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Problematika

n
tizuojanti apkrovas ir apsauganti nugaros smegenis. 

procento [1]
degeneracija, kurios sparta priklauso ir nuo
Viena
kita vertus, fizinis aktyvumas stiprina nugaros raumenis ir didina stuburo 

prevencijos bei reabilitacijos priemones. 

Tyrimo tikslas ir uždaviniai

Pagrindinis šio tyrimo tikslas yra skaitiškai ir eksperimentiškai ištirti 
j

dalies reabilitacijos metodus bei priemones . Šiam tikslui pasiekti formuluojami 
tokie uždaviniai:
1.

biomechaninio atsako tyrimais ir 
šiuolaikiniais stuburo sistemos acijos metodais, 

2.

atveju.
3. Nustatyti tiek mechaninius, tiek medicininius us

eksperimentiniams stuburo sistemos tyrimams atlikti.
4. Eksperimentiškai ištirti ciklin ir trumpalaik dinamin apkrov

stuburo sistemai.
5. stuburo sistemos stiprinimo ir 

reabilitacijos procesus, bei eksperimentiškai 

Tyrimo metodai

Stuburo sistemos tyrimai atlikti naudojantis teoriniais ir eksperimentiniais 
uro dalies modeliavimas 
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naudojantis CAD programa SolidWorks.
echnologijos universiteto 

Mechatronikos institute
jutikliu Keyence LK-82G ir osciloskopu 

Picoscope 3424. apkrovos poveikio stuburo sistemai tyrimas buvo 

aktyvumas buvo matuojamas naudojantis elektromiografu Telemyo 2400R G2, o 

universiteto Kauno klinikose naudojant 
LightSpeed VCT.

Mokslinis naujumas

1. Sudarytas eksperimentinis metodas, susidedantis iš mechaninio poveikio bei 
, leidžiantis 

vizualiai bei
2. Sukurtas modelis ir 

, veikiant
skirtingoms apkrovoms. Taip pat s dalies 

dalyje.
3. Sukurtas ir patentuotas treniruoklis, kurio efektyvumas stiprinant giliuosius 

nugaros

Ginamieji teiginiai

1. Sukurti

je stuburo dalyje bei i
degeneracijos laipsnius,

2. laikes
dinamines apkrovas, ir gali lemti

metu.
3. Sukurtas originalios konstrukcijos stuburo treniruoklio prototipas, veikiantis 

ir 

4. Stuburo treniruoklio poveikio juosmens raumenims tyrimo rezultatai rodo, 
kad šoninio lenkimo judesiai labiau 
aktyvuoja dauginius raumenis nei paprasto šoninio lenkimo judesiai. Be to, 
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juosmens rau .

1.
naudojamas naujiems neinvaziniams 
reabilitacijos metodams bei .

2. Suformuluota rekomendacija, kad šoninio 
ir yra naudingesni 

, bei sukurtas ir
atlikimui palengvinti.

Darbo 

5 publikacijose: 2
Web of Science
ir 3 Registruotas vienas nacionalinis 
patentas ir pateikta paraiška antrajam.

1. 6-

2. 21-oji „Mechanika-2016“ (Kaunas, 
Lietuva);

3. 12-oji tarpt Kinesiology and Exercise 
Sciences 2016“ ( , Graikija);

4. 22-oji -2017“ (Birštonas, 
Lietuva);

5. 29-oji konferencija „Vibroengineering 2017“ (Vilnius, Lietuva);
6. 23-oji -2018“ (Druskininkai, 

Lietuva);
7. 24-oji -2019“ (Kaunas, 

Lietuva);

Darbo apimtis

autoriaus 
97 puslapiai, 86

13 103 šaltiniai.
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1. 

slanksteliai, sujungti tarpslanksteliniais diskais

Tarpslanksteliniai 
diskai yra sudaryti iš gelinio minkštojo branduolio, skaidulinio 

Tarpslankstelinis diskas yra vadinamas 
didžiausia avaskuline nes

uoksnyje, o didžioji
dalis vyksta Bet koks 

okytis gali sumažinti disko 

st
yra susijusi su proteogli

minkštojo branduolio dehidratacija, skaidulinio žiedo taisyklingos 
irimu generacijai yra 
vertinama prieštaringai:

ir taip .
Aktyviu paros metu 

Nustatyta, jog nekintama gniuždymo apkrova 4,5 karto sumažina 
ksteliniame diske

[2]
[3]

dažniausiai atliekam
Tyrimai rodo, kad didelis lenkimo pirmyn ir atgal apkrovos dažnis, net ir esant 
nedideliam lenkimo momentui, lemia tarpslankstelinio disko išvaržos 

[4].
didesni lenkimosi atgal [5]

, išlaikyti reikalingas didesnis juosmens stabilumas nei pozicijai atsilenkus 
atgal.

ens stabilumo 
[6]. Modeliavimo rezultatai rodo, kad grynas šoninis lenkimas lemia mažesnius 

nedideliais 
atgal judesiais be 

ija 
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nei staigiam nugaros skausmui gydyti. Tiriant pratimus
, dažniausiai 

, o kartu 
atliekami dinaminiai, reikalaujantys 

[7].

prevencijos ir reabilitacijos 

2. 

Stuburo sistem in vivo 
veiksmingiau

užtikrinti aplinkos in vitro sistemai 
modeliuoti pasirinkta COMSOL MultiPhysics pr

2.1. Poroelastinis tarpslankstelinio disko modelis

Erdvinis L4-L5 tarpslankstelinio disko modelis,
,

, priklausomai nuo jo 
deformacijos per kietos medžiagos poras, . Skaidulinio 
žiedo skaidulos papildomai modeliuojamos kaip 7 vienas kito atžvilgiu 
sukryžiuoti 66°
sluoksniai. Ryšys t
aprašomas lygtimi: = (1),

– C – –
deformacija, B – Biot-Willis koeficientas, pf – .

remiantis Darcy‘io 
: = (2),

q – , – , –
klampa ir p – .

Tarpslankstelinio disko brinkimas modeliuojamas naudojant osmosinio 

= + 4 2 (3),
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i ir e – vidinio ir išorinio osmoso koeficientai, R –
konstanta, T – cF – i ir e –
aktyvumo koeficientai ir ce – .

modelio

2.2. Disko modelio validacija

Tarpslankstelinio disko modelis validu
(2.1 pav.).

krovos 
sukeliamas poslinkis yra 1–1,35 mm [8].
yra 1,24 mm. Taip pat patikrinta, jog po 16 val. 500 N apkrovos per kitas 8 val. 
disko aukštis 
tinkamai.

a) b)

2.1 pav. rtinimo schema, b) 

Šis tarps

pastovi 7,5 Nm

2.2 pav. pavaizduotas šios 
apkrovos sukelto ašiniame 
disko
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2.2 pav.
– m)

Didžiausias v
(0,0943 ir atgal (0,0944 ) . Visais atvejais 

–0,9 s, po to palaipsniui 
daugiausiai per 2-

greitis šoninio lenkimo atveju (30,31 proc.)). o kitimo tendencijos 

išilgai stuburo, taip pat parodyta 2.3 pav.)

2.4 pav.). 

, ,
nduolyje stuburo ašies kryptimi, 
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2.3 pav. Vidutini –

– šoninis lenkimas, AR – ašinis sukimas, EXT – lenkimas atgal)

 

2.4 pav.
branduolyje kitimas (FL – – šoninis lenkimas, AR – ašinis sukimas, 

EXT – lenkimas atgal)
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tyrimas 

Tirta šoninio lenkimo 10°
atgal ir ašinio sukimosi 2° ir 5° kampais
(3 laipsnis pagal Th ,

Nustatyta, kad tiek sveiko, tiek degeneruoto disko atveju disko 
skaiduliniame žiede susidaro jo branduolyje. Disko 

žiede. Esant sveikam diskui, papildomi 2° ir 5°
reikšmingie , esant pažeistam 

disko
kartu ir atgal.

Maksimalus s sveikame minkštajame branduolyje 

pagal sa 2.5 pav.). Taigi, gryno šoninio lenkimo judesiai yra saugesni ir 

minkštajame branduolyje.

 
2.5 pav. o greitis sveikame minkštajame branduolyje: PLB – grynas 10° 
šoninis lenkimas, E – 10° šoninis lenkimas ir lenkimas atgal, F – 10° šoninis lenkimas ir 

, LAR ir RAR –

Sudarytas ir validuotas -S1 
modelis (2.6 pav.,

j yj
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(2.6 pav.,
dalies tarpslanksteliniuose diskuose. 

a) b)
2.6 pav. Stuburo dalies T12-S1 modelis: a) baigtini

schema

Didžiausias deformacijas lemia ašinis sukimas ir šoninis lenkimas 
(2.7 pav.

-
prasideda degeneraciniai procesai.
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2.7 pav.

3. EKSPERIMENTINIAI STUBURO SISTEMOS TYRIMAI

in vitro
sistemos reakcija
stuburo dalys, kurios, kaip teigiama, labiausiai atitinka žmogaus stuburo savybes 
ir yra lengviausiai prieinamos.

Visas ki
laikiklyje, leidusiame iš

(3.1 pav.). Bandinio 

Gauta, kad st
0,54 N/mm, lenkiant atgal – – 0,26 N/mm, o lenkiant 
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N/mm. Tai, kad lenkiant atgal stuburo standumas yra didžiausias,

in vivo, tai rodo, kad raumenys taip 
.

3.1 pav. Eksperimentinis stendas:1 – bandinys, 2 –lazerinis poslinkio matavimo prietaisas 
Keyence LK-G82, 3 – bandinio laikiklis, 4 – osciloskopas Picoscope 3424, 5 –

kompiuteris

matavimai rodo, kad sveikas
mechanine sistema tiek str 3.2 pav.).

3.2 pav.
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stuburo segmentui 
tyrimas

Bandiniai buvo užšaldyti –20°C
dyti 0,9% (0,15 mol/l) NaCl tirpale 

+4° Tyrim trys pagrindin dalys: (1) o
a, (2) a ir (3) antroji bandinio

a.
naudojant LightSpeed VCT (GE 

CTDIvol
buvo 14,74 -ilgo rodiklis DLP – 899,74 mGy/cm, o vieno sluoksnio 
storis – 0,625 mm. Antrosios tyrimo dalies metu bandiniai buvo
ba Instron ElectroPuls E10000T specialiai suprojektuotais ir 
pagamintais laikikliais (3.3 pav.). Bandiniai buvo gniuždomi 500 N arba 1000 N

zdai buvo išsaugoti DICOM formatu ir 

,
,

3.4 pav.
ai.

a) b)
3.3 pav. : a) k VCT, 

b) b
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a) b)
3.4 pav.

apkrovos

statistiškai reikšmingai
ai.

3.1

3.1 („–“ rodo tarpslankstelinio disko 

Diskas h, 1 band., mm h, 2 band., mm
Viršutinis –0,508 –0,119
Vidurinis 0,242 –0,544
Apatinis –2,230 –2,005

tarpslanksteliniam 
diskui tyrimas

ElectroPuls E10000T ir gniuždomi 4 etapais: (1) pradine kvazistatine apkrova 
apkrovomis, (3) 10000 

pateiktas 3.2
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3.2 Apkrov duomenys

Etapas I II ir IV III
Bandinio Nr. visi visi 1,2 3,4 5,6

60 100 100 100 100 10000
Apkrovos dažnis, 
Hz 0,1 5 10 15 20 2 8 8

apkrova, N 300 300 300 300 300 300 300 650

apkrova, N 320 500 500 500 500 500 500 1000

apkrova, N 280 100 100 100 100 100 100 300

-ajame 
ciklinio gniuždymo (3 etapas)

20 Hz gniuždymo apkrova lemia di
15 Hz apkrovos (3.5 pav.)

tarpslanksteliniams diskams, kuris priklauso ir nuo apkrovos 
laiko.

Šiame poskyryje aptariami 3-ojo 3.3 poskyryje aprašyto tyrimo etapo –
–

3.6 pav.
2 o 8 Hz ir 

mm).

3.7 pav.
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3.5 pav.

a) 5 Hz, b) 10 Hz, c) 15 Hz, d) 20 Hz

3.6 pav.
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a) b)
3.7 pav.

500 N apkrovos

4. NEINVAZINIO STUBURO SISTEMOS REABILITACIJOS 

4. 1. (treniruoklio) prototipas

Siekiant 
neinvazinis 

– treniruoklis (4.1 pav., sudaro
maksimaliu 30° (1), slenkantis ir besisukantis 
skritulys (2), pedalai (3) pavara (4), pritvirtinta prie standaus 

Šoninio lenkimo pratimas atliekamas gulint ant nugaros
apriboti vieno

judesiai. Naudojantis treniruokliu galima atlikti kelis šoninio lenkimo judesio 
variantus: siekiant labiau apkrauti juosmens raumenis, kojos gali

,

pavara leidžia atlikti pasyvius treniruoklio judesius. Treniruoklis taip pat turi 
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4.1 pav. a) Stuburo treniruoklio prototipas: 1 – besisukanti plokšt , 2 – besisukantis ir 
slenkantis skritulys, 3 – pedalai, 4 – elektrom , b) aktyvumo 

– kompiuteris, 6 – elektromiografas Telemyo2400R G2

eksperimentinis tyrimas, kurio metu buvo matuojamas 12 (21,8 ± 
0,6 m.), kuriems nebuvo raumens,
skersinio pilvo raumens, dauginio ir tiesiamojo nugaros raumens
dalies aktyvumas, jiems atliekant šoninio lenkimo judesius

nenaudojant bei (2) atliekant 
šoninio lenkimo judesius naudojantis treniruokliu.
sudar

2400R G2 
(Noraxon USA, inc.) (4.1 pav., b)). Paviršiniai dvipoliai Ag/AgCl elektrodai 

(4.2 pav.). Gauti 
raumen aktyvumo
kompiuterine programa Noraxon MR 3.8. Tolesnei
atlikti 
šoninio lenkimo judesi ciklai. 

susitraukimo (MVIC) atlikti 
pasirinktas neparametrinis Friedmano metodas ( = 0,05).
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4.2 pav.
judesius su treniruokliu

Nustatyta, kad, ,
iki daugiau nei 45 proc. nuo 

MVRS, 
raumenis ir prieš tai nesitreniravusiems subjektams, o kartu padidina stuburo 
sistemos 

Tyrimo rezultatai (4.3 pav.) rodo, kad, su treniruokliu,
pilvo raumens aktyvumas (p = 

0,0001) ir skersino pilvo raumens aktyvumas (p = 0,0006), palyginti su 
duomenim
su 
= 0,0028).

statistiškai reikšmingas (p = 0,0881).

4.3 pav.
(M) ir su treniruokliu (SA): IO – , TrA – skersinis pilvo, MF –

dauginiai, LES – nugaros tiesiamieji raumenys

g (p )
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metu. Atliekant judesius su
(4.4 pav.) ir 

– su aiškiomis 
, atliekant 

su treniruokliu, išreikštos kreiv

4.4 pav. aktyvumas šoninio lenkimo pratimo metu: L –
kairysis raumuo, R – dešinysis raumuo, M – –

pratimas atliekamas su treniruokliu

Galima teigti, kad, su 

negu tuo atveju, kai pratimas 
atliekamas su treniruokliu (4.5 pav.

Statistiš
su 

treniruokliu.
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4.5 pav. – kairysis 
raumuo, R – dešinysis raumuo, M – – pratimas 

atliekamas su treniruokliu

4.3. 
eksperimentinis tyrimas

raumens, skersinio pilvo raumens, dauginio ir tiesiamojo nugaros raumens 
su treniruokliu.

ilvo raumenimis,
, palyginti su aktyvumu, kai pratimas atliekamas 

su vidini pilvo, skersini pilvo 
ir nugaros tiesiam raumen p < 0,0001, daugini raumen p = 0,0011 
(4.6 pav.).

o
pvz.,

4.7 pav.
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4.6 pav. su treniruokliu 
su treniruokliu ir kartu –

, TrA – skersinis pilvo, MF – dauginiai, LES – nugaros tiesiamieji 
raumenys

4.7 pav. – kairysis 
raumuo, R – dešinysis raumuo, SA – pratimas atliekamas su treniruokliu, SA+AH –

pratimas atliekamas su ilvo raumenis
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IŠVADOS

1.

tarpslanksteliniams 
diskams ir visai stuburo sistemai

išsamiai ištirtas. Nustatyta, kad šoninio lenkimo judesiai 
gali t stuburo sistemai

2. Sudaryti
ai, paremti ir leidžiantys

kad 
, palyginti su kitais stuburo 

šoninis lenkimas 
. Gryno šoninio 

lenkimo judesiai yra saugesni ir naudingesni nei atliekami kartu su kitais 

.
3. atlikti 

mašina, leidžianti išmatuoti poslinkius , ir 
sistema
ndiniuose. Tyrimo rezultatai rodo, jog apatiniai 

, o 2 Hz 
Hz apkrova.

4. Eksperimentiniai in vitro , kad 1000 N

rumpalaikes dinamines apkrovas tyrimo rezultatai rodo, kad 
8 Hz dažnio apkrova lemia mažesn tarpslankstelinio

trumpalaikei dinaminei apkrovai
dažnio apkrova, o, siekiant teigiamo poveikio tarpslanksteliniams diskams,
reikia nusta

5. Sukurtas ir patentuotas stuburo treniruoklis, leidžiantis atlikti šoninio 
lenkimosi judesius . Eksperimentinio tyrimo 
rezultatai rodo, kad šoninio lenkimo judesio atlikimas su treniruokliu 
statistiškai reikšmingai apie 1,70 karto ,
palyginti su šoninio lenkimo pratimo atlikimu .

su aros 
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ABSTRACT

Relevance of the topic

The human spine is a complex structure which carries the weight of the 
upper body, helps maintaining the upright posture, allows moving, amortises 
loadings, and protects the spinal cord. Any changes in this structure could lead to 
discomfort, loss of function, or pain. Musculoskeletal problems are one the most 
frequent causes of severe long-term pain and years lived with disability in most 
parts of the world as well as in Lithuania. For example, the global prevalence of 
low back pain increased by 17.3% between 2005 and 2015 [1].

Low back pain can be caused by various known and unknown disorders. 
One of the more common causes of low back pain is intervertebral disc 
degeneration. Although the exact cause of disc degeneration is still unknown, 
aging, genetic and biological factors may be regarded as significant players. 
Besides, the spine may be considered as a mechanical system, and intervertebral 
disc degeneration may be related with the history of mechanical loading. Due to 
this reason, mechanical measures may also be implemented in order to preserve 
or improve the condition of the human spine. For example, mechanical influence 
may be used to improve insufficient nutrition of intervertebral discs by 
increasing the diffusion of nutrients, or to strengthen the paraspinal muscles 
which are also important to the health of the lumbar spine as they stabilise the 
spinal column. Current studies represent various aspects of the spine research: 
from the cellular level studies to in vivo studies of the effectiveness of various 
exercise programmes or invasive procedures. The influence of various 
mechanical loads on the lumbar spine is also researched; however, due to 
different research methods or procedures, some contradictory results have been 
obtained, and there still is lack of knowledge regarding which types of spinal 
loadings, as well as which loading magnitudes and frequencies are harmful and 
which may be used as a foundation of new and effective measures for the 
improvement of the spine condition and the reduction of the prevalence of low 
back pain and other spinal disorders.

Given the increasing statistics of lumbar spine disorders and the fact that 
invasive lumbar spine treatment methods are less cost-effective, and some of 
them could lead to future degeneration of the nearby segments of the surgery 
site, noninvasive, easy and safe to use research-based measures for the 
prevention and rehabilitation of the lumbar spine are still in high demand.

Research Aim and Objectives

The aim of this research is to numerically and experimentally investigate 
the biomechanical behaviour of the human lumbar spine and to propose 
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noninvasive measures for lumbar spine prevention and rehabilitation. In order to 
achieve this aim, the following objectives are formulated:
1. To conduct a comprehensive literature review on human lumbar spine 

biomechanical behaviour and contemporary methods of lumbar spine 
prevention and rehabilitation.

2. To develop numerical models of human spine intervertebral disc and lumbar 
spine that would allow investigating the biomechanical behaviour of the 
lumbar spine under various loadings.

3. To identify the equipment and methods for experimental investigation of the 
biomechanical behaviour of the lumbar spine by incorporating mechanical 
and medical measures.

4. To experimentally investigate the influence of cyclic and short-term 
dynamic loading on spine segments.

5. To develop innovative equipment for the improvement of lumbar spine 
prevention and rehabilitation and to conduct an experimental study that 
would evaluate its effectiveness.

Scientific Novelty

1. An experimental setup that combines mechanical testing measures and 
computed tomography and allows to visually and numerically evaluate 
changes in spinal specimens has been developed.

2. A finite element model of the lumbar intervertebral disc has been created, 
and fluid flow velocity within the intervertebral disc due to the different loads 
has been calculated; also, a poroelastic finite element model of the lumbar 
spine has been used to evaluate the distribution of loading within the lumbar
spine.

3. A unique prototype of training equipment has been developed, and an 
experimental study presenting the effectiveness of the exercise performed 
with this equipment has been conducted.

Defended Dissertation Statements

1. The developed finite element models of the intervertebral disc and the lumbar 
spine allow researching the influence of various loads and their distribution 
within the lumbar spine, as well as to model various grades of intervertebral 
disc degeneration by changing the material properties of the model.

2. Previous cyclic loading has an impact on how the spine reacts to short-term 
dynamic loading, and previous higher frequency cyclic loading may lead to a 
smaller reduction of the intervertebral disc height.

3. The developed spinal actuator prototype has an original design, allows 
facilitating the performance of the active lateral bending exercise, and it 
affects the user with passive lateral bending moves.
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4. The results of the study of effectiveness of the spinal actuator validate the 
statement that the exercise of lateral bending constrained in the frontal plane 
targets lumbar multifidus muscles more intensively than the ordinary lateral 
bending exercise in the supine position. Furthermore, abdominal hollowing 
additionally increases the activity of trunk muscles during the lateral bending 
exercise.

Practical Value

1. The developed finite element model is useful for the investigation of the 
influence of various loadings on the lumbar spine, and this data may be used 
for developing non-invasive spine prevention and rehabilitation methods.

2. A recommendation is provided that the lateral bending exercise is more 
effective on the deep layer back muscles when performed strictly in the 
frontal plane, and a prototype of training equipment aimed to facilitate this 
exercise is developed and patented.

Structure of Dissertation

The dissertation consists of introduction, four sections, conclusions, a list 
of 103 references, a list of the author’s publications and one annex. The volume 
of the dissertation is 97 pages, 13 numbered formulas, 86 figures, and 10 tables.

The first section reviews the general knowledge of the anatomy of the 
lumbar spine, intervertebral disc nutrition and common spine disorders. A 
summary of the influence of various mechanical loadings on the lumbar spine is 
also presented and exercise therapy and spine rehabilitation equipment is 
overviewed before the formulation of the aim and objectives of the dissertation.

The second section presents mathematical models of the intervertebral disc 
and the lumbar spine. The intervertebral disc model is used to calculate the fluid 
flow velocity within the intervertebral disc as well as other parameters, while the 
lumbar spine model allows evaluating the load distribution within the entire 
lumbar spine.

The third section presents experimental in vitro studies of porcine spine 
segments. Response to impact loading and stiffness of the porcine spine segment 
is measured. Computed tomography is used to evaluate the influence of cyclic 
loading on spine segments, and changes of the response of porcine spine 
segments to short-term dynamic loading due to previous cyclic loading are 
investigated.

The fourth section presents the developed and patented training equipment 
for the prevention of function decline and for the rehabilitation of the lumbar 
spine. Also, the results of the in vivo study of the effectiveness of this training 
equipment on strengthening deep layer back muscles are presented.



32
 

In the Conclusions section, summarised conclusions drawn from 
theoretical and experimental studies are presented.

Conclusions

1. A comprehensive literature review on spine reactions to biomechanical 
loading, intervertebral disc degeneration and rehabilitation methods was 
conducted. It was determined that lateral bending moves of the human spine 
may have a positive impact on the nutrition of the intervertebral discs and the 
strength of the back muscles, but it is still scarcely researched, and lateral 
bending exercises are not widely included in spine rehabilitation programmes 
since there is lack of available equipment.

2. Poroelastic finite element models of the intervertebral disc and the lumbar 
spine were developed thus allowing to evaluate the influence of various 
biomechanical loadings. It has been found that lateral bending induces a 
higher maximum fluid flow velocity within the nucleus pulposus of the 
intervertebral disc than other spinal moves: 1.36 times higher than extension, 
1.67 times higher than flexion, and 15.79 times higher than axial rotation. 
When comparing the average flow velocity, the highest values are induced 
due to flexion and extension, but lateral bending induces the highest value of 
the velocity component in the axial direction of the spinal column in nucleus 
pulposus. Pure lateral bending is safer and more beneficial to perform as it 
leads to lower stress values of annulus fibrosus and a higher fluid flow 
velocity than coupled lateral bending.

3. An experimental setup consisting of a fatigue testing machine and a 
computed tomography system was developed in order to investigate the 
structural and geometrical changes of intervertebral discs due to cyclic 
loading. The results of this study showed that intervertebral discs positioned 
lower in the spinal segment lose more height than the upper discs, and that 2 
Hz loading frequency leads to a more significant height loss than 5 Hz 
loading frequency.

4. An experimental in vitro study of porcine specimens showed that a pure 
compressive load of 1000 N or the same compressive load combined with
flexion moves does not cause any noticeable damage to intervertebral discs. 
A study of short-term dynamic loading revealed that previous 8 Hz 
compressive loading leads to a smaller loss of the intervertebral disc height 
than a previous compressive load of 2 Hz frequency, and that the optimal 
loading frequency and time should be chosen in order to induce a positive 
effect of loading on the disc.

5. A spinal actuator – a piece of training equipment which allows performing 
lateral bending moves – has been developed and patented. The experimental 
study has shown that the lateral bending exercise is beneficial for 
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strengthening the multifidus and lumbar erector spinae muscles as it activates 
these muscles above the value of 45% maximum voluntary isometric 
contraction, which is necessary to increase the muscle strength in previously 
untrained subjects. Moreover, the lateral bending exercise performed on the 
spinal actuator significantly increases the activity of the multifidi muscles by 
1.70 times compared with the lateral bending exercise without any assisting 
equipment and is an even more effective way to strengthen the deep layer 
back muscles. Abdominal hollowing during the lateral bending exercise on 
the spinal actuator significantly increases the muscle activity of all the four 
measured muscles.
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