LK piBroro 160° Hampy»eHHst B o6nacti
KyJIBIIOBOTO cyrioba nocsrae 26,5MIla (27,68 nopwmi). ¥
MPOKCHUMAaJIBHOMY BiITiTi BETMKOTOMIIIKOBOI KICTKA Ha
MeJianbHill CTOpoHi HanpyskeHHst craHoBuTh 9 MITa (11,18
HOpMi), a Ha JatepaibHiil croponi 3,5Mlla (3,5 B HOpMi).
Posnoxin HampykeHOro CTaHy B KOJIHHOMY CyriioOi
MOKa3aB, 1[0 Ha Me[iaibHili CTOPOHI BElMYMHA HAIMPYKEHb
nopiBrioe 13,1 MITa (11,2 B HOpMi), a Ha JaTepasbHii
croponi - 3,8 MIla (2 B mopmi). IlopiBHsutbHUIT aHAaTi3
MPOBEACHUX PO3PaxyHKiB [uisi Mozeneit 3 pisaum LIJIK
nokasas, o 3MenienHs K npusBoguTh A0 3HAYHOTO
30LTBIICHHS] HANpPYXEHOT'O CTaHy HE TUIBKH B IIHHLI
CTErHOBOi KICTKH, aje 1 B KoOJiHHOMY cyrio6i. Ilpu
36impmenHi /K 3pocraHHs HampyskeHO-Ae(hOpPMOBaHOTO
CTaHy BiZIOyBa€ThCs HE3HAYHO, B OCHOBHOMY, B JIaTEPaNbHii
YaCTHHI KOJIIHHOTO CYyT00y.

Kawuosi caoBa: 3mina IIIJIK, HanpyxeHo-
neOpMOBaHUI CTaH CTETHOBOI KICTKH, MPOKCHMAIEHOTO
BII/IUTY BEIMKOTOMIJIKOBOI KiCTKH.
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B3 OCBA3b HATIPAKEHHO-
JE®OPMUPOBAHHOI'O COCTOSIHUSL
B KHHEMATHYECKOM [ENN «TA3OBEJIPEHHBI-
KOJIEHHBIMA CYCTAB» IIPU UBSMEHEHUH
HEEYHO-IUA®U3APHOI'O YIJIA

B YCJIOBUSX JUCILIAZUNA
3enenenxuii U.b., MurteneBa 3.M. , CHucapenko I1.H.,
Specsko A.B.

CtaThsl TOCBSILEHA HCCIEIOBAaHUIO OHOMEXAaHHUYECKUX
HapyIICHUH NPH AUCILIACTUYECKOM Hpolecce B Ta300€pEHHOM
U KOJIEHHOM CYCTaBaX C MCIIOJIB30BAaHHEM MOJIEIH KOHCYHBIX
JIEMEHTOB NPH PA3IMYHBIX WIEEYHO — AnadU3apHBIX yriax
(IIOY) npokcumManbHOro otaeia 6eapeHnoi koctu. pu Y
paBabM 90°, HanpsHKEHNE MK OeIpeHHON KOCTH COCTaBUIIA
- 42,4 MIla (27,6 B HOopmMe). B mpokcuMaibHOM OTHEINE
60JbIIE0EPIIOBOI KOCTH YPOBEHb HANPSHKEHHOTO COCTOSIHUS
BBIPOC Ha MequanbHOi cTopore 10 17,9MI1a (11,18 nopme), a
Ha sarepanbHoil cropoHe 9,1 MIIa (3,5 B Hopme). Tak Ha
MeJIalbHOIl CTOPOHE BeJMYMHA HanpspkeHuil paBHa 21,6 MIla
(11,28 Hopme), Ha narepanbHOii cTopoHe - 1,7MIla (2 B HOpME).
HOna  IIAY paBuoro 160° wHanpspkeHne B oOnacTtu
TazobeapeHHoro cycrasa gocruraet 26,5MIla (27,68 HOpMme).
B npokcumansHOM oTxene  OONBHICOSPIIOBOM KOCTH Ha
Me/MaabHOM CTOpOHe HampsbkeHue cocrasisier 9 MITa (11,18
HOpME), a Ha JiaTepanbHoil cropore 3,5 MIla (3,5 B Hopme).
PacnpezeneHue HaNPsHKEHHOTO COCTOSTHUSL B KOJICHHOM CYCTaBe
[10Ka3aJ10, YTO Ha MEJUAIbHONW CTOPOHE BEIMUYMHA HAIIPSHKEHUI
pasua 13,1MlIla (11,28 HOpME), a HA JIATEPAIBHON CTOPOHE -
3,8 MIla (2 B nopme). CpaBHUTEIbHBIH aHATH3 [IPOBEACHHBIX
pacueroB ansa mozenedl ¢ pasznuudbiM LAY mnoxasan, 4to
ymenbuieHue HI/1Y npuBoauT K 3HAYUTEIHHOMY YBEIUYCHUIO
HaNpsDKEHHOTO COCTOSIHUSI HE TONBKO B Imeiike OenpeHHOi
KOCTH, HO U B KOJIEHHOM cycrase. [Ipu yBennuenuu HIY poct
HaINpsHKEHHO-1e(OPMHUPOBAHHOTO ~ COCTOSIHHSL ~ HPOUCXOAUT
HE3HAYUTENILHO, B OCHOBHOM, B JIATEPAIBHON 4aCTH KOJEHHOTO
cycrasa.

Kirouesbie cioBa: usmenenue ILIJIY, HanpspkeHHO-
ne(OpPMUPOBAHHOE COCTOSTHHE OenpeHHo KOCTH,
MIPOKCHMAJIBHOTO OTAeNa 00bIeOepioBoil KOCTH.

Penensent JIsxoscrkuii B.1.

ANALYSIS OF DENTURE BASE IMPACT ON THE DENTURE FOUN DATION AREA TISSUES

e-mail: proportstom.umsa@gmail.com

The article presents the results of the study efdental base impact on the denture foundationte®ses. The study
was conducted in 149 patients aged 41 to 74 yBamsovable partial laminar dentures for the upperlawer jaws were made
of plastics "Ftorax" and "Etacryl-02" by three taologies: in a "water bath", in a dry polymerizexder the pressure and in an
advanced injection molding machine. The resultgiokd allow us to recommend the technology of maetufing removable
partial laminar dentures in the advanced injectimiding machine for using in dental orthopedicsicli

Key words: removable partial laminar dentures, polymerizaterhnologies, base plastics, denture foundatiea. ar

The study is a fragment of the research projectWiNgproaches to the diagnosis and treatment ofretsny adentia,
periodontal and TMJ tissue lesions in adults”, statgistration No. 0117U000302.

Modern orthopedic dentistry offers a large numbestauctures that are used in the restoration of
partial defects of the dental arches [6].

Rehabilitation of patients with partial teeth lossa difficult problem in the manufacturing
dentures, which must be high-grade as to functjomabthetic and psycho-emotional. Despite the
emergence of new base materials, acrylic plastiesisually essential for the manufacturing remowabl
partial laminar dentures [2].
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