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Abstract
Large standard deviation can be observed during the analysis of the kinematical functions whicl
describe the motion of the knee-joint. Screening the previous large number of published r%ult:
concerning to the knee motion it seemed that they are scattered, therefore it can be regakded
unreliably. In our experiments anatomical coordinate system recommended by VAKHUM go-
ject was used in favor to reduce standard deviation. Setting up the anatomical coordinate syste
in its special anatomical points are very uncertain. A protocol was settled for the orientation Bf th
anatomical points and for the anatomical coordinate system. Experiments were pdpfiermed on
cadaver knees using the new protocol. The measurements were analyzed which has proved th
the method offers a better accuracy.
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Introduction of the knee was analyzed by Bréauwwith
photographs taken from two directions. It was
The knee-joint is one of the most complewt possible to describe thepbdlift three
joints of the human body. The scieninter- dimensional motions on the contemporary
est have been focusing on the biomecharn®sl of technology, but the effect of passive
of the knee for a long time. A lot of studiemdrotation was described by him. The angu-
often opposite to each other are publishied interpretation method was framed by
on this scope. One of the biggest problem&i®od & Suntdywhich was needed for the
to describe the motions, because an anatodascription of the knee motion (JCS — Joint
cal coordinate system is needed toteede Coordinate System). So, the possibility of uni-
but there is no generally accepted standémdm communication was established between
method. engineers and doctors, but at the same time
convenient recommendation was not given for
The motions of knee joint can be describéte dénition of axis of motion.
more precisely by means of anatomical coordi-
nate system, which assists to compare e fact that the knee joint has two axis of
results of measurements of different researatation was found by HollisteThese are the
teams. The results of the research can be as@s oRexion-extension and axis of external-
ful for surgeons as well to prosthesis designimgernal rotation. Abductional motion was
measured only occasionally, possible due to
Weber brotheté dealt with the kinematics the different sizes of the two condyles. The
of walking in the XIX. century. The motiondransepicondylar axis is traditionally used for
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the determination of axis&xion-extension, P
which is the junction-line between the laterj "asheerenal plane
and medial epicondyles. It was found f
Churchilt that the axis dBexion-extension
was approximated properly by this axis, but
nowadays it seems to fall. It is confuted by a
of studied®8that the two axes are the sam
It is accentuated by other studig8: 12.13.17
that the determination of the transepicondyl
axis is very unsure. It can be just like 15° diff
ence between the axes in case of diffel
researchers.
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for the analysis of motion of the knee usi
an experimental test rig built by the researchrigure 1The anatomical coordinate system
team. The measurements were analyzed of the femur
using a (anatomical) coordinate system in
favor of comparability. It is still very importantdicular to the plane (quasi-coronalprued
to increase the precision of determinationby the three anatomical points (hf, me, le),
because Biro et?iave considered that large positive direction to the anterior
differences can be seen in the kinematieathe z axis of the coordinate system is mu-
functions if the same measurement was andually perpendicular to theand the yaxis
lyzed in anatomical coordinate systems withwith positive direction to the right.
minimal differences. Our measurements were
determined on the basis of recommendationiofcase of the tibia, the anatomical coordinate
VAKHUM project® The anatomical coordi- system can be determined by its four typical
nate system can be determined on the fenamatomical points. These anatomical points
(Figure 1)pn the basis of this recommendaare the head ddbula (hf), tuberositas tibiae
tion, by using three typical anatomical poinfg), medial (mm) and lateral (Im) mallelous.
on it. These are the head of femur (fh), thhe rules of the determination of the coordi-
medial (me) and lateral (le) epicondyles. Theate system af€igure 2):
rules of the determination of the coordinatethe origin (QQ of the coordinate system
system are: is the midpoint of the junction-line
— the origin (Q of the anatomical coordinate between the lateral (Im) and medial (mm)
system is the midpoint of the junction-line mallelous
between the medial (me) and lateral (le) epi-the y axis of the coordinate system is the
condyles intersection of the quasi-coronabfued by
— the yaxis of the coordinate system is the linehe mm, Im hf points) and quasi-sagittal
between the origin and the fh point positive(orthogonal to the quasi-coronal plane and
direction upwards contains Qand tt points both) planes with
— the xaxis of the coordinate system is perpenpositive directions upwards
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tiblalMibula
quasi-sagittal plane

Figure 2The anatomical coordinate system Figure 3The joint coordinate system (JCS)
of the tibia

— the xaxis of the coordinate system is pether points (me, le, hf, tt) can be determined
pendicular to the quasi-coronal plane witbn the whole cadaver body or onhked
positive direction to the anterior resection in the equipment also.

— the zaxis of the coordinate system is mutu-
ally perpendicular to theand y axis with  Polaris infrared optical positioning system
positive direction to the right. (Figure 4)was used for the determination of

the position of the anatomical points during

These anatomical points are needed to the experiments The placed trackers’ posi-

determined during the experiments. The metiens were measured by the Polaris system in

surements were carried out on an experiméne coordinate systémxed to the still environ-

tal test rig with resected cadaver knees, so so@et. The two moving trackers were attached

of the anatomical points (Im, mm, fh) on th& the femur and the tibia so they represented

whole cadaver body had to be determined. Tiggd body. The system is suitable for measur-
ing the location of points in the coordinate sys-

’i’ ¥ ,,_nl_ tem attached to the still environment which
3 ; are shown by a pointer tracker. All of the ana-
‘ “ﬁ h g tomical points can be marked by the pointer

with exception of head of femur. The location
of the head of femur can be determined only
with calculation.

The head of femur can be approximated with

Figure 4The experimental equipment with @ sphere. If an orbital motion is performed by
the Polaris system the femur then its motion is spherical motion
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around the center of femur head. The motidrhree marker screws are enough for the trans-
of the tracker attached to the femur alsof@mation, but the precision of the transforma-
spherical motion in this case. The center tidn can be increased by increasing the num-
femur head can be calculated from the mezer of the screws.
surement data.

A rubber belt which was the muscle model of
The place of the trackers of the Polaris systitm quadriceps was attached to the ligament
was changed after the necropsy of the cadafeihe quadriceps on the cadaver kxeel
body andpxing the knee in the equipmentin the equipmentFigure 5).The load was
The anatomical coordinate system has to diéached to a rdexed in the tibia by a cord
known in the equipment also for the evaludFigure 4)The operation of the whole equip-
tion of the measurements performed in tmeent was published by Székéhrlier. Two
equipment. So every location of the anatontypes of measurements were carried out dur-
cal points have to be measured in the absoiagethe experiments:
coordinate system of the Polaris system. Buype 1.: The load was increased which
the transformation of the location of the caused thBexion of the knee. The load was
resected anatomical points has to be ensuretbcreased after the tdiekion of the knee
to the equipment. till the knee went to totally stretched posi-

tion.

Six marker scre\{Sigure Swere used for this — type 2.: The force was decreased in the rub-
purpose on every bone, which were screwdaer belt which is the muscle model of the
in the bones. The location of them was meaguadriceps, so tHgexion of the knee was
sured on the whole body and the cadaver knamcreasing. The force was increased in the
bxed in the equipment also. So the connectionubber belt after the toB&xion till the knee
was established by the screws between the twent to totally stretched position.
states. The resected anatomical points can be
transformed to the equipment by the use Dhe soft tissues were removed from the bones
the coordinate system attached to the screatshe end of the measurements and the loca-
tion of the anatomical points was measured in
the coordinate system of the Polaris.

=% TQuadriceps model
rogzitésére
szolgald lapka

The use of Euler angles became general for the
description of the motion of the knee. The
anatomical coordinate system of the femur can
be rotated into the anatomical coordinate sys-
tem by these angles in case of the right order of
them(Figure 3)The order of the Euler angles

. are: Bexion-extension, abduction-adduction,
intracorticalis external-internal rotation.

csavar

The angle oBexion-extension is the rotation
around the zaxis of the anatomical coordinate
system of the femur (nearly transepicondylar).

- The external-internal rotation is the rotation
Figure 5The prepared cadaver knee around the yaxis of the anatomical coordinate
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system of the tibia. The angle of abductiomhe effect of the inaccuracy of determina-
adduction is rotation around the axis which i®n of the anatomical coordinate system to
mutually perpendicular to the previous twthe changing of functions of the kinematical

Al KONFERENCIA — A-0030

axesffoating axis). parameters is detailed in the work of Bird
et al
Results The lack of accuracy can be originated to X

more than one reason, for example the error of<Z,:
Repetitions were done from all types of ttiee transformation of the evaluation method. 5
measurements at three times, becauseTlé reason of this is that the marker screws ared
decreasing the errors of the measurementssiisated on a cylinder with small diameter. %
marker screws were used instead of the neebleals the angular error of the coordinate sys- m
three for the transformation of the anatomici@m attached to the marker screws — which &
points which could also help decrease the stequires the transformation — is relatively >
of errors. The measurements can be solitHyge. Another reason of the lack of accuracyZ
reproducedFigure 6)and the motion of the can be also the evaluation error of the center of§_
knee is independent from the type of the mehe head of femur. The hip of the dead body ¥
surements. The functions of rotation againsannot béoxed totally sty during the mea-
Rexion divides in the range of the measumasrement for the determination of the center
ments between 25-707Rekion in the range of the head of femur. So there is a little motion
of 2° of rotation. The reason of this can be tloftthe hip during the measurement. On the
the angular speed Béxion is increased inother hand the measurement error of the
this range, so the reception of the sign®&slaris is appeared in the results during the
changed. The level of the rotation comparedaluation of the location of the head of femur.
to the abduction is quite less and the most part
of the changing of rotation starts in the randeain the reason of the accuracy of the deter-
of starting 35° @exion. mination can come from the fact that the ana-
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Figure 6Rotation and ab/adduction functions ag8&iesibn in experiment no. 7.

97



4. MAGYAR BIOMECHANIKAI KONFERENCIA — A-0030

Biomechanica Hungarica lll. évfolyam, 1. szam

tomical points are not exact, precisddp-de external-internal rotation and abduction-
able points. They have to be markedmmita adduction functions agaitf&xion were rep-
size area. resented during the evaluation of these mea-
surementgFigure 8, Figure 9)he functions
It follows that different points are markedf rotation againddexion are parallel inde-
always at the repetition of the pointing (withendent from different cadaver knees and the
the largest attention also). So, a lot of anatoenrors of anatomical coordinate systems. The
ical coordinate system can be determined clfusetions were represented that the starting
to each other. The anatomical points weretation and adduction were 0° in favor of
marked in the equipment again in favor @omparability. It can be seen, that the kine-
estimation of these errors and the kinematio@dtical functions are in the same range in case
functions were also evaluated in the anatd-four frombve knees. Deviation appeared in
mical coordinate system determined this timenly one case. The reason of relatively little
deviation between the four case can be the pre-
The effect of the anatomical coordinate sysriousness of the determination of anatomi-
tems close to each other can be followed in ¢thé coordinate system detailed previously. It
form of the functions of the same measungas noticeable in case of the very different
ment(Figure 7)It can be seen that the funcfunction (No.4) that the knee was in unusual
tions of rotation agairf&xion are almost par-valgus position which can be seen on its ab/
allel in the range of the starting 50° oBétxe adduction functioiFigure 9)If there is rela-
ion. The characteristic of the functions totaltively large angle between the axdexibn of
changes after this range. The functions of #@lbé anatomical coordinate systejnafzd the
adduction againfexion start from nearly thetransepicondylar axis then the function of
same value, but their characteristic are totadkternal-internal rotation changes sigatly
different. (Figure 8).

The measurements were carried oubwn It can be established that the knee starts from a
cadaver knees written down previously lateral rotated position and ends in medial
predict the possibility of generalization. Thegosition during th&exion. The most part of

——P09_eeee_csokkgumid_rotation
e P09_s555_c30kkgurni3_rotation
P09_eeee_csokkgumi3_ab/adduction

~—P03_s555_csokkgumi3_ab/adduction

rotation/ab-adduction [7]
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Figure 7Rotation and ab/adduction functions ag8iesion of the same measurement evaluated
in different anatomical coordinate system in experiment no. 9
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Figure 9Ab/adduction functions agaiflskion of thé&ve experiments

the changing of rotation is in the range of stasthmendation of VAKHUM project is well
ing Rexion around 30-35°. The value of thestablished. The protocol is suitable for the
abduction-adduction is much less than thietermination of the anatomical coordinate

value of rotation. system and for the measurement. Less stan-
dard deviation can be found in the kinematical
Conclusion parameters with the use of our earlier pre-

sented evaluation method.
The motion of the knee is described by the use
of different anatomical coordinate systems dihdan be established also, that it is very impor-
angles determined with different methods tant to determine the location of the anatomi-
the professional literature. Accordingly largal points more precisely and to reduce the
standard deviation can be found in the kingansformation errors during the transforma-
matical parameters. tion of the location of anatomical points.
Experiments are performed parallel with pres-
The following facts can be drawn on the basist work for minimalization of these errors
of the published results that the use of our a@&d for determination of the sensitivity to inac-
tomical coordinate system based on the rearacy.
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Introduction

We use functional electric stimulation (FES :
in the treatment of spinal cord injured patien /
since 2005, in pursuance of this we use a s
ulator and electrodes to make the paralyz
muscles of the lower limb drive the pedal o
stationary bicydlé-3 The stimulation pattern
for this device is developed by studying mug
activity patterns of healthy subjects. Tt
healthy muscle geometry can only be m
sured with expensive diagnostic devices/md ;
ods (MR, CT). Our aim is to develop a method, Figure 1A subject during the measurement
based on kinematic data (coordinates of ultra- (the colored points show the places where
sonic markers) accessible by movement ana- the markers were placed)
lyzing systems and it describes mathematically
the changes of the muscle geometry durimgthe sagittal plane directed forward, and z is
movements, in our case during cycling loweerpendicular to the x-y plane directed upward.
limb movement. We discern relations of gebhis system has widely been used in studying
metrical changes and muscle activities. multijoint movements>6 Kinematic data
(marker coordinates) were assessed with sam-
pling frequency of 50 Hz.
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Methods

Then intrinsic local coordinate systems were
First, 3D coordinates of the markers, placedaapPned (one in the ankle and one in the knee),
anatomical landmarks of the left lower limthe origo of these coordinate systems were
(Figure 1.)vere measured. The measuremeptaced into the suitable rotation center.
device was an ultrasonic movement analyzing
system (CMS 70P, Zebris, Isny, Germanyd localize the rotational center in the knee,
that locates the place of ultrasonic speakirs coordinates of the marker placed on the
using three ultrasound sensitive microphonéeteral epycondyle were translated along the
This system applied a 3D coordinate systexhdirection with half of the distance of the lat-
the X-axis is horizontal in the frontal planeral and medial epycondyles. In the ankle the
directed medial to lateral, Y-axis is horizontedordinates of the rotational center was com-
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puted from the coordinates of the markdhe spatial coordinates of the attachment
placed on the lateral malleolus by translatingiints of the muscles were determined in these
with 30 m along the X direction. This distancepordinate systems as function of time. Data
was a theoretical approximation of half of tfi@m literaturé® were used to compute the
distance of the lateral and medial malleoli. location of muscle attachments. The muscle
length and its speed of change can be com-
The hip rotational center was localized tranputed by trigonometric equations during the
lating the coordinates of the marker placed whole time of the movement. The algorithm
the greater trochanter along the X axis wittas applied on 41 healthy subjects. The length
60 mm. This distance was a theoretical appraxd its change as a function of time of the sub-
imation. jects’ Quadriceps and Biceps femoris were cal-
culated using the received data during the
Three axes wereldeed in the knee (the origmovementFigure 2 and 3, Equation 1 and 2).
is in the rotational center): the Y-axis was _ .
. - . y=ayt fytiy
pointed to the rotational center of the hip, 1 —
X-axis was pointed to the lateral epyconc 2 = V& R
(where the marker was placed), the Z-axi fu =V f*-R*
the cross product of the Y- and X-axes. Tliu=R
three axes weretgeed in the ankle: the Y-axis .
: ; =2 S(+ + )
was pointed to the rotational center of t
knee, the X-axis was pointed to the late 1=arccos§
malleolus (where the marker was placed),
Z-axis is the cross product of the Y- and ,= acos —
axes.

1)

)

Figure 2The schematic
3D bgure of the
algorithm used for

the computation of

the length of

the Quadriceps

Rotation
center ~~_

Figure 3Two of the
axes dened in
the intrinsic coordinate
system of the knee,
the third one (2) is
visible orgure 2.
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WhereM, is the muscle length, is the sec- Results

tion of the muscle that belong to the patglia,

is the section of the muscle from its origin tiowas observed in the case of the Quadricep
the patellag, is the section of the muscle fronfFigure 4.)that the largest extension of the

its insertion to the patella (patella ligamentpuscle (largest length) coincides with the
ais the distance between the rotation centargest electric activity of the muscle (the max-
(O) and the insertion of the patella ligamemium of the EMG curve), so the muscle activ-

(P,)), fis the distance between the rotation ceity is highest at the maximal length of the

ter and the origin of the musclg,M is the muscle.

radius of the knee, B the insertion and,fs

the origin of the patella ligamenls the knee In the case of the Biceps femoris the highestg
angle (spanned lyandf), [ is the angle electric activity can be observed during them
spanned by the vectors @fd OR), Bis the extension of the mus¢kgure 5.)From our g:i
angle spanned by the vectors, QW] is the data, it is obvious that the maximum length >
insertion of the muscle) and QMEis the of one of the observed muscle coincides withg
angle belonging to the ark)iall angles were the minimal length of the other, antagonist E
used in radian. muscle. ~
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Conclusion Discussion

Observing the electric activity and leng#inthropometric data of individual subjects are
of Quadriceps, the following contexts werequired to dene appropriate electrical activ-
deduced: ity patterns and forces of muscles rotating par-
ticular joints. Muscle synergy depends on
« When the muscle shortened maximally th@uscle geometry. Thus the quantitative anal-
length of the muscle begins to extengis of changes in muscle length is essential to
through the effect of the antagonist muscleédrne stimulation patterns for functional elec-
(or through other force, that is in terms dfical stimulation of people with paralysed
the examined muscle exterior strength) limbs. The relation between joint rotations
and muscle length is studied for healthy sub-
« Due to the extension, and the regulation géctdl Based on this approach we proposed
the motion (to increase the stability) electgpatio-temporal cooperation of Kdeeor and
signs arrive into the muscle, this leads to tagensor muscle.
deceleration of its length change
With the calculated contexts, the stimulation
e Under the maximum electric activity of thg@attern used in the FES treatment of the spi-
muscle (at the maximum of the EMG curvejal cord injured patients is micalble. The
the extension of the muscle stops, indeed therapy becomes moréaiént thereby, that
muscle begins to contract an artbcial pattern was provided, which is
biologically inspired and it takes notice of indi-
e Decreasing electric activity was observedual anatomic data. There is apnity of
during the contraction, what can belifferent combinations of muscle activities to
explained with the muscle force of the othperform a motor task as cycling. The proper
lower limb. For example the Quadricepsoordination and regulation of such move-
shortening not ensues only because of tients may depend on geometric properties
own effort but the effort of the Biceps femand may be enhanced by studying muscle syn-
ris of the other lower limb. Thus, it is noérgies using theoretical approaches even with-
necessary to produce high electric activityt expensive experiméAtsiowever in our
(force) to maintain the motion, it is moré&nowledge no detailed quantitative analysis of
necessary during the switch between stretofuscle coordination is given for cycling lower
ing and shortening, when the contractiolimb movements. Our presented method is a
begins in the required muscle. research tool for further development df-arti
cially designed muscle activity patterns. The
The electric activity of the Biceps femoris musext step is to establish 3D muscle forces
cle shows that this muscle plays an importaetuired to execute a planned movement of
role in the regulation of the motion therebwy limb with given muscle geometry.
that its activity is maximal at the time when
the velocity of the stretching grows, so its activ-
ity makes the knee not to bend but it sets back
the extension ofit?
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A KEZDETI RUGALMASSZAKASZBAN

Kurutzné Kovacs MafaOroszvary LasAd

1 Budapesti Mszaki és Gazdasagtudomanyi Egyetem, Budapest
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Absztrakt

A sulyfurdda magyar reumatoldgia egyik legnagyobb gyakorlatkféfelfedezése. Ered-
ményeként az izmok ellazulnak, a gerinc megnyulik, a porckorongsérv visszahtzodik, a fajda
lom enyhl, a ndéét megefzhetd Ez a konzervativ kezelési mdd hazankban tébb mint fél
évszazada széles korben elterjedt, sikeresen alkalmazzak, azonban kilféldén nem ismerik, miv
korabban nem allt rendelkezésre a beavatkozas szthemkéchanikai elemzése. A kdzelmult-

ban a kezelés biomechanikai hatterének elemzése és adkebghgalasok in vivo kisérleti
meghatarozasa, valamint a kezelés hatékonysaganak klinikai kisérleti bizonyitdsa megtortér
elemes numerikus szimulécioval vizsgéljuk a kezelési folyamat mechanikai kérilményeit és
hatékonysagat. A sulyfikdzelés egy tipikus viszkoelasztikus folyamat. A jelen tanulmanyban
ennek a kezdeti rugalmas szakaszat vizsgéaljuk. A szamitasainkat a lumbdlis L3—-S1 gerincszaka
egy tipikus szegmentumanak a végeselemes modellje alapjan végezzik, amelynek hizasi any:
allandéit a sulyfurden végzett in vivo kisérletek alapjan allapitottuk meg, nyomasi anyag-
allandéit a szakirodalombdl vettiik at. Szamitasaink alapjan bebizonyitottuk, hogy a 40-45 é
kozotti korosztaly lumbdlis szegmentumai a legsérilékenyebbek, a téd@dds gbran a
szegmentdlis stabilitas&idik. Megallapitottuk, hogy a sulyfiezelés indirekt és direkt
nyujtasi szakaszbol all. A porckorong bilineérisan viselkedik: az indirekt szakaszban nagyobb
nyujtassal szembeni ellenallasa, mint a direkt szakaszban. Emiatt, annak ellenére, hogy a dire
nyUjtéerdcsak mintegy 6%-a az indirekt nyljiiek, a direkt megnyulasok 20-80%-at teszik

ki az indirekt megnyulasoknak a szegmentum életkoratdl és degeneracios allap@tatol fiigg
Ugyanakkor a direkt szakaszban a porckorong fesziiltségi tehermentesiilése csupan 2—8%-ot t
ki. Kovetkezésképpen a tobbletstlyokkal vezérelt direkt rik@téiorban a porckorong meg-
nyllasaiért felgek, ebdézve az ideggyokok felszabaditasat a kompresszids deformaciok aldl;
ugyanakkor a felhajté@miatt lecsokkent testsulybdl és a fliggesztési testhelyzet miatténegsz
izomerkb & eredaindirekt nyljtbeda fesziltségi tehermentestlésértielallumbalis szeg-
mentumok kezdeti rugalmas deformaciéi a sul§fzelés tovabbi viszkdzus szakaszaban

a kulszasi folyamat soran mintegy megkétiek. A kezelés hatékonysaga napi gyakorisagu
tobbhetes kidra végére lesz optimalis. Klinikai kisérletekkel azt bizonyitottak, hogya sulyfird
jotékony hatasa harom honap elteltével is érzékelhet

Kulcsszavaksulyfurdkezelés; lumbalis szegmentum; végeselem-modell; numerikus szimu-
lacio; direkt és indirekt nydjtas
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Abstract
Weightbath hydrotraction treatment is one of the most important discoveries in the Hunga%an
rheumatology. Due to the treatment muscles relax, the spine stretches, the disc contracts, tﬂfe oF:
mitigates, operation may be avoided. The weightbath treatment has been applied in Hu@ary
successfully for more than a half century, however, it is unknown elsewhere because of t@ la
of experimental clinical and biomechanical analysis and prooPoigtegf Recently, Hungar- —
ian researchers have investigated the biomechanical and experimental analysis of its strefchii
and clinical evidences; in this paper the numerical simulation of the treatment is presente% 3D
Pnite element models of human lumbar functional spinal units were used for numerical anagsis
of weightbath hydrotraction therapy applied for treating degenerative diseases of the lumba
spine. Five grades of age-related degeneration were modeled by material properties. '%nsi
material parameters of discs were obtained by parametegatentbased on in vivo measured m
elongations of lumbar segments during the regular weightbath treatment. Compressive materia
constants were obtained from the literature. It has been proved numerically that young aduhs o
40-45 years have the most deformable and vulnerable discs, while the stability of seéfnen
increases with further aging. The reasons were found by analyzing the separated contr?_stin
effects of decreasing incompressibility and increasing hardening of nucleus, yielding non-mBnot
onous functions of stresses and deformations in terms of aging and degeneration. The weightba
treatment consists of indirect and direct traction phases. Discs show a bilinear material behaviot
with higher resistance in indirect and smaller in direct traction phase. Consequently, although
the direct traction load is only 6% of the indirect one, direct traction deformations are 20—-80% o
the indirect ones, depending on the grade of degeneration. Moreover, the ratio of direct stres
relaxation remains equally about 2—-8% only. Consequently, direct traction controlled by extra
lead weights Buences mostly the deformations being responsible for the nerve release; while the
stress relaxation ifirenced mainly by the indirect traction load coming from the removal of the
compressive body weight and muscle forces in the water. These initial elastic elongations of tt
lumbar spine are doubled during the further creep period of the treatment. The bptimal ef
ciency of the treatment develops by the end of a 2-3 weeks long cure of daily treatments. Tr
bendocial clinical impacts of WHT are still evident even 3 months later.

Keywordsweightbath hydrotraction treatment; lumbar segnimritis;element model; numer-
ical simulation; direct and indirect traction

1. Bevezetés a sulyfurdkezelés rendkivili jeledtgét,
ugyanis itt a langyos vizben kényelmesen
A sulyfirdda magyar reumatologia egyik ledilgga betegek izomzata teljesen elernyed,
nagyobb gyakorlati jeléaégétalaimanyk? semmiféle izom-6sszehizédas nem torténik.
A szaraznyUjtds mar nagyon régota ismerAabetegek flglpges testhelyzetben fliggnek
gyogyaszatban, azonban bebizonyitdtfak egy rugalmas nyaki galléron, vagy kétoldali
hogy ahelyett, hogy a kezelés alatt a porckonaljtamaszon, de a k&kombinacidja is
rong tehermentestilne a nyomas aldl, az izmelkdordulhat. Ek6zben 6lomsulyok figgnek a
ellendllasa miatt megnovekednek bennebategeken, vagy a bokaikra, vagy derékszijra
fesziiltségek. Ezek a rpggelések mutatjdk akasztva, kétoldalt. Mechanikai szamitasokkal
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igazoltuk, hogy a lumbalis szakasz leghat&-Modszerek
konyabb nyujtasat a nyaki felfiggesztés adja,
bokasulyokk&l 2.1. Terhek és megnylasok a sulyfiienh

A jelen tanulmanyban a sulyfikdzelés soran Biomechanikai elemzés szérimgaki felfiig-
lejatsz6d6 mechanikai folyamatok numerikugesztésnél harom teherhatas okoz megnyulast
szimulaciojanak legfontosabb eredményeitgerincoszlop mentén: (1)Jdekompresszios
ismertetjiik. A vizsgalat részledearnemzet- erda amely a vizben megsztestsily és az
kozi kutatds szamara a Kurutz és Orosvarglernyedt izomek 6sszegéball, (2) azaktiv
tanulmanyban szamoltunk be. nyljtéed amely a testsdly és a felhajoer
kildnbségének felel meg; (3) az alkalmazott
A numerikus szimulacioval azt kivantuk kiélomsulyokb&@zarmazé nyijtéér Az el
mutatni, hogy hogyan tehermentestilnek taher azndirekt nyGjtoéra masodik és har-
lumbalis szegmentumok a sulyféikkzdeti madik egyiitt direkt nyGjtoe2°
rugalmas fazisadban a karos kompressziés hatéa-
sok, a fesziltségek és 0sszenyomodasok Algdlen numerikus analizis soran az atlagos,
A szerzk ismerete szerint tiszta centriku§00 N teststlybdl indulunk ki. Ennek alapjan
hiizasra vonatkozd numerikus szegmentur40 N direkt és 50 N indirekt nyujtderet-
modellek nem léteznek a szakirodalombatiink bgyelemidet?.14
mivel a hdzas nem tipikus igénybevétele a ge-
rincnek. Huzas emlitésére csupan mint a#ivel senki nem ismeri a porckorong vagy
egyébbzioldgiai igénybevételek, aziel és a szegmentum intakt, tehermentes allapotat,
hatrahajlas, vagy az oldalra hajlas vizsgadbnialnunk kellett a megnyulasra vonatkozé
takor fellé@jarulékos hatasra keriilso6¥:2  viszonyitasi rendszert. A lumbalis szegmentum
nem fordul ef hogy a hlizast mint dominansés porckorong megnyllasat a kezelds el
igénybevételi format kezelnék. egyenesen allo testhelyzetben fennall6 dssze-
nyomott allapothoz viszonyitottuk, vagyis ezt
A jelen tanulmanyban a lumbdlis L3-S1 szaz allapotot tekintettiik zérus megnyulasu alla-
kaszra kidolgozott numerikus szegmentunpotnak.
modellt dominans huzasi igénybevételre dol-
goztuk ki, az L3-4, L4-5 és L5-S1 szegmentu-
mokon a sulyfiréden végzett in vivo nyulas-2.2 A szegmentum végeselemes modellje
méréseink alapjdhll amelyeket egy specialis,
az adott célra kifejlesztett viz alatti ultrahamz L3-S1 szegmentum 3D geometriai modell-
gos mérési modszer segitségével végeéztiikiét egy tipikus lumbalis szegmentum méretei
alapjan vettik féll. a &bra)A csigolyatestnél
A sulyfurdkezelés altaldban 20 percig tamnegkulonboztettik a corticalis és trabecularis
ezalatt egy tipikus viszkoelasztikus folyamatszt, és a nyulvanyokhoz tartozé elemeket.
jatszodik le a gerincben. A vizben td@iféh A csigolyafal vastagsaga 0,35 mm, a végle-
fliggesztés utan azonnal lejatszédik a pillanatezek vastagsaga 0,5 mm volt. A porckorong
nyi rugalmas szakasz, azutan indul a kiszasicleusat és annulusat kulén kezeltik, az
valtozatlan teher mellett. E helyt csak a kezeddsulus matrixat két @yée osztottuk, ame-
elsd rugalmas fazisaval foglalkozunk, a masgeket egymastdl és a nucleustol szalrétegek
dik, viszkoelasztikus kaszasi folyamat elewmélasztanak ¥t16 A szalak keresztmetszeti
zéséd késdb szamolunk be. teriilete 0,1 mérvolt. A kisizilletek iranya és
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Rugalmassagi .
9 9" Poisson-

A szegmentum

alkot%részei T&%u;]u s tényeza

Corticalis héj 12000 0,3

Szivacsos csont 150 0,3

Csigolyanyulvanyok 3500 0,3

Véglemezek 100 0,4

Annulusmatrix 4/0,4* 0,45

Annulusszalak 500/400/30Q** —
Figure 1The geometrical model and FE mesh of Ncleus 1/0.4* 0,499
FSU Ellls ahosszanti szalag 8* 0,35
Hatuls6 hosszanti szalag 10* 0,35

geometridja a szakirodalmi adatokat kdvette A tbbi szalag 5+ 0,35

Mind a hét lumbalis gerincszalagot beilleszteitizas, *kiilsdkszbensibelsaszalak, htizas
tik a modellbe. 1. tAblazaAz egészséges szegmentum
anyagallandéi

A végeselemes hal6zatot harom Iépésben alaki-

tottuk ki: (1) geometriai modell felvétele Praiés médszerdélhataroztuk meg. A nucleus

Engineer, (2) a végeselemes halézat felvétallagen szalait csak hizasra dolgozé lineari-

ANSYS Workbench, és (3) a szegmentum kian rugalmas anyaginak feltétel@2#e 721

l6nbozaalkotorészeinek integralasa a modeh- kollagéntartalom radidlis valtozasat kifelé

be ANSYS Classic programrgial b abra). novekvdmerevséggel szimulakek>16A ge-

Az annulusmatrixot, a nucleust és a szivacsiogszalagokat linearisan rugalmas, csak hu-

csontot, a nyuGlvanyokat és a kisiziiletekedsra dolgozo anyaggal modelléZigkZ?

tovabba bizonyos kapcsolatokat térfogatele-

mekbd, a csontos véglemezeket és a csigdiael a sulyfirdkezelés degeneralt szegmen-

corticalis részét, valamint a szalagokat héjelenokon térténikpgyelembe vettik az élet-

mekbd, végiil az annulus szalait rideleniekbkori degeneracio egyes stadiumait. Ot degene-

épitettik fel. racios fokozatot dolgoztunk (@. tablazat),
amelyben a nucleus folyadékéa#lapotanak
megsznését a Poisson-tényezokkenésével,

2.3 A szegmentum-modell anyagallanddi a nucleus fokozatos keményedését pedig a
rugalmassagi modulusa névekedésével mo-

A sulyfiirdkezelés kezdeti pillanatnyi fazisadelleztiR382 Az annulus és a véglemezek

ban a szegmentum minden alkotorésze rugkirosodasat is kovef#ik4 3536

masan viselkedik. A csontelemekre huzésra

és nyomdasra azonosan visedkemjalmas, Az egészséges és a degeneralt végeselemes mo-

izotrop anyagot feltételeztink a szakirodalodell validalasat hizasra és nyomasra egyarant

alapjan®16.18-2Y1  tablazat)A porckorong elvégeztilk. 2000 N centrikus nyoméas esetén

nucleusat és annulusanak matrixat linearisanporckorong szagittalis kdzépsikjaban kelet-

rugalmasnak feltételeztilk nyomasra, és kezafliggdeges nyomdfesziiltségek szamitas-

linearisan rugalmasnak hizasra. Nyomashbal kapott nagysagat és eloszlasat hasonlitot-

és dekompressziés nyujtashoz a szakirodalok 6ssze NachemsBnAdams és munkatar-

nyomasi adatokat hasznaltuk, de aktiv ny(jté&s#2:33 Dolan és AdarfisAdams és Dol&n

hoz a rugalmassagi modulust a nyulasméraai stress-pometridval nyert kisérleti ered-

adataink alapjan végzett paraméter-idkati ményeivel. Az eredmények megdggyezést
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1. fokozat 5. fokozat
Degeneracios egészséges 2. fokozat 3. fokozat 4. fokozat teljes deg.
fokozatok E E E E E
vmPa)y 9 |Pa) ¢ | mPa) 9 | mPa) @ | P @
Nyomas
nucleus 1 0.499 3 0.45 9 0.4 27 0({35 81 0.3
annulusmatrix 4 0.45 4.5 0.4b 5 0.45 5.5 0.45 6 0.45
Szivacsos csont 150 0.3 125 0.3 100 0.3 75 0.3 50 0.3
véglemezek 100 0.4 80 0.4 60 0{4 40 D.4 20 0.4
Huzas
nucleus 0.4 0.499 1.0 0.45 1.6 04 2.2 D.35 2.8 0.3
annulusmatrix 0.4 0.45 1.0 0.45 1.6 0}45 2.2 0.45 2.8 0.45

2. tdblazaA degeneralt szegmentum anyagallandoi

mutattak. H(zas esetén az L3-S1 lumbaks a direkt nydjtode kilon-kilon és egyuttes
szakaszhoz tartoz6 szegmentumra 1000 N hatasara. 2. b dbraa posterolateralis annu-
direkt és 50 N direkt nyujtdieel szamitott lus szalaiban keletkdanaximalis hlzéex
megnyulasi eredményeinket hasonlitottudsokkenését abrazoltuk a kezelésfatisa-
0ssze Kurut? és munkatarsdia salyfirdd  ban a degeneréacié fliggvényében, ugyancsak
ben in vivo mért kisérleti eredményeivel. Neralkllonitve az indirekt és direkt nydjtohatést.
csak a megnyulasi értékek, hanem azok éketmegnyulasok két komponensét szemigyre
kori megoszlasat mutatd fuggvények is nagyve lathatd, hogy az egészséges porckorong-
hasonl6sagot mutattak. Ennek alapjan a fenil (1. fokozat) a direkt nytlasok az indirekt
tablazatok szerint felvett anyagallandok elfoytlasoknak mintegy a 46%-at teszik ki, a ko-
gadhat6 alapot képeztek a sulydimdchani- zepesen degeneralt porckorongnal (3. fokozat)
kai jelenségeinek numerikus szimulaciojahaa.26%-at, mig a degeneracié utolsé fazisaban

(5. fokozat) a 83%-at. A szataél e harom

degeneracios fazisban a direkt hatasra keletke-
3. Eredmények z &k az indirekt nyujtoeb dkeletkeZAszaledk

37, 21 és 17%-at teszik ki.
A 2. a abraa porckorong megnyulasat, azaz a
kezelés dti 6sszenyomodasanak csokkenég€8. abram porckorong kihasasodasanak csok-
latjuk a degeneracié fuggvényében az indirédenését latjuk, azaz az efilsatulso és ol-

A porckorong megrydlasa a sdlyfurdd-kezelés A posterolateralis annulus szalerdk csdkkenése a
kezdeten a degeneracio fuggvenyehen sUlyfurdd kezdetén a degeneracis figgvényében
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a) b)

2. &braa) A porckorong megnyulasagaz annulus szalaiban Ewizéerdcsokkenése
a sulyfurdkezelés kezdetén az életkori degeneracio fliggvényében
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A porckorong eldlsd kontrakcioja a sikflrdd kezdetén a A porckorong hatulso kontrakeidja a sibfirdd kezdeten a
degeneracoo flggveryében degeneracod fuggvényehen
-1.0 -1.0

0,89

r 08
o el 73 \ 056
057 0F o~ b
06 g -0,
g “\ 048 b \‘-DM
: 053~ ;

0,39 ' -~ 034

o I~_:‘_‘_‘_‘_ . ‘\._._‘_

-04 =

kontrakeia [mm]
kontrakeia [mm]

4. MAGYAR BIOMECHANIKAI KONFERENCIA — A-0009

044 04D T e 030 027 027 039 ] - — 028
0a loas ™ — <= === a2 1oe. - -029 “0—24
BTN g 05073 ‘ - -0,08 I o
T ome . Joos ‘L-Dm ,gg4l T J@.@-?q_-g‘_ﬂ‘}J;
b R Tt i 00
o0
i 2 3 4 5 ! 2 A 4 g
az életkan degeneracio fokozatai az életkori degeneracio fokozatai
‘—O— indirekt mylitas - -0 - direktmyljtas —e—teles nylitas ‘ |—o— indirekt myljtas - -or - direkt npljtas —e—telies myltas |
a) b)
A porckaorang oldalsd kontrakeigja a sulfirdd kezdetén a
degeneracosd fuggvenyehen
10
_ 08
E
o 06
[} -047 g
F o=l Lo
g Mom === 025 o4
© TE,aa e e
01T 0,30 0,27
oo -0,08
ér Sy 0,07 '-lr’ _____ l'D 04 )
0o
1 2 3 4 g
az életkori degeneracid fokozatai
‘ﬁ =indirekt nyiftas = O =direkt nyljtds =——re=—=teljes mtas ‘

<)

3. AbraA porckorong) eliilsd b) hatulsé és)oldalso kontrakcidjanak novekedése,
vagyis kihasasodasanak csokkenése a skbyfiétds kezdetén az életkori degeneracié fiiggvényében

dalsé kontrakcid névekedését a sulgére- szintes nyomofesziltségek kezelés hatasara
Iés kezdeti pillanataiban, az indirekt és a dirddekovetkea csokkenését. aés4. b abran
nyljtéerdhatdsara a degeneracio fuggvényibrazoltuk, a degeneracio figgvényéberm A
ben. A porckorong megnyulasahoz hasonloas,at. d dbrakamgyanezt lathatjuk a nucleus
amelyet az 6sszenyomoédas csotkkenéseke@lén, az annulussal hataros szakaszokon.
depnidltunk, a kontrakciot is a kezelédtiel Lathatd, hogy a fesziltségek esetén a direkt
egyenesen allg testhelyzetben fennalld kihasgidjtas hatasa csekélyebb, mint a deforma-
sodas csokkenéseként értelmeztiik. Azaelidknal: a fligdeges és vizszintes fesziltségek
direkt kontrakci@3. a abrapz egészségescsokkenése a direkt nyljtas hatasara egészsé-
kozepesen és suUlyosan degeneralt esetipes) kdzepesen és sulyosan degenerdlt esetben
(1., 3. és 5. fokozat) az indirekt kontrakcié 3Q,, 3. és 5. fokozat) egyarant csupan mintegy
18 és 17%-at teszi ki, ugyanez a hatuls6 ka8, 4-5 és 2—3%-at teszi ki az indirekt nyu;j-
rakcid (3. b abragsetén 37, 21 és 17%, migsbdl keletkezett fesziltségcsdkkenésnek.
oldalso kontrakcion€d. ¢ abradl, 14 és 15%.

Az5. abra kilsdannulusban felléafliggde-
A 4. abraa porckorong nucleusaban lezajlges nyomofesziltségek cstkkenését mutatja a
fesziltségi tehermentesiilés eseteit mutagalyfird&kezelés kezdetén a degeneracio flgg-
A nucleus kozepén felléfiiggdeges és viz- vényében. Itt a direkt nyujtas hatasara lééejov
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Fogodleges ryomafesziltségi tehemmente siiés a
nucleus kizepén a subfordd kezdetén a degeneracia
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4. dbraNyomofesziiltségek csokkenése a porckorong nucleusaban aedlyiésckezdetén
a degeneracio fliggvényében
a)fuggdeges és) vizszintes nyomofesziltségek a porckorong koeHigadeges
ésd) vizszintes nyomofesziiltségek a nucleus szélén, az annulus hataran

Fugodleges nyomafe szlltségi tehermentesilés a kulsd
annulushan a sdlyfurdd kezdetén a degeneracia
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5. AbraFliggdeges nyomofesziltségek csokken

a porckorong kiiBannulusaban

a sulyfurdkezelés kezdetén a degeneracio

fuggvényében

e

feszlltégcsokkenés ugyancsak csupan 6, 6
és 9%-a az indirekt nyujtasboél keledkez
egészséges, kdzepesen és sulyosan degeneralt
esetben.

4. Megbeszélés

A sllyfurdkezelés eBsorban a kilonféle
porckorong-bantalomban szen&edetegek
_szamara javas¥lt Hatasara a kompresszios
t&her miatt 0sszenyomaodott porckorongokban
j6tékony tehermentesilési folyamat jatszédik
le, a szegmentum@lexibilitdsa megha faj-
dalom csokken, megsik. A napi mintegy

20 perces kezelést két-négy héten at ismételve,
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a kedveaklinikai hatdsok még harom hénapnnak ellenére, hogy a direkt nyujfiesak
mulva is mepgyelhetk, amint azt Olah és mintegy 6%-a az indirekt nyljtdeek, a porc-
munkatarsdp klinikai kisérleteikkel kimutat- korong megnyulasaban a direkt nydjtas hatas
tak. 20-80%-a az indirekt nyudjtasénak. Kulono-
sen érvényes ezddembereknél, a degene-
A porckorong degeneracios valtozasaaakrécios folyamat végén, ahol ez a direkt/indirekt =
megnyilvanulasa a folyadékszerselkedés arany a legmagasabb. A porckorong kontrakcié-
megsznése az egyidészilardulassal. Ennek jaban a direkt hatas 15-35%-az indirektnek.
modellezése a nucleus Poisson-t&@rezk Ugyanakkor a fesziiltségeknél a direkt nyujto-
csokkentésével és a rugalmassagi modulus@rdkd szarmazo fesziltségcsokkenés mind-
egyideg novelésével tortéhtl a porcko- 6ssze 2—-8%-a volt az indirekt nyufdar
rong egyéb tulajdonsagainak a véltoztatasaeletkeznek. Eppen ez, a direkt nyujtder
egytg242 nek, az alkalmazott extra 6lomsulyoknak a
jelent& nyujtéhatasa adja a sulyflerelés
A sulyfurdkezelés eBs rugalmas szakasza-nagy jelen&égét. Amint a fenti eredmények-
ban a terhelés és az ennek kovetkeztébenlfdikideril, a sulyfirkezelés soran az extra =
lépadeforméaciok és fesziiltségek indirekt g6lyok alkalmazasanak nagy fontossaga van,Y
direkt fazisra bonthatok. Centrikus huzasikilondsen ids embereknél, ahol a direkt nyuj-
ugyanis a porckorong nucleusa és annulus@eraek dominans hatasa van. Ez egyben 6va-
nak matrixa bilinearisan rugalmas anyagunéssagra kell, hogy intse a kezelési ervost
tekinthetd az indirekt nyuijtasi fazisban naaz alkalmazandé silyok nagysaganak mér-
gyobb, a direkt fazisban kisebb ellenallassedelésénél.
Acaraglou és munkatafSaivalamint Ebara
és munkatars®i szerint a huzasi tulajdon- Az extra sulyok hatasanak fontossaga vezette
sagok a porckorongon belil a hely figgvényéoll Karolyt a jelenleg hasznaltaknal nagyobb
Valoban, centrikus nyomasnal az egészség@gok alkalmazasahoz, anélkiil, hogy ezek
porckorongban hidrosztatikus nyomas urdtomolyabb sértléssel jartak volna. Valoban,
kodik, amely &b tamaszt ad az annuluseldordulhat, hogy a sulyfudkkzelésnél a
lamellainak bellld, és a csaknem vizszintespegszokott 2-szer 2-3 kg-os sUlyoknal na-
abroncsszeen elhelyezkeélszalakban le¥ gyobb sulyt kell alkalmazni a kivant nyuijto-
hazéerk pedig kivild Hasonld ellenhatast hatas eléréséhez. VE&gin vivo kisérleteivel
gyakorol az annulus a nucleusra. Centrikigazolta, hogy extra suly nélkiil csupan a test
hiizasnal azonban ennek ellentéte torténilelhajtoerejé szamitott direkt nyujtdéne-
A szalak huzoéereje csokken, ugyanakkorgativ is lehet, ha a beteg fajsulya kisebb, mint
szalak iranya egyre meredekebbé3¥adik a vizé. Ekkor a beteget a viz a felszinre dobja,
egyidegeg a nucleusban lecsdkken a hidrés a kezelés extra sulyok nélkil nem is hajthato
sztatikus nyomas, és mintegy szivassa valdgre. Ez dordulhat, ha a beteg kovér, vagy
kovetkezésképpen, a dekompresszié végeatgiz olyan gydgyviz, amelynek magas az as-
vel, az aktiv nyujtasi szakaszban indokoltvanyianyag-tartalma.
kisebb ellenalldsgyelembevétele.

KONFERENCIA — A-0009

MAGYAR BIOMECHANIKA

A lumbalis gerinc centrikus nyujtasara vonatko-
Az extra sulyokkal végzett direkt ny(jtéd elszdan sem kisérleti, sem numerikus eredmények
sorban a deformaciokért, tehat az ideggyokism taldlhatok a nemzetkdzi szakirodalom-
felszabaditasaért, mig az indirekt nydjtasban. Kurutz és munkatarsai voltak azels
fesziltségek tehermentddintasaért fel&. akik a porckorong centrikus hlzasabdl kelet-
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kezdmegnyulasokat in vivo megméfteké  kenyebb. Bend®rszerint a hazai gyogyfir-
és numerikusan szimulalt4kA kisérleti és d &ben és reumatoldgiai osztalyokon a porc-
numerikus eredményeiket 6sszehasonlitva miegrong-bantalmakkal kezelt betegek zéme a
nyugtato egyezést talakalk gyengén degene-40-55 év kozottiek kozil keriil ki. Ennek okét
ralt porckorong a sulyfiden 0,1-0,15 mm kizarélag numerikus szimulaciéval tudtuk ki-
direkt, 0,4-0,45 mm indirekt és mintegyutatni: az 6éregedés kezdetén a nucleusban
0,6 mm teljes azonnali rugalmas megnyuldsegszn dhidrosztatikus nyomasnak, ks
szenvedett, mikézben 0,1-0,3 mm direkt, 0®&-Aucleus keményedésének van dominans ha-
0,7 mm indirekt és mintegy 0,7—1,0 mm teljgsa* A direkt és indirekt trakciés fazisban az
hatulsé kontrakcidja keletkezett. A sllyosamnulusmatrix eltéen viselkedik: joval me-
degeneralt porckorong mintegy 0,05 mm devebb az indirekt, és hajlékonyabb a direkt
rekt, 0,06 mm indirekt és 0,11 mm teljes mdgzisban, ezért jéval nagyobb deformaciok
nyulast, tovabba 0,05 mm direkt, 0,25 mkeletkeznek az alkalmazott extra sulyoknal.
indirekt és 0,3 mm teljes hatuls6 kontrakciBz a tény a kezébrvost a sllyok alkalma-
mutatott a kezdeti, rugalmas szakaszban. zasakor megfontoladrgyelmezteti. A suly-

furd kezelés indirekt fazisdban keletkezik a
Osszefoglalva: elvégeztiik a sUhdi@zelés fesziltségrelaxacio, azaz a feszilltségi teher-
kezdeti rugalmas szakaszaban a szegmentmentesilés, mig a direkt fazisdban keletkezik
gyégyitéhatasu nyuldsanak és tehermentesii-alakvaltozasi tehermentestlés, a porcko-
Iésének numerikus szimulaciéjat. Megallapieng kontrakcioja, az ideggyokok felszabadu-
tottuk, hogy a porckorong alakvaltozas-képdédsa a kornyezeti kdros deformaciok aldl. Olah
sége az Oregedéssel és a degeneracidval ésdRunkatarsibebizonyitottak, hogy a suly-
ken, azonbarpratal felndt korban, 40-45 év fiird &ezelés eéhyos klinikai hatdsa még ha-
koéril a legmozgékonyabb, egyben a legsériidn hdnap maltan is kimutathat6.
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Absztrakt

A lumbalis gerinc degeneracidja nemcsak az éleéikbatidasaval Iéphet fel, hanem hirtelen
mechanikai hatasokra is, példaul tulterhelésre vagy rossz mozdulatra is bekdvetkezhet. 3D vég
elemes szimulaci6 segitségével vizsgéljuk a centrikusan nyomott lumbdalisgerinc-szegmentur
tllterhelésta szarmazo, hirtelen bekovetkergeneracios folyamatait. Mivel hirtelen degen-
eracio barmely életkorban bekdvetkezgtlembe kell venni a gerinc aktudlis életkori degen-
eracios allapotat is. Az életkori degeneraciohoz hasonléan a hirtelen degeneraciot is a szegme
tum anyagallanddival modelleztiik. Figyelembe vettik a hirtelen leédiikkesztatikus

nyomast a nucleusban, az annulus felrepedését, szalszakadasat, a véglemez és a szivacsos csi
csont kdrosodasat. Megkulonboztettidta, életkorilag gyengén karosodott szegmentumok, és
Az életkori degeneracidval ellentétben, ahol a porckorong merevsége 5-6-szorogaed is megn
a degeneracios folyamat végére, a hirtelen karosodasnal a merevség 60—80%-kal csokken,
a szegmentum instabilitasahoz vezet, kiloremah korban, életkorilag gyengén karosodott
szegmentumnal, mivel ott a hirtelen merevségcsokkenés a legalacsongabbszifita-

labb korban a hirtelen degeneracié mintegy 2100 N/mm életkori merevs&gbs8a80-kal,

mintegy 400-500 N/mm szintre csokken; mdggid korban mintegy 3600 N/mm életkori
merevsédgh 60—-65%-kal, mintegy 1300 N/mm merevségi szintre csokken. Kovetkezésképpen, a:
életkori karosodashoz hasonléan a hirtelen karosdet#taisendt korosztalyt sujtja leginkabb.

Az életkori karosodassal ellentétben, ahol a porckorong alakvaltozasi képessége, 6sszenyomaod
kihasasodasa a degeneracios folyamat végére mintegy 30—85%-kal cstkken, a hirtelen karoso
nal ez szigmkansan megamintegy 2-3-szorosara, amely a szegmentum instabilitdisahoz és f4j-
dalomhoz vezet, ugyancsak leginkztal felrdt korban.

Kulcsszavakemberi lumbdlis mozgas-szegmentum; hirtelen degeneracié; porckorong; véges-
elem-modell; numerikus szimulacio; nyomasi merevség

Abstract

Lumbar degeneration can be caused by aging and by other environmental effects like sudde
mechanical overload. 3Dite element simulation of accidental degeneration processes of lum-
bar functional spinal units is presented for axial compression overload. Since sudden accident
degeneration can happen at any state of long-term age-related degeneration, consequently, it w
modeled by considering the actual grade of aging degeneration of segments. Accidental dege
eration was modeled by the material properties of components of segments and by overloadir
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Systematic analysis of the effect of several components of accidental degeneration was @ve:
gated: the sudden los®oid like characteristics of nucleus; the buckling, téaverdsreak of L
annulus; endplate damage or cancellous bone collapse. In contrast to the age-related de&na
tion where the stiffness of discs increased by 500-600% during the aging process, in ac@jen
degeneration processes the stiffness of discs decreased by 60-80%, leading to segmental @sta
and injury. Accidental degeneration may be more dangerous in young age since in this case tt
sudden stiffness loss starts at a smaller stiffness level, namely, lightly degenerated young di
have the smallest stiffness reported by many studies. Accidental degeneration in young ag%n tl
study started equally at 2100 N/mm stiffness that suddenly decreased by 75-80% to 400-500
mm; while in old age it started at about 3600 N/mm and decreased by 60—-65% to 1300 m
These effects explain that low back pain problems insult so frequently the young adults%l’he
most important factor both in age-related and accidental change of disc stiffness is the stiffne:
change of nucleus. In contrast to the age-related degeneration where the disc deformabiligl an
bulging decrease during aging by 30-85%, in accidental degeneration processes they ihtres
signbcantly by 200-300% that may lead to segmental instability and injury again. %
Keywordshuman lumbar functional spinal unit; sudden accidental degeneration; intervertebral
disc;pnite element model; numerical simulation; compressive stiffness

1. Bevezetés A porckorong a szegmentum legkritikusabb
alkotérésze, amelynek barmilyen karosodasa
A gerincdegeneracion annak felépitésében, spgent&en befolyasolhatja a szegmentum teher-
kezetében és &bdésében bedlld karos elvabirasat és stabilitésdtz dregedéssel jaro karo-
tozasokat értjuk, A degeneracioé altalanos fogadas a porckorong nucleusaban jelentkezik
lom, a gerinc degeneracioi két alapost- el&zor, amely fokozatosan elveszti folyadék-
talyba sorolhatok: (1) a hosszuéddgtkorral szerétulajdonsagait, és egyidey keménye-
jaro degeneraciék, (2) a kiil&hatasra kiala- dik, merevsége noveké?ifk Ekdzben a porc-
kulo révidebb idejun.kdrnyezeti degeneracickorongban egyéb karosodasi formak is meg-
llyen kornyezeti hatasok é@srban a mecha- jelenhetnek, példaul annulusfelhasadas, a bels
nikai hatasok, a kilonféle terhekzmldgiai, annulus kihajlasa, a véglemez-karosodas, vagy
a sportolasi vagy munkavégzési terhek, vaggsontritkulasos csigolydk megropp&hasa
éppen a balesalleredatraumatikus terhek. Az utobbi idk kutatdsai, valamint a porc-
Tovéabbi koérnyezeti degeneraciot okozhatkarong-bantalommal orvoshoz forduld bete-
fagyas, égés, vegyi vagy sugarkarosodageitieletkori statisztikai kimutattak, hogg-a
A mechanikai eredétiegeneréaciok a kdrnye-al, kevéssé degeneralt szegmentumokat fenye-
zeti degeneracio kilon osztalyat képezik, ezpkti inkabb a stabilitdsvesztés, mig&@pdds
a rovid idhalatt, rendszerint varatlanul felfép soran a stabilitas egyre inkabb biztdsitdtt
mechanikai tllterhelédbad6doé dnhirtelen Ennek okait numerikus szimulaciéval kimu-
degeneracidlyen lehet példaul az elesés, vaggttuk a tanulmany edsészébeh a jelen cik-
éppen egy rossz mozdhld&bben a tanul- kben a hirtelen degenerécios folyamatok nu-
manyban csak a hirtelen mechanikai karosodgerikus elemzésének eredmérdyszamo-
sokkal foglakozunk; az életkori karosodastumk be.
tanulmany elérészében elemezZiik
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Az utébbi idben szdmos tanulmany foglalko2.2. A lumbalis szegmentum hirtelen
geselemes modellezésével, de ezek nem foglal-
koznak a hirtelen degeneracio kérdésével. kat- életkori degeneracié modellezése soran a
ridis és munkatardéilla folyadékbdl szilard nucleus 6sszenyomhatatlansaganak réegsz
anyagga valas halmazallapotat vizsgaltak. Tolését a Poisson-ténypeztkkenésével, a nuc-
berf-12poro elasztikus végeselem-modellt alkdgus fokozatos keményedését pedig a rugal-
maztak, mas8k-3-1&6bb degeneracios fokozamassagi modulusa noévekedésével modellez-
tot dépnialtak a porckorong anyagallandéinakik33:34 Ot degeneracids fokozatot allitottunk
és geometridjanak valtoztatasaval. E tanulnfél-az egészségast teliesen degeneralt alla-
nyok legtdbbje leszdgezi, hogy az instabilifgatig. A modellben a szivacsos csont és a vég-
leginkabb a gyengén degenéxttilabb szeg- lemezek korral jaré gyengliléséiggelembe
mentumokat veszélyezteti. vettik. Az életkori degeneracios fokozatok
modelljét a vonatkozd anyagéllanddkkal a
A jelen tanulmany célja a kiloniddetkori  tanulmany elrészébehismertettik.
degeneracids allapotban fefléiptelen komp-
resszios tulterhelédlszarmaz6 degeneraciosy hirtelen degeneracional azt feltételeztiik,
folyamatok numerikus kovetése, a vonatquégy a nucleus mintegy kipukkad, és hirtelen
kovetkeztetések levonasa. elveszti a folyadéksZeviselkedését, vagyis
0sszenyomhatatlansagat anélkul, hogy az
anyaganak a szilardsdga megvaltozna. Ezt a
jelenséget a nucleus Poisson-téggmeak hir-
A hirtelen karosodas szimulaciojanal az eifglen csokkenésével modelleztik keményedes

kori degeneracios vizsgalathoz kidolgozottgé‘,&éggl' A jerl](?nslegeli,a szt(ajg,merllgur,n(r)]t glkqto
metriai és halézati modellt alkalmaZIukto | szerv hirtelen karosodasa kiserheti, mint

A hirtelen karosodast az anyagi tulajdonség&%- anr}ulus felrepedesg, klh_ajlasa, a vegle_rpez
nal vettiikogyelembe. rgpedese, a’ CS|go!yak szivacsos csontjanak
0sszeroppanasa. Mindez azonban a szegmen-
tum hirtelen karosodaskori aktualis életkori
2.1. A lumbalis szegmentum végeselemes degeneraciojanak az allapotatdl is flgg.
modellje

2. Mbédszerek

Az életkori degeneraciés modellhez kapcso-
A 3D geometriai modellt egy tipikus lumbali®dva 6t hirtelen degeneracios fazist allitottunk
szegmentum méretei alapjan vettik fel. A végied; az egészségdst teljesen degeneralt alla-
elemes halézatot Pro/Engineer, ANSYS Worketig. A modellezéshez az életkori degeneréacio
bench és ANSYS Classic programok segitdgésgalatahoz hasznalt adatokat felhasZnalva
gével vettik fel. A csontok rugalmas anyagy futtatasi tabldzatot készitettiink. Ennek
allandéinak felvételénél a szakirodalomsoraiban a nucleus keményedéséhez tartozd
tamaszkodturik-23 a nucleus collagen szalaiéletkori degeneréacios adatok vannak a nucleus
nak anyagallandéindl is az irodalmi adatokealott Poisson tényge mellett. A tablazat osz-
tamaszkodtun-20.24-30gkarcsak a szalagoKopaiban a Poisson ténygesokkenésével jel-
esetébéfi3132 A geometriai és a végeselertemzett hirtelen degeneréacio adatai foglalnak
modell kialakitasa szempontjait a vonatkoh@lyet, adott nucleus rugalmassagi modulus
anyagallandokkal a tanulmanyéetsszébeh mellett. Ugyanakkor a tablazéitfojaban az
ismertettik. Oregedési degeneracio modelljének a tanul-
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many elsirészébehismertetett adatai szere+ziologiai nyomoet egyrészt a feest sulya
pelnek. Mivel a hirtelen degeneracié barmelytestsuly mintegy 6092-8§ masrészt a gerin-

életkorban és életkori degeneraciés stadiurat egyensulyban tart6 izodealkotjak.
ban bekovetkezhet, a tablazat segitségével a

kilonféle életkorban bekovet&ehirtelen

degeneracids esetek modellekhet

2.3. A lumbalis szegmentum végeselemes
modelljének validalasa

A jelen tanulmanyban a hirtelen degeneracio

alabbi eseteit vizsgaltuk: Ehtal felrdt kor-
ban belé annulus kihajlassal,

Az egészséges és a degeneralt végeselemes
tovabba (2jlell validalasat hizésra és nyomasra egyaran
annulus karosodéassal és szélszakadassal, eblagezti® Nyomas esetén a porckorong
mint (3) idd&ebb korban véglemez- és szivazagittalis kozépsikjaban keletféggdeges

z
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csoscsont-karosodassal. Ezekhez az esetekfiemofesziltségek szamitasbdl kapott nagy-x
sagat és eloszlasat hasonlitottuk 6ssze Nach>

tartoz6 anyagallandokatlazablazanutatja.

emsoR® Adams és munkatafsaiDolan és

g

A hirtelen degeneracié numerikus szimulaciddams$® Adams és Dol&Pstress-prlomet-

jat abzioldgiai nyomoteher hirtelen megkett rias vizsgalattal kapott kisérleti eredményeivel. <
z @ésére, vagyis 2000 N nyomoteherre végez-eredmények meg@iegyezést mutattak.
tik3”. Itt bgyelembe vettiik, hogy a lumbalisltizas esetén a szamitott lumbalis megnyla-

Hirtelen degeneracios fokozatbk 1 | 2 | 3 | 4 | 5
Fiatalon, beldannulus kihajlassal
nucleus 3/0.499 3/0.45 3/0.4 3/0.3% 3/0.3
belsdannulus 4/0.45 3/0.45 2/0.45 1/0.4% 0.5/0}45
kilsdannulus 4.5/0.45 4.5/0.45 4.5/0.45 4.5/0{45 4.5/0.45
annulusszalak 500/400/300  500/400{/300  500/4Q00/300  500/400/300  500/400/300
véglemez 80/0.4 80/0.4 80/0.4 80/0.4 80/0.4
szivacsos csont 125/0.3 125/0{3 125/0.3 125/0.3 125/0.3
Fiatalon, annulushasadassal és szalszakadassal
nucleus 3/0.499 3/0.45 3/0.4 3/0.35 3/0.3
belsdannulus 4/0.45 3.5/0.45 3/0.45 2.5/0.45 2/0.45
kuls&annulus 4/0.45 3.5/0.45 3/0.45 2.5/0.45 2/0.45
annulusszalak 500/400/300  375/300/225  250/2Q00/150  125/100/75 5/4/3
véglemez 80/0.4 80/0.4 80/0.4 80/0.4 80/0.4
szivacsos csont 125/0.3 125/0{3 125/0.3 125/0.3 125/0.3
Id &ebb korban, véglemez- és szivacsoscsont-karosodassal
nucleus 9/0.499 9/0.45 9/0.4 9/0.35 9/0.3
belsdannulus 4/0.45 4/0.45 4/0.45 4/0.4% 4/0.45
kulsdannulus 4/0.45 4/0.45 4/0.45 4/0.4% 4/0.45
annulusszalak 500/400/300  500/400{300  500/4Q0/300  500/400/300  500/400/300
véglemez 60/0.4 45/0.4 30/0.4 15/0.4 1/0/4
szivacsos csont 100/0.3 75/0.3 50/0}3 25/0.3 5/0.3

1. tablazah hirtelen degeneracio modellezése
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sokat hasonlitottuk 6ssze Kuftitss munka- Az 1. f Abranutatja a porckorong dsszekev
tarsat? in vivo mért kisérleti eredményeivehek fiiggleges nyomomerevség-csokkenését a
Az eredmények alapjan a modell alkalmasniiktelen degeneracids folyamat soran. A nuc-
latszott az Gregedési és hirtelen degeneratdsban hirtelen megérahidrosztatikus nyo-
folyamatok numerikus szimulaciéjahoz. masnak koszonhén az annulus bed$éama-

sza megsat, igy a beBannulus lamellak
kihajlottak befelé. Kovetkezésképpen, a nuc-
leus és a bedannulus radikalisan elvesztette
Az 1. 4braa Patalon bekévetkéza bels fliggdeges nyomomerevségét 91%, illetve 88%-
annulus kihajlasaval jaré hirtelen degenerachd, €s vele egyiitt a teherbiré-képességet, ezért

folyamat(1. tablazathumerikus szimulacio- @ terhelés a kidgnnulusra teiott at, ame-
jénak eredményeit fog'alja 0ssze. |ynek a mereVSége csak kiSSé csokkent (21%)

A teljes porckorong merevségcsokkenése a hir-
Az 1. a dbraa fuggdeges nyomofesziiltségekelen degeneraciés folyamat soran 79% volt.
megoszlasat latjuk a porckorong szagittélidthatdé, hogy a degeneraciés folyamat els
kozépsikjaban az 6t degeneracios fazisra voftatisaiban a bedsannulus, mig utolsé fazi-
kozéan. Lathatd, hogy a filgges nyomd- saiban a kulsannulus a &tehervisedelem.
fesziiltségek a nucleusban és aaetailus-
ban mintegy a harmadéara csokkentek, ugyan?2. abra batalon, az annulus karosodaséaval
akkor a kulgannulusban mintegy a kétszereés szalszakadassal jaré hirtelen degeneracios
sére novekedtek a hirtelen lejatszédo folyarfadyamat(l. tablazathumerikus szimulacié-
végéig. AZ. b abra porckorong radikalis janak eredményeit foglalja 6ssze.
6sszenyomodasat mutatja: kézépen 287%, elol
222%, hatul 191% volt az 6sszenyomodas né@ve: a abraaz 6t degeneracios fazisra vonat-
kedése a hirtelen degeneracios folyamat sokézdan a fligdeges nyomdfesziltségek meg-
Az 1. c &bra porckorong dsszefisen kelet- oszlasat latjuk a porckorong szagittalis kozép-
kezé&legnagyobb nyomdfesziiltségek atlagarsikjaban. Lathato, hogy a fidgges nyomafe-
a valtozasat mutatja a degeneracioés folyasmiltségek a nucleusban és abatsulusban
soran. A nucleusban a cstkkenés azonnal lejintegy a negyedére csokkentek, ugyanakkor
szbdottahidrosztatikus nyomas mégssgtvel a kiilsd annulusban a karosodas miatt alig
(67%); a beBannulusban a csokkenés egyenévekedtek. &. b abraa porckorong szig-
letes (70%) volt. A ki#dannulusban jelerd, nibkans 6sszenyomddasat mutatja: amelynek
138%-o0s volt a novekedés. Hasonl6 tendentiaekedése kdzépen 257%, eldl 230%, hatul
volt megpgyelhefiaz atlagos nyomofesziilt-165% volt a hirtelen degenerécids folyamat
ségekben is: 66% csokkenés a nucleusbaso&m. A2. ¢ dbra porckorong Gsszefiben
61% a beBannulusban, mig 150% novekedéeletkeZnyomofesziltségek atlagos cslcsér-
a kiulsdannulusbar(1. d &bra)Az annulus tékeinek a valtozasat mutatja a degeneréciés
szalaiban keletkémaximalis h(izoek, ame- folyamat soran. A nucleusban ismét hirtelen és
lyek a hatulsé-oldalsé szakaszon keletkeztekd csokkenés tortént, 0sszességében 69%-
1.38 N értékd 2.28 N értékre novekedtekban, a beldannulusban csupan 26% volt a
(66%) a degeneracios folyamat soran. Ezeslziiltségcsokkenés, mig a &asulusban
Osszhangban a porckorong kihasasodasaaazalszakadas miatt nem volt jeenbveke-
novekedése a hatulsdé szakaszon nem-modés, csupan 7%. Hasonlé tendencia volt meg-
ton nat (33%), az eluf¥s oldals6 szakaszorbgyelhefiaz atlagos nyomofesziiltségekben is:
monoton novekedett (104% és 112%). erd, 67% csokkenés a nucleusban és gyenge,
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Fogablegs feszitsegek a szagitalis kizepskban hirtelen
degeneraciokor fiatalon a belsd annulus kihajlasakor
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1. dbraHirtelen degeneracié numerikus szimulaciggtalon, beldannulus kihajlassal.
Valtozasok a hirtelen degeneracié soran
a) a figgdeges nyomofeszilltségekben a porckorong szagittalis kozépsykjqtuokorong kbzEgs
eliilsédés hatulso 6sszenyomodasat)amorckorong dsszefibden keletkeaatlagos fligdeges
csucsfesziltségekbaya porckorong osszefiben keletkeaatlagos fugdeges feszultségekben,
e)a porckorong héatulso, eléés oldalsé kihasasodaséaf)aporckorong dsszefimak atlagos
fliggdeges nyomomerevségében
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Figgdleges feszultsegek a szagittalis kdzepsikban hirtelen A porckorong dsszeryomodasa hirtelen degeneracio soran
degeneracional fiatalon, annulus karosodassal es fiatalon, annulus karosodassal es szalszakadassal
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2. dbraHirtelen degeneracio numerikus szimulaBsilon, annuluskarosodassal és szalszakadassal.
Valtozasok a hirtelen degeneracié soran
a) a fliggdeges nyomdfesziiltségekben a porckorong szagittalis kozépsigdumokorong kozégs
eliilsdés hatulso 6sszenyomodasat)amorckorong dsszefiben keletkeaatlagos fligdeges
csucsfesziltségekbayr porckorong osszefiben keletkeaatlagos fligdeges feszultségekben,
e)a porckorong héatulso, eléés oldalsé kihasasodasaf)aporckorong dsszefimak atlagos
fllggdeges nyomomerevségében
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csupan 3% a beélannulusban, mig a novekeporckorong benyomddott a ma&sebb, ezért
dés a kiléd annulusban annak gyenglléstgyabb véglemezbe és trabekularis csontallotd
miatt csupan 16% volRad abrazerint. Az manyba, ezért kozépen lényegében nem isyj
annulus szélaiban bekdvetkezett szakaddmomaodott 6ssze, a szélein pediganagyszilérd%
miatt benniik a maximalis hliizdegyakorla- sagu kortikalis csigolyahéj gyakorolt ra nagyO
tilag elténtek, 1,38 N-r6l 0,06 N-ra csokkentekyomast, &eg a hirtelen degeneraciés folya- z
(98%) a hirtelen degeneréacios folyamat sordrat végére. igy a porckorong parngssar &
A szélszakadas miatt a porckorong kihasakot vett fel, kozépen &t6r mintegy 50%-ot £
déasa is radikalisan medjna2. e dbrémhatsé n dt az 6sszenyomddasa, majd 56%-ot csok-L
kihasasodas nem-monoton névekedése 7&eft, mig a széleken tobbszorosére ndvekede
az elllsA és oldals6 kihasasodas monot@z 6sszenyomoédasa (elol 234%, hatul 228%)
névekedése 172% és 195% volt. m
A 3. c &bra porckorong Gsszefiben kelet- o
A 2. f dbranutatja a porckorong osszekev kezanyomofesziltségek atlagos csucsértékei->=
nek flggleges nyomdmerevség-csokkenésétek a valtozasat mutatja a degenerécios folyag
hirtelen degeneracios folyamat soran. A nuoat soran. Az iebb és merevebb nucleus- =
leusban hirtelen megérd hidrosztatikus ban az eredetileg nagyobb nyomoéfesziiltségekY
nyomasnak kdszonheh az annulus beds most is e@en, mintegy linearisan csokkentek
tamasza megsat, igy a beBannulus lamel- 0sszességében 82%-kal, mikozben a teher a
lA&k most is kihajlanak befelé, kovetkezéskdgidsa annulusra tef@lott at, ahol a nyomo-
pen, a nucleus radikalisan elvesztettedfiigg fesziltségek 54%-0s novekedést mutattak.
ges nyomomerevségét 91%-kal, admtsi- Ekozben a befannulusban szinte nem tor-
lus most 70%-kal, és most a &&lsnulus a tént valtozas. Hasonld tendencia volt meg-
szalszakadas miatt ugyancsak nagy mereveggyelhefiaz atlagos fesziltségekben is: szig-
csokkenést szenvedett, 62%-ban. A teljes poifekans, 77%-os cstkkenés a nucleusban,
korong merevségcsokkenése a hirtelen dggentd, 115%-o0s novekedés addismulus-
neracios folyamat soran 76% volt. Lathatian, jelentéktelen valtozas a &amulusban
hogy a degeneracios folyamat soran végiB.ad abra)A hatulsé-oldalsé annulus szalai-
belsdannulus a &tehervisehelem. ban fellé@maximalis hizoek 23%-0s nove-
kedést mutattak, 1,07 N-r6l 1,32 N értékre.
A3. dbraz id&ebb korban bekévetiezvég- Az Gsszenyomddashoz hasonldéan a porcko-
lemez és a tobbé-kevésbé osteoporotikus csmug kihasasodasara ugyancsak hatéssal volt,
lyak szivacsos csontjanak a karosodasavalhagy az eleve keményebb porckorong kisebb
hirtelen degeneréciés folyan(ht téblézat) ellendllasra talélt avéglemezben és a szivacsos

RENCIA — A-0008

lalja 6ssze. irdnyu klhasasodas is kezdetben csekély, majd
az utolsé fazisban @sljesebb novekedést

A 3. a abrdaz 6t degeneracios fazisra vonatutatott (hatul 62%, eldl 63% és oldalt 53%).

kozoan a fugdeges nyomofesziiltségek meg-

oszlasat latjuk a porckorong szagittalis kozép3. f Abranutatja a porckorong dsszekev

sikjaban. Lathatd, hogy a fidgges nyomod- nek fliggdeges nyomémerevség-csokkenését a

feszlltségek a nucleusban az 6todére csokkerielen degeneracids folyamat soran. Az eleve

tek, a beldannulusban alig valtoztak, a kiils keményebb és nagyobb meredsdgjeusban

mintegy kétszeresre novekedteB. B abran 66%, a sokkal kevésbé mereameiilusban

lathatd, hogy a mar &kbb, ezért keményebl67%, mig a kis merevédgilsdannulusban
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Fuggdleges fesziltsegek a szagittalis kizepsikhan hitelen
degeneracianal iddsebh korban, veglemez és szvacsos
csont karosodassal

-30

28 m
20

e 3 ‘28‘?

A porckorong dsszenyormddasa hirtelen degeneracio soran
iddsebh korban véglemez és szvacsos csont karosodassal

a hitelen degeneracio fazisai
| —o—hatlss —o —eluise - A -oldals

T E o
= 8o 18 < ops
P /\ ,(, £ a4 N
2 -13 i BT ———— 2 .15 121 == _j]/
5 r’ = 09 - '_K__ — = T8
m — - —
] 7 \[\%.. = I -1, .
0 4 g 12 16 20 24 28 32 36
sz agittélis tavolsag az elllsd oldatdl szamiva [mm] a hirtelen degeneracid fazsal
— AT 2f47is = = = » Aféris —o— 4 fzis —ﬁ—EféZ|s| ==l épen - O - eltl — —hatul
a) b)
Atlagos szag}ut?e"llwsfu‘gg.ﬁlgges csucsfesmtltségek h\r"telen Aﬂagos szagittalis foggdleges fesziitse gek Hirelen
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A porckorong kihasasodasa hirtelen degeneracio esetén A porckorong dsszeteviinek lagos figdleges
idsebb karbanvéglemez és szvacsos csont karosodas nyomémerevsé ge hirtelen degeneracio sorén
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e)

f)

3. AbraHirtelen degeneracié numerikus szimulacioj&eib korban, véglemez-
és szivacsoscsont-karosodassal. Valtozasok a hirtelen degeneracié soran
a) a filggdeges nyomofesziiltségekben a porckorong szagittalis kozépsykjqtuaokorong kozEgs
elllséés hatulsé 6sszenyomodasat)aporckorong dsszefiben keletkeaatlagos fligdeges
cslcsfesziltségekbayra porckorong tsszefiden keletkeaatlagos fligdeges feszlltségekben,
e)a porckorong hatulsd, eléés oldalsé kihasasodasébanporckorong dsszefimak atlagos
fliggdeges nyomomerevségében
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Mere\{)ze::g;:ﬁijkkenés be'!:slg:;llgﬂ lus ngclelal;ltg%ns'odéssal a vég;ltfeﬁztzfgkkgrsb;g”zivacsos
kihajlassal és szalszakadassal csont kdrosodasaval
nucleus 91 91 66
belsdannulus 88 70 67
kilsdannulus 21 62 32
a teljes porckorong 79 76 63

NIKAI KONFERENCIA — A-0008

2. tdblaza# porckorong és alkotérészeinek merevségcsokkenése a hirtelen degeneraciés folyamatok&ora

OMECH

32% mervségcsokkenés jatszodott le. A teéjeszakirodalomban csak a kezdeti degene-
porckorong merevségcsokkenése a hirteléaios fokozathoz tartozé 6sszenyomddasokm
degeneracios folyamat soran 63% volt. Lath@® kihasasodasi értékek allnak rendelkezésr
hogy a degeneréacios folyamat soran végigagan és munkatar$¥0,5 mm ésszenyomd- >
nucleus adtehervisehelem. dast kaptak 0,8 mm hatulsé és 0,55 mnéeliils &
kihasasodassal 1000 N nyordéeaz egész- :
A 2. 6sszehasonlitdblazatbaa porckorong séges porckorongon. Heuer és munkatar-
és alkotorészeinek merevségcsokkenését fogidt 42500 N nyomoeie 0,7 mm kihasa-
tuk Ossze a kulonbanirtelen degeneraciéssodast kaptak intakt porckorongon. Little és
folyamatok soran. kutatotarsdi 0,45 mm hatuls6 és 0,2 mm
oldalso, Li és Waff)0,38 mm hatsé-oldalso
és 0,23 mm oldals6 kihasasodéast szamitottak.
4. Megbeszélés Ezek az eredmények a 100 N és 2000 N cent-
rikus nyomoedie szamitott értékeinkkel 6ssz-
Hasonldan a gerinc életkori degeneracios foljiangban vannaks
mataihoz, a hirtelen degeneraciés folyamato-
kat befolyasolé ténydz hatdsa numerikus

P o Az életkori degenerécids folyamattal ellentét-
szimulacioval elemezhet

ben, amelynek soran a nucleusban aléitgs
Az életkori degeneracids folyamattal e"entgl)’_/omofeszultsegek nagysaga nagy kulonb-

. . segeket mutat (a kdzepén nagy a fesziiltség-
ben, amelynek soran a szegmentum és a porc:

e ; N %50kkenés, a szélén inkdbb novekedés van),
korong alakvaltoz6 képessége csokken, a hir

L . B} .~ viszont a hirtelen degeneracio soran a feszuilt-
telen degeneracids folyamat soran Bkgmi . .
o ) - ségek megoszlasa a nucleusban egyenletes.
san ng ami a szegmentum instabilitAsahoz

fajdalom kialakuldsdhoz vezethet, kivéltkégngre;;k;;ﬁ’ Ig’%ykalggﬁltilﬁzrzzgakrgi?;el

p.a tal korbaq, gyenge életkori degen,erla}cps |S%y a széleken a feszilltségek nagyobbak. Hir-

diumban. Mig a porckorong deformamokep«? Z T o .
. . . s .telen degeneraciénal nincs anyagi valtozas,

sége az életkori degeneréacios folyamat vé %reert a feszilltséaek eavenletesek

85-87%-kal csokkéna hirtelen degeneracio 9 oy '

soran 200-300%-kal ndvekedeatatmloknal,

és kisebb mértékben, de novekedettdaehid Mig batal korban a hirtelen degeneracié a

beknél is. Mig a porckorong kihasasodasa &isa annulus megterhelésével jar&atbb

70%-kal csokkent az életkori degeneracio sokorpban a hirtelen degeneracié soran abels

a hirtelen degenerécional 100-250%-&hal nannulus is viseli a terheket. Ennek oka, hogy

abataloknal, és 60%-kal azsiebbeknél. az id&ebb korban mar szilardabb nucleus
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belsdtdmaszt nydjt az annulusnak, és igy amizotrop szerepe van hlzas esetén, nem jat-
kihajlasat megakadalyozza, ami a teherbir&zék dominans szerepet a porckorong nyomé-
megmaradasaval jar. merevségében.

Az életkori degeneracios folyamattal ellentéz életkori degeneraciohoz hasonléan a hir-
ben, amelynek soran a porckorongdéggs telen degeneracié iskatal, alig degeneralt
nyomasi merevsége és teherbirasa a folyasmagmentumokat veszélyezteti leginkabb. Ezt
soran novekszik, a hirtelen degeneraciés folgdorosztalyt ugyanis a hirtelen degeneracional
matban szigikansan lecsokken, ami szedellépa radikalis merevségcsokkenés éppen
mentalis instabilitashoz és sériiléshez, faj@dkor éri, amikor a porckorngok merevsége az
lomhoz vezethet. Kurutz és OrosZ#&fty életkori degeneracios skalan a legKidébb
ugyanezen numerikus modell alapjan kimuszamos publikaciéban leszdgezték, baigy
tatta, hogy a gyenge életkori degeneracios fédarban a gyenge degeneracié instabilitashoz
zathoz tartozé leggyengébb merevséghez visazet, mig idgebb korban az &haladott
nyitva a porckorong merevsége 580%dkal rdegeneracié a stabilitasi esélyt javitja, mivel a
folyamat végére. Ugyanakkor a hirtelen deggrengén degeneralt szegmentumnak a legki-
neracios folyamatban a porckorng merevségelb az ellenallds®-14.15.3%aloban, katal,
Pataloknal 60-80%-kal, aziidknél 60%-kal gyengén degeneralt porckorongnal a hirtelen
csokken, a degeneracié tipusatdl ésakisgegeneraciés merevségcsokkenés mintegy
jelenségei fugga@n (2. tablazat). 2100 N/mm szintd indul, és hirtelen lecsok-
ken mintegy 75-80%-kal 400-500 N/mm
Az életkori degeneracios folyamatokhoz hasesaintre. Ugyanakkor &ebb korban a merev-
I6an a hirtelen degeneracids folyamatokatsisgcsokkenés magasabb sgiB600 N/mm-
a nucleus Allapota befolyasolja leginkabi indul, és mintegy 60%-kal, 1440 N/mm-re
A porckorong merevségvaltozasban is a legpkken. Ratalabb korban nagyobb deforma-
fontosabb faktor a nucleus merevsége. Agiirképesség is abban az iranyban hat, hogy a
életkori, akar hirtelen degeneracios folyamathiitelen degeneracional kelet&eagy alak-
van sz06, a legélénkebb merevségvaltozastltzasok ebben a korban a legveszélyesebbek
nucleus mutatja, élénken valtozik a &elsa lumbalis szakaszon felf&griilések és faj-
annulus merevsége is, mig a &aisnulus dalom szempontjabol.
merevségében altalaban csekélyebb a valtozas.
Kimondhatjuk tehat, hogy a porckorongzamitasainkkal igazoltubpatal felrdt kor-
.merevségérzékenysége” a nucleus kdrepésztaly veszélyeztetettségét a lumbdlis porc-
kifelé radialisan csokken. Eletkori degeneragidrongbantalom szempontjabdél. Valéban, a
végére a nucleus merevsége 1100%-kalaa killsgyar balneolégusok és hidroterapeutak
és beld annulus merevsége 350-600%-Kalpasztalata szerta porckorongbantalom
novekedett (Kurutz és Orosz¢&f Hirte- miatt kezelt betegek legnagyobb szézaléka
len degeneraciénal a nucleus merevségcsokkéo-55 éves korosztalybdl keriil ki. Ez a kor-
nésebatalon 90%, iebben 60-70%; a ldelsosztaly nemcsak az életkori, hanem a hirtelen
annulusépatalon 70-90%, &kbben 70%; a degeneracié szempontjabodl is a legsériiléke-
kils& annulusépatalon 20-60%, &kbben nyebb. A végeselemes modell és szimulacio
30%, a degeneraciotdl és Kipdenséged alapjan ennek mechanikai 0sszdités okait
filgg&n(2. tAblazat)/aléban, latridis €s mun- mutattuk ki, segitve ezzel a degeneracios folya-
katarsd? bizonyitottak, hogy a szélas és rétaatok minél jobb megértését és a kezelési
ges szerkezéannulus, amelynek dominansmodok hatékonyabbd tételét.
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Abstract
The biomechanical behaviour of a dental implant plays an important role in its functional I%‘u-
gevity inside the bone. Occlusal forces affect the bone surrounding an oral implant. To avoic
fracture and bone resorption — by achieving the most even stress distribution in the béﬁe -
implants should be applied that transfer occlusal forces to the bone within physiologic Iimits&%/ith
geometry capable to enhance bone formation. The following study deals with the trabecular®one
substance especially surrounding dental implants considering the microscopic conformatisn o
the bone. The dental surgical use of a formerly developed stochastically generated frame mod
of the trabecular bone is introduced, which is created by interlinking a stochastically generated s
of nodes in a certain domain, according to a previdasgddimking-rule. Thénite element

model possesses the geometrical and mechanical microstructural properties — obtained from li
erature — of the trabecular bone substance of an average man from the edentulous mandibul:
region. Thebnite element beam model was submitted to compression, shear and torsion tests.
and the macro-structural elastic properties were computed from the result data obtained by mear
of Pnite element analysis. The thus received frame model was combinedbmitthelement

model of the cortical bone layer in the mandible (lower jaw bone) and a dental implant, where
the incompleteness of the bone-implant interface was taken into account.

Keywordsdental implants; trabecular bopeite element analysis; bone mechanics

1. Introduction load — of the cortical and cancellous bone sur-
rounding dental implants, since being appli-
Application of dental implants is currentlgable in vivo. These numerical experiments
the most general and physiologically the mdestve their importance in making the implan-
favourable procedure for tooth replacemeation the possibly most secure, reliable and
in dental surgery. Implants can have eithefrcient, and the lifetime of the implant the
advantageous or destructive effect on the dangest conceivable,nyding the most favo-
rounding bone, depending on several physigable thread formation, surface, material, etc.
logical, material and mechanical factors. The Pnite element analysis of the bone several
most general method for estimating the biassumptions need to be made, tifatence
mechanical behaviour of the bornite ele- the accuracy of the results. Recently, in most of
ment analysis, which has become indispetise reported works the geometry of the implant
able in determining the mechanical behaviooan be modelled accurately, the assumptions
— stress and strain distributions under a certair® made in the aspect of the bone and bone-

143




4. MAGYAR BIOMECHANIKAI KONFERENCIA — A-0022

Biomechanica Hungarica lll. évfolyam, 1. szam

implant interface — where optimal osseointsis — on the mechanical properties of the bone.
gration is assumed, which is acceptable aftethe majority of cases the models are from
the bone healing period only at some patke vertebral or the femoral bone substance
of the implant surface — and the boundaand not from the mandible or maxilla and
conditions. Materials are mostly treated iaslude no implants in or cortical layer around
continuum, with material properties usualljhe examined trabecular bone. The use of CT-
set homogenous and linear with elastic materaging means a serious restriction in the
rial properties characterized by two mater@leryday applicability of the afore-mentioned
constants: Young’'s modulus and Poissob@ne models applying either volume- or beam-
ratio. This assumption approaches the behalements. In micro-computed tomography
iour of the metal alloys quite well, the propeimaging cadaveric samples are examined. In
ties of the bone are still intensively investienventional CT-imaging or in Cone Beam
gated. Computed Tomography (CBCT) or Dental
Volume Tomography (DVT) scanners, which
The macromechanical properties of the boaee the latest generations of CT imaging in
are ifBuenced by its microstructure. For thidentistry the — often otherwise healthy — pati-
reason, microstructural information needs &mts are exposed to radiation exposure. On the
be included in the analysis to predict individontrary densitometry is accompanied by neg-
ual mechanical bone propettiddicrostruc- ligible radiation dose. Furthermore these kinds
tural modelling of trabecular bone has becomEexaminations are patient speand only
an extensively investigatedld of biome- suitable for describing the small, previously
chanical researches nowadays. The most cacanned fragment of the bone. In the initial
monly used tool for characterizing the conphase of the researches the objective was to
plex architecture and material properties ofeate a program that generates a stochastic
bony organs is the conversion of micro-cotveam structure, which has the format identical
puted tomography images into micro-FRvith the input data of program system ANSYS
modeld. The micro-computed tomographyand has parameters, which are revisable accor-
images (3D high resolution images) can bléeng to the bone that is simulated (in the aspect
transformed intdPnite element models byof density, porosity, elastic properties etc.).
means of different methods. The 3D recoi-bnite element bone model was produced,
struction can be directly transformed into avhich — on the microstructural level — posses-
equally shaped mickmite element model by ses the properties of the trabecular bone sub-
simply converting all voxels to equally sizethnce of an average man from the edentulous
8-node brick elements (identical hexahedmlandibular region, such as the geometry (ave-
elements). This resultsbnite element mod- rage length and diameter) and the material
els with a very large number of elemengtributes of a single trabecula or the porosity
which means the need of high computation@r density) of the bone substance.
capacity and tidleRepresenting each trabec-
ula with just one beam element reduces coifiie receivethnite element frame model was
putational time and leads to the reductiosubmitted to compression, shear and torsion
in computational efforts as Wellhese meth- tests, and the macro-structural elastic proper-
ods have been developed for simulating ties were computed. The results were com-
mechanical behaviour of several types of bopased with the mechanical properties of the
of the human skeleton, usually for simulatingal bone tissue — drawn from literature — and
the effect of bone diseases — such as osteoploeoparameters of the model were set accord-
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ing to ther In the following study thmite and has to be selected to be convenient to th
element model of the trabecular bone is coaims of the planned investigations. In the pres- Ll
bined with the models of the cortical layent case the desired number of nodes was s
of the mandible and of a screw type dentala 5 mmb mmub mm sized cubical shaped %
implant. domain, which represents the identical sized g
bone substance. The stability of the model is=
provided by the appropriate number of link- X

2. Methods and results ings between the nodes and by the rigidity 0f<Z,:
the connections. Each node was connectedL
2.1. Modelling the bone with a beam to the closest at least three nodeay

but considering the geometry of the trabecular 2
In building thebnite element models of biol-bone of the human mandible this number had m
ogical systems assumptions need to be maalde set from 5 to 7. To achieve the requiredX@
In most reported studies — where the bompproximately 70% porosity (percentage value>-
around dental implants is examined by meaofvoids volume of bone material in proportion <
of bnite element analysis — the macroscopicthe volume of the whole cube) — according E
geometry of the bone is modelled and theliterary dafa’-8:%- the number of the nodes ¥
assumption is made, that the materials aed the applied linkings were changed, with
homogeneous and linear and that they hawwe length and diameter kept on the values
elastic material behaviour. In most modeghieved from microscopic images. In the thus
simulating the mechanical behaviour of bomeceivedcnite element model each trabecula
surrounding dental implants the cortical andas represented by one beam element. From
trabecular bone substances are treated as tanassortment of program system ANSYS the
tinuums — except for some early works, wheecalled BEAM188 element was applied,
sometimes only the compact bone is taken imtbich is a three dimensional lindznite
account and the cancellous substance is n&igain beam based on Timoshenko beam the-
lected — with no local failures, discontinuitiesry, in which shear deformation effects are
cracks or inhomogeneities. included® The consideration of the shear

deformations are juséid because of the
In case of the present study the porous strbeams being slightly stubby and possessing
ture of the trabecular bone was taken inp@rous contexture.
account by using its previously published
microstructural model, while the solid, coniFhe material properties of the trabeculae, and
pact material of the cortical bone was conside macrostructural properties of the trabecu-
ered as a homogeneous, linearly elastic clamn-and the cortical bone were set according to
tinuum. the data achieved from the literature. Several

technigues can be found for determining the
The bnite element beam model of the cancéfoung’s modulus of the single trabedfae
lous bondFigure 1as created by interlink-direct mechanical testing of a single trabecula
ing a stochastically generated set of nodes iin &nsion (Ryan and Williams, 1989), 3-point
certain domain (Representative Volume Elbending (Kuhn et al., 1987 and Choi et al.,
ment), according to a previouslgram link-  1990) or buckling (Townsend et al., 1975 and
ing-rule. The extent of the Representatiieunkle and Pugh, 1975); ultrasonic wave pro-
Volume is characteristic of the mechanigahgation and scanning acoustic microscopy in
properties of the modelled material voluneabecular bone specimens (Ashman and Rho,
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19882 Turner et al., 1999 and Nomura et the present research of ours — examine the
al, 200%); pnite element analysis (Pugh et almechanical behaviour of these or of the bone
1973; Williams and Lewis, 1982; Mente amdirrounding them, considering various geom-
Lewis, 1987; van Rietbergen et al., 1995 aty, thread formation, length and diameter.
Kabel et al., 1999 and nanoidentation (Rho Material properties of dental implants can
et al., 199% Zysset et al., 1999 The macro be approached quite accurately — since being
structural Young’s modulus value of cancehetal alloys —as homogeneous and linear with
lous bone was estimated by means of three eldéstic material behaviour characterized by
ferent methods: using Hodgkinson and Cutwo material constants, Young’'s modulus and
rey’s (1992) empirical equations relating moEeisson’s ratio. Nowadays the application of
ulus and densiyby the means bhite ele- metallic materials in dental implantology is
ment analysi8or compression t&$t&? limited to commercially pure titanium and its
(Ti-6AI-4V) alloy®.
The Pnite element model of the cortical bone
(Figure 1)was meshed with tetrahedral voln this stage of the research a method was
ume elements because of the complex geeveloped for describing the geometry of the
metry at the surface where the bone mestsew type implants by means of mathematical
the implant. functions and several miealble or revisable
parameters to make the procedupaité ele-
ment modelling faster and easier. The param-
2.2. Modelling the implant eters, which can be altered according to the
sizes and shapes of the implants chosen by the
Dental implants are aptiial tooth root rep- dental surgeon, are the following: the length of
lacements. They are implanted in the jathe implant, the inner and outer diameter of
bones during small surgical operations to hdlie implant, the thread formation and thread
the prosthesis and to fasten it to the bone.piiich, all of which can change along the length
dental surgery the most commonly used imgecording to a function or differ in certain seg-
lant types are the screw type endosteal — thants and the shape of the implant apex. In
are imbedded in the bone — implants, for thsgure 2the models of two different dental
reason the most of the related studies — sdrdplant types can be seen.

Figure 1Finite element models of the trabecular (left) and the cortical (right) bone
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Figure 2Finite element models of two different screw type dental implants
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Since especially the behaviour of the bone idant, which cannot be assumed during the E
the centre of our interest, and since being titeealing period and arguable after the complete ™
nium alloy the material of the implants walsealing, because of the presence of an interme-
assumed to be much stiffer than the bone, atidry layer between the two materials, which
only the surface of the screw was taken iicgn be connected to the implant surface in dif-
account and meshed with triangular shell elierent degrees. The degree of the osseointegra-
ments with high stiffness value. tion can be characterized by the BIC (bone-
implant contact) value, which means the per-
centage of the implant area connected to the
2.3. Modelling the bone-implant interface  bone and the area of the whole implant sur-
facél
At the bone-implant interface most of the
Pnite element models assume optimal oss&@be imperfection of the osseointegration
integration, which means, that the bone is peould be taken into account by modelling the
fectly bonded to the whole surface of the imgforementioned intermediary layer as a mem-

L AN

Figure 3Finite element mesh of intermediary membrane between the bone and the implant
with thebnite element mesh of the implant
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brane covering different percents of the sur fabé&ch came up when the beams were cut, was
of the implant (30% at the apex, 60% in ttiee appearance of too short elements, and
middle, where it meets the trabecular borteigams that were not connected to any other
and 90% at the upper region of the implarfteams. These elements had to be found and
where the mambrane meets the cortical boeeased.
by using an additional layer also meshed with
triangular shell elementBigure 3)The ele-
ments forming the cortical and trabecular boBeConclusions
are attached to these elements instead of the
implant. In this study a numerical modelling method of
the trabecular bone microstructure was intro-
duced, which was developed for the examina-
2.4. Compiling the model tion of the mandibular or maxillar cancellous
bone especially around dental implants in the
While compiling the compléxite element framework of a former research. The mechan-
model from the aforementioned four parisal behaviour of biological materials — such as
(implant, trabecular bone, cortical bone, intetancellous bone — are most commonly exam-
mediary layer) especially while intersectimged by the means of direct mechanical testing
the beams with the volume or shell elememisbnite element analysis, the latter of which is
we faced severalmitilties. The problem of the in vivo applicable method in humans. In
connecting the different element types hadtle aspect of oral implantation in the upper-
be solved. The beams cut by the surfaces oftin lower-jawbones thaite element models
implant or the cortical bone had to be connec¢ported so far consider the trabecular bone
ed to the nodes of the surface rtigéghire 4), substance as a continuum. The fact, that mic-
so an algorithm had to be developed, whiobstructural properties have remarkable effect
changes the end points of the cut beams fromthe overall behaviour of the bone, indicates
the original connection points to the closesie need of micromechanical simulations. The
nodes of the surfaces. The second problemast commonly used method for modelling

<

Figure 4The combinetbnite element model of the implant and cortical bone (left)
and the connection of the beams to the intermediary membrane (right),
the original beam (red) changed to a properly connecting one (green)

148



Biomechanica Hungarica lll. évfolyam, 1. s:

the cancellous bone’s microstructure is theent. The received model was combined
conversion of CT images iritnite element with thebnite element models of the mandib-
meshes using either volume or beam elementar cortical bone and the dental implant.
the latter of which overcomes theadiifties The incomplete contact between the cancel-
resulting from the high computational timdous or cortical bone and the implant was takeng
and effort demand. The application of CThto account by using an intermediary layer z
imaging can be avoided by creating a stocHastween the two surfaces, which covers thex
tically generated, porosity (or density) depamplant according to the value of the bone-
dent bnite element frame model, in whichmplant contact area and connects it to the
each trabecula is simulated by one beam d&lene.
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Introduction sué’ and contribute to materials transport.
Most recently ordered structure silicas like
Artibcial materials of controled strengtiMCM-41 are under investigation in combina-
chemical composition and pore structure haten with polilactic acid or other biopolymers
gained sigficant attention in the medicalas new, high porosity bone substiutes
practice in the last two decades. Synthetic
materials used for bone substitution are ®bl-gel technology opened the way to the syn-
either inorganic or organic origin. Inorganithesis of mesoporous silicas that can be used as
materials like tricalcium phospHateand extremely high porosity matrix and excellent
hydroxylapatifeare preferred nowadays, budrug delivery materials. In combination with
other materials such as ceramics and béalcium ions containing inorganic materials
ceramic$ bioglass® metals with bioactive they may represent the third generation of
ceramic surface coafifigr calcium sulfalé® bone substituent biocerartfic88ased upon
are also in active duty. Organic substancespig. earlier experiences in aerogel synthesis
polylactic acRl PMMALL collagen or chito- and supercritical drying technology we have
sat?13are also widely used, most frequenttiecided to synthesize potentially bioresorbable
in combination with one or more of the beforeemposite materials containing calcium phos-
mentioned inorganiellers. phate powder and mesoporous silica of con-
trolled pore size.
Most recently the role of silica in living
organisms has been revised and now is con-
sidered essential for the development of bdnethods
tissue¥' Silica containing calcium phosphate
have shown osteoinductivity in human ostebtaterials
blast cultures in vittdand preparations with Tetramethoxysilane (TMOS, 98%) was purc-
various silica and calcium phosphate compasésed from Fluka, microgranular cellul ose
tions are under clinical studfes from Sigma, methanol (purum), acetone (pu-
rum) and ammonia solution (analytical grade,
Pore size distribution of bones andbadl 25%) from Acidum-2 Kft. (Debrecen, Hun-
bone substitute materials are of critical impagary), tricalcium phosphate (Ph Eur) from a
tance. Natural pores in the 100-1@G80 local pharmacy. Triple deionized, membrane
region are required for bone tissue ingrowtdmnd carborpltered water was prepared with a
while smaller pores in the 10-1®0 range water station, which was constructed of a high
conduct only the unmineralizédbrous tis- capacity double ion exchange battery con-
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nected to a high purity MilliQ instrument.depending on the actual temperature and the
Carbon dioxide cylinders were purchasehgth of ultrasound treatment. The longer

from Linde. was the sonication, the shorter was the setting
time. (Note that changing of the molar ratios
Methods and instrumentation or particle size of the solid components may

Plastic molds (approx. 70 mm tall) welead to too short or too long setting times or to
machined from a regular pvc waterwork pigedimentation of tricalcium phosphate. Some
of 28/32 mm id/od. The inner walls of thexperimentation might be necessarlpnid
molds were covered with thiRda foil. The the optimal conditions.)
bottom of the molds were sealed with multiple
layers of pakRm. Supercritical carbon dioxidePreparation of X1-700 and X1-900 xerogels
drying was performed in a custom made 1.%Ckllulose-tricalcium phosphate alcogel mono-
volume stainless steel SQidyer at 70-80 °C. liths were pushed out of the molds with a
Heating and sintering of the samples was carachined plunger and placed into a Petri dish
ried out in a 14 L volume WiseTherm rectarined withbve layers of rourmter paper. To
gular furnace, the temperature accuracy veaid cracking and ensure uniform drying the
better than —1/+3 °C at 1150 °C. monoliths were surrounded and covered nearly
airtight with cylinders made of several layers of
Compresive stress of the samples were detgularblter paper and let to stand and dry
mined with a INSTRON 8874 Servohydrauliander a hood for several days. In this period
Biaxial Material Testing Machine. Thermosignipcant linear shrinking occured, but cracks
gravimetric and thermoanalytical measurdid not appear. The resulted gels were dried in
ment was carried out with a MOM Derivatoan oven at 100-110 °C for at least one day,
graph-C instrument in the 100-1200 °C ranglen heated in a furnace at 700 °C for 5 hours
Scanning electron microscopic images weéoeburn out cellulose and reachkhal struc-
recoreded on a Hitachi S-4300 CFE instradre and dimensions (shrinking from 28.0 mm

ment. od. to 14.5 mm od. occured). Those xerogels
were still fairly fragile and sensitive pieces,
Cellulose-tricalcium phosphate alcogel which could be broken easily by bare hands

To a vigorously stirred solution of 21.00 miSample X1-700).

(21.48 g, 0.1411 mol) of tetramethoxy silane

(TMOS), 154 mL (121 g, 3.80 mol) of methak X1-700 xerogel monolith was sintered at
nol (MeOH), 14,0 mL (14.0 g, 0.77 mol) d00 °C for 12—24 hours to reach the required
water was added 7.00 g of microgranular aakechanical strength. It shrinked further to a
lulose and 7.00 g of venely powdered tri- pPnal diameter of 10.5 mm, and its strength
calcium phosphate. The mixture was sonicatedreased so much that it could not be broken
in a common laboratory ultrasonic bath for by bare hands any more (Sample X1-900).

2 minutes to evenly disperese the solids, then

stirred vigorously meanwhile 35 mL of amm@&reparation of A1-SC aerogel

nium hydroxyde (25 m/m%, 0.47 mol JNH Water and alcohol content of the alcogel
was added in one portion. The homogenouo®onoliths were replaced with acetone in the
mixture was poured rapidly into the plastiollowing manner. The alcogels were pushed
molds, sealed and let to stand at room teout of the plastic molds and soakest in
perature for several days. Setting occumde methanol, then in methanol-acetone mix-
within a few ten seconds to a few minutdsyes (acetone content was increased gradually
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in 25% steps) and in acetone, for one daytiirg occured to make a hexagonally ordered©
each solvent mixtures. Acetone gels were ttemplate. The molds were then sealed and letl
. o
transfered into the SG@ryer under acetone.to age at room temperature for several daysui
After sealing the reactor body, acetone wiste that it is quite ditult to catch the right %
drained anddushed with liquid carbon diox- moment for casting to prevent rapid sedimen- g
ide. Remaining acetone entrapped in the ttagion of tricalcium phosphate granules, the- =
gel bodies was expelled by liquid carbon diogfore preliminary experimentation is recom- X
ide and formed an immiscible secondary liggended. Moderate increase or decrease of th%
uid phase in the bottom of the reactor. Thimlume of ammonium hydroxyde may also 2—')
was drained in several portions in a 4-12 hobesnecessary, as the concentration depends o
period of time. The system was considerénx® brand, the temperature and the age of theg
acetone-free when dry ice collected from thalution.) m
Bushing carbon dioxide gave no liquid residue
evaporated on a horizontal steel surface. TPeeparation of tricalcium-phosphate
temperature was then increased to and keptatogels A2-SC
approximately 60—70 °C for at least one holihese samples were prepared by the sam?_
then the pressure was released in 3-4 hasupercritical drying method as given for Al- ¥
through a needle valve and a capillary ma8€ aerogel. From the templated aerogel the
of a 100 mm long 1/16” od. 0.005” id. HPLBamboo sticks could have been pulled out
steel tubing. The aerogel samples were remithout cracking of the monolith and left rect-
ved from the reactor and stored either inaagular channels behind.
heated cabinet at 110 °C or in sealed vials

AGYAR B

(Sample A1-SC). Preparation of A2-1000 aerogel
A2-SC aerogel samples were sintered at
Preparation of A1-1000 aerogel 1000 °C for 6 hours in a furnace.

Aerogel sample A1-SC was sintered in a fur-
nace at 1000 °C for 6 hours resulting in a sig-
nibcantly shrinked aerogel monolith. Results and discussion

Tricalcium phosphate alcogel Effect of drying technique on gel structures
To a vigorously stirred solution of 12.60 niChe alcogel samples were dried by two differ-
(12.89 g, 0.085 mol) of TMOS, 92 mL (73 ent ways. Therst one was ambient drying at
2.27 mol) of MeOH, 8,4 mL (8.4 g, 0.47 malpom temperature, followed by heating in a
of water was added 7.00 g of meeyy pow- furnace, which gave higher density, Isigni
dered tricalcium phosphate. The mixtureanly shrinked xerogels X1-700 and X1-900.
was sonicated for a short while to evenly dife second one was supercritical carbon diox-
perese the solids, then stirred very vigoroudly drying resulted in aerogel samples A1-SC
meanwhile 21 mL of ammonium hydroxydand A2-SC, from which samples A1-1000 and
(25 m/m9%, 0.28 mol Njiwas added in one A2-1000 were prepared by heating at 1000 °C.
portion. The homogenous mixture was vigokerogels showed increased pore sizes and loss
ously stirred until the viscosity had increasefimesoporosity compared to the correspond-
signbcantly, then poured rapidly into plastimg aerogel analogs, which was the conse-
molds. Bamboo sticks (soaked in methammplence of shrinking and deterioration of the
before, dimensions: 3 mBimmu/0 mm) were aerogel structure due to the presence of capil-
inserted into one of the monoliths before sédry forces in the atmospheric drying phase.
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Figure 10ptical microscopy images of silica-tricalcium phosphate xerogel monolith
X1-900 in 1@and 12@magnication, respectively

Figure 1shows optical microscopic picturéarge pores behind in the matrix, the pore
of the X1-900 monolith. The grainy structurdiameters are in the range of approx. 100—
proved to be characteristic to all calcium-ph@®900 Bn, which belongs to the macropore
phate powder containing silica composites. region. A2-1000 shows a normal aerogel struc-
ture characterized by evenly distributed meso-
Structure of aerogel composites pores in the 10-10®n range.
Chemical composition of the aerogel and
xerogel samples were identical for all of ttical microscopic images show the differ-
samples as follows (calculated, expressednag between the macrostructures of A1-SC
oxides): Si954.3 %, CaO 24.8 %,0P and A2-SC aerogel composites-igure 3.
20.9%. Cellulose was used as a disposablsample A1-SC the optical transparency is
template material for the creation of poresimuch lower and the gel structure seems to be
the submicron and microne range and can im®re homogeneous then in A2-SC. The dif-
burned out at 500 °Eigure Zhows the SEM ference is most likely due to the presence of
pictures of A1-1000 and A2-1000 aerogelscdiiulose in Al alcogel in the setting phase.
can be seen quite well that burnt cellulose I€®llulose and calcium phosphate together

» .
i, K- 10umJ SE' . “09%5ep-09 - WD157 3nn o
33 : -
¢ i

Figure 2SEM pictures of composite aerogel samples A1-1000 and A2-100€atidagni
of the left and right pictures are 4k and 12k, respectively
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Figure 3Microscopic images of aerogels A1-SC (left) and A2-SC (rightynmag@@cation.
Aerogel matrix is transparent and almost completely invisible in the right picture
(some blueish tint can be observed between the seeds)

4. MAGYAR BIOMECHANIKAI KONFERENCIA — A-0052

provided a much higher number of seeds focan be seen Figure 4he linear shrinking
crystal forming, while in the A2 alcogel th@as moderate until 700 °C (1073 K) and
relatively large particles of tricalcium phobecame very sigoant above 800 °C. The vir-
phate were present in much less numbieial density of the sample decreased a bit at
resulting in formation of large condensed pdow temperature due to desorption of adsorbed
ticles, which were embedded in and connectalvents and water, then remained nearly
by a nearly transparent silica aerogel mattixchanged (0,09 g/énbetween 500 °C and
600 °C and then increased $igaitly over
Sintering, shrinking 800 °C to reach 0.49 gforalue at 1000 °C.
Changes of density and length of the aerogel
sample A1-SC on heating was studied and tigended heating of the sample at 12 h/
results are representeffigure 4The sample 1000 °C and then 3h/1050 °C resulted in even
was heated for 24 hours at each temperatoigher densities of 0.75 glaand 1.04 g/cin
given, except for 1000 °C and 1050 °C, whiebpectively. The sample shrinked to 38% of
were kept for 3 and 1 hours, respectively.tle original length by reaching 1050 °C.
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Figure 4Change of relative density and length of aerogel monolith A1-SC versus
the sintering temperature
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Thermogravimetry analysis slow viscou8ow) in the aerogel and led to
Thermic behaviour of sample A1-700 wd#se formation of large grains in the micron
studied by thermogravimetry/differential therange.
moanalysis technique. 69 mg amount of aero-
gel was tested and the change of weight dhéchanical testing
inner temperature was recorded as a functi@glindrical specimens of X1-900 and A2-1000
of time. TG-DTG-DTA curves of sample Alwith known geometry were placed in the ser-
700 can be seerFigure 5 vohydraulic tester between 2 mm thick hard
polypropylene plates. Compressive load vs.
At thebrst part of the DTA curve an endoeompressive extension cu@gure 6)were
thermic change can be observed, which isrécorded by using the 10 kN probe and com-
accordance with the loss of weight in the Ti@essive stress values were calculated. Com-
curve. Both end by approx. 240 °C and theessive stress of aerogel sample A1-900 has
phenomenon corresponds to the desorptionat§o been determined, but its value was very
water. From 240 °C to 975 °C no thermic prow (0.28 MPa). This weakening of the aero-
cess occured in the gel. At 975 °C an exotlysl- composite structure was most likely the
mic coalescence of thee silica matrix has consequence of the presence of large pores and
started andnished by 1150 °C. This procedhin walls that were formed on baking out cel-
can be attributed in minor part to the corulose from the gel.
densation of silanol grups and in major part
to the reduction of surface (by melting anthe calculated compressive stress values of
X1-900 and A2-1000 samples were 18.2 MPa
and 35.1 MPa, respectively. These values can
be considered fairly promising in the point of
view of potential bone substitution, as they
reached or exceeded the average strength of
natural cancellous bones.

Conclusions

T Y " | Two drying techniques have been developed
for the preparation of tricalcium phosphate
Figure 5TG-DTG-DTA curves of sample A1-700containing high porosity materials based

900 <4000

3000

zooo

1000

Compressive load (M)
s
=
2
Compressive load (N)

o

-1000
00 0z 04 06 0.5 10 12 14 16 1.5 20 2.2

, L , , L L L L
02 00 02 04 06 08 10 1.2 14 16 18
Compressive extension (rmm}

Compressive extension {mm)

Figure 6Compressive load vs. compressive extension curves of X1-900 (left) and A2-1000 (right) sample
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on silica aerogels or xerogels fobaati calcium phosphate-silica aerogel composite%
bonesubstitution. Xerogel sample X1-900 wasepared by the sol-gel technology and super-L
moresimple to make by ambient drying butritical drying have the potential to be used L
shaved somewhat less mechanical strengéts. an articial bone substitute. In addition, %
Silica aerogel A2-1000, which contained evetilg characteristic aerogel pore structure offerg
distributed tricalcium phosphate particles eman extra possibility to be used not just asz
bedded and chemically bonded in silica aetmsne substitute but also as a slow release drug
gel showed the highest compressive strenggirier, which might be used for simulta- Z
and reached the strength of cancellous bomesous treatment of bone infections or otherk

Based upon our experimental data, this tdiseases.

A
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Abstract
Status of a new project — focusing on technical aspects of fusion of live video and dataLL)lfror
optical motion tracking — is summarized. Also, thésate of development in two areas is =
marked out: (1) in clinicekld of endoscopic surgeries as demonstrating and training tool; (2)ah
biomechanical research for accurate detection of human motion curves.

Keywordsvideo tracking, motion data fusion, endoscope, movement analysis

4. MAGYAR

Introduction ning with imaging data (CT, MR), the client
observers follow in real-time the trajectory of
The idea of representing video image aetdoscope and identify the critical anatomical
captured motion data in a common referenparts.
frame is not neW38put, because of many
application areas and latest achievementsAimother important area of fused (conventio-
technology, it's worth to give attention to real) video and motion data is closely related
lated technical and clinical aspects. to biomechanical research. Reconstruction of
3D human movement is lddult if predened
As an important application, this article givggaphical models are supposed to match bone
an introduction of tools for training and demmovements during gait analysis or study of
onstrations in endoscopic surgery. These gaalg pathologic motiéi-2 Correction of geo-
can be reached by integrating endoscopic vitetrical axes or use of constraints in model-
eo into surgical navigation environment aridg after experiments makes the interpreta-
performing motion tracking of surgical detion of motion diagrams almost impos&ible
vices and endoscope. In future extension, fimroduction of 3D registered video and fused
internet-based training and demonstrationsyn@otion data from bone sensors helps a lot in
special network transfer can be developedtésting kinematical models. The misalign-
transmitting live video with surgical planningnent of graphical models can be visualized
and motion data. The education of surgicahd compared to real anatomy on video screen
skills is a common problem in endoscopic suising different camera positions. On screen
gery that supports the proposed projec€plarediting is possible in live and playback modes.
Personal communications with head physifter involving and registering diagnostic vol-
cians in local hospitals twm that, inexpe- ume (CT, MR volumetric models or planar X-
rienced intervention frequently rearranges tRays) to tracker’s space, the accuracy of kine-
anatomical structures during ENT (Ear Noseatical models — during video screen editing —
and Throat) surgeries that can cause large obn be easily tested even on static diagnostic
stacles in acute cases. In case of surgical plata.
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Methods In case of ideal radial distortion (for many en-
doscopes) distortion equations (1, 2) can be

Video calibration modiped:

Positioning of video frame into 3D navigatioNL 2 E2QE2Q E2Q (8)

environment is performed by registration of

camera space to the space of motion trackivitere Qis the radial distance on undistorted
device. This is possible between 3D orthogane andyis the estimated distance after dis-
nal coordinate spaces; therefore it has totteion. In this case the error between the ob-
preceded by conversion of visible (usually disrved ) and calculate@h) values:

torted) image plane into an undistorted image

plane. This step is hamed as calibration pro+ !~ F |!% 9)
cedure which means calculation of transform

between the distorted and undistorted imagiereP contains the ideal image coordinates:

planes. Distortion parameters are given by
|’S Q Q Q F

FL =5 ESQESRESJ ESQRESR 1) | ,_}S ®Q % Q‘E® ® (10)
GL > E>QE 3 RE >0 E »0Q FE 3,R 2 :z QQFS QQFS QJQFSE
where grare the coordinates on undistortedd 2 2 2 22 (112)

(ideal) image plane and) are the calculated

values. Undistorted image plane is a calib(d) and (9) can be optimized by statistical
tion grid containing large number of markermethods. Vectors (6, 7) and (11) can be cal-
Error function between obser\gtic) and culated by SVB (singular value decomposi-

calculated coordinate tion) which accurately estimates video distor-
D LR RFE G HiG 3) tions for both conventional and endoscopic

cameras:
in vector form:

.| €] -FU| €,

CLleFIEELCF [N @ LT (12)
where -4 are the vectors which are from dis-L :| ¢| ;7Y ¢ (13)
torted image plane. represents the matrix
which is set from values of ideal undistorted. :| €| ;7Y € (14)

image plane (calibration grid):
Target positions marked out on video image
s @ R 4 Qr R should be also transformed back to the track-
is Q R @ QR R , i ) )
L ® ® ® ® (5)e er's refgrence space or diagnostic volume. It's
is Qrs Res Qrs QrsRrs RpsR possible if the inverse of distorting equations
s @ R’ Q@ QR R O (1)(2)(8) are known. This calculation is dif-
pcult from the results bfst, “distorter” step
Distortion parameters if both coordinates and only numerically possible. Therefore an-

F<¥<Bu]

are involved: other approach is proposed. According to it, the
L= % % 3 A WP (6) inverted parameters are calculated in the same

way as the forward values but with different as-
TLr % ox o3 o3 %2 (7) signments. The input coordinates or distances
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(u, v) used in théorst step, are replaced byideo frame registration

values located on the distorted infpde r)

Afterwards, the paramet®slepend on the The registration matrix between the motion
distorted coordinates and the error functiotracking device and the coordinate system of
are used to approximate the ideal, undistorteadistorted videpe, s) can be given as

values (“undistorter” step). Finally, the opti-

mization can be the same as it was during e jve <ue 262 So& o0& <o& S?H £ (15)
forward calculation.

KONFERENCIA — A-0003

where s e <& 22 represents the coor-
In practical implementation the endoscopenates within the perspective camera spacewl
with oblique lens axis should be also calibraind =45 ;& <& s? IS the position in the
ed (Figure 1)Best approach is to use readyracker's space. The matrix elements with m
made, special calibration modules (clampspnzero last column values according to per- &
These contain the calibration grid and aspective projection:
able to hold endoscopes in a [fredé posi-
tion.

MECHANIKAI

iGas Gar Gau Gay
iBas Bar Gau Bag

€9%L%Q;és Biat Buau Gué&: (16)
16 as Biat Bau Ba®

4. MAGYA

- I & & The perspective division should be present in
nooscope . . .
Avia eyl calculation of real image coordinates:

Grid Sample

;0 .0 0 s .
%o o 9 S7L ¥ a2 P2 <24 5?7 (17)

¥ Endoscape
\ These equations can be rearranged if :

Endoscapz

View .0 ko absalig abaf<g £6u sk SO
U 66 4B o £614E<o &aEQaSL s (18)
.0 K 9 #6548 9 a6 af<g &b sk SO
'“/‘ilg&ﬁsaEigzelaBgiﬁjaEﬁvatL s (19)
from
Figure 1Endoscope camera calibration
Vel tosB sEiosBaE B aEBAF (20)

F K o £6 4F S0 €6 4 F 1 9o #6140
Registration tasks

Two registration problems should be Solve@; L ;o 6 :E: £6.4E < 6, 4E 64 F (22)
(1) registration between the spaces of MOtON F K 56 5 F 1o €6 4.F 1< 56, 59

tracking device and diagnostic volume (CT,

MR image sequence); (2) registration of viddns can be written into matrix equation
image to 3D space of motion tracking devie@th 11 unknownsm HLz" 6,4,L § ;

Next the procedure for video image registra-

tion is described.
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joas T F: L/iisgas j9as T F: "&1)&3935 <9as T F:ijé5<gé5 Syt
T 7 oas Fihsoas T ioas Fidsoas I <oas Fimsoas [ § S
Toar I Fifhtoar oar [ Fidhjoar Sar I Fidhoar S K T
: I ioar Fihioar ©  ioar Fiheoar [ <oat Foacoar I E: s
feau I F! Saoau seau T Fithioau Sau I Fifhfoau S a
MLi T fosu Fihioau T ioau Fidioau ' <oau Fioafoau I R S (22)
Tgay I Fifivoav ioav I Fifvoav <oav I Fidhfoay s R T
; ' eav Fihvoav ©'  isav Fishvoav [ <oav Fidfoay T E: S
foaw T Fidhioaw ioaw T Fifaisaw Saw T Fidhdosw S g T
ir oaw Fishwoaw T ioaw Fiogwwaw [ <oaw Figwoaw I R S
Tloax T Fifagoax joax ' Fifhwoax Sax I Fifagoax SO T

{Bag, |Zah

TQ ag oA video motion tracking XML editor

165 4K E: é}m@ [ camera } [ device ] { ]

1648 Load

i3 Lo I
zZL %Qavk: L E?n}éugl (23) time fusion of video graphtcal

TGu ag ;3 %Jf\\“: and motion data planning

Bua o

Tuag R

19 sl

16, a8l 7PN - -
The solution vectdx) can be calculated (for

. . . . . . video and motion data visualization,

quadratic matrix in (22)) by simple matrix in- [ archiving o network transfer ]
version (originally DLT methégl for X-Ray

processing s€g Unfortunately, this doesn't Figure 2Simpliped system architecture
work in practice (especially in video image
registration) because of marker localizatiaiready available or developed by own resour-
errors. Statistical approach (with SVD algoes, are: (1) video digitalization with DT3131
rithm1?) was found much more promisifg frame-grabber board (Data Translation
which is applicable for over-determined equibnc., USA) (http://www.datatranslation.com/
tions of more than 6 markers (acceptable acaducts/imaging/pci/); (2) integrating
curacy is possible with 7-8 markers). MarkéPU (graphical processing unighttp:/
localization is possible by detecting the tipwfvw.nvidia.comwith GLSL programming
the probe of tracking device in “frame-free¢;Open GL Shading Languagehttp://
ing” mode. In case of endoscopes, the “umww.opengl.org/documentation/jlsl/
distorter” step (see Video calibration sectiq8) use of modern 6 DOF mouse in surgical
provides for linearized camera position whighanning  (http://www.3Dconnexion.com);
is suitable for 3D registration. (4) software control of optical motion
tracking for different Northern Digital
cameras (Polaris Standard and Vicra,
Results http://www.ndigital.com); (5) use of XML
(Extensible Markup Languagehttp://
For this kind of complex project, establishingyvw.w3.org/XML/) compressedpbles for
application concepts and suitable architesrchiving, editing and transmitting inform-
ture of system elements (hardware, softwaatipn on surgical plan, registration and
appear as major tasks. The results at this ticagnera distortion parameters, tool calibration,
are technical and highly depend on resouraiagnostic data, etc. XMiles guarantee the
available for development. Important elemerd@asy communication through internet and are
of clinical applicatidhwhich have been madeimportant parts of telemedicine applications.
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Valuable survey has been given about human
motion tracking systefnsThe clasbication
distinguishes vision based (without using mo-
tion tracking device) and non-vision based "Z"
(with motion tracking device) applications. Q
The fusion of video and tracking data, as pro- =
posed in this article, usually is available in ex- X
pensive, commercial systems (Elite Biomech,<ZE
Vicon) but without clear information on tech-
nology behind. The need for subsequent, re-
peated analysis or network transfer of motion CE)
data certainly demands fused, compressedm
Figure 3Use of modern GPU in modeling  representation of results with video sequencecx
diagnostic data. The calculation of arbitrarily and kinematical models. This paper outlines >
oriented cutting planes from a skull CT also the involvement of preoperative diagnos-<

ERENCIA — A-0003

ac
O
L

and comparison to surface graphics tic images in motion analysis and an effectiveEI
occurs in real-time according to actual state control of the complex environment through <
of the 6 DOF mouse XML ble representation.

Figure 2represents the core elements of the

system which is under investigatiigure 3 Conclusions

illustrates the practical advantage of GPU pro-

gramming with GLSL language. Overview and mathematical description of
most critical parts of fusing video and motion
data have been given. The results can be used

Discussion in two areas: (1) for training and reliability im-
provement of endoscopic surgeries of high risk

This article gives an introduction to a negike in ENT); (2) in kinematical modeling of

project which can be considered as the authbisnan movement by representing video im-

personal initiative based on earlier experienage and graphical models in a common refer-

Hopefully, in the future, it can gain more instience space.

tutional support especially for software devel-

opment. In this case there is a chance to mbveEndoscopic Paranasal Sinus surdéries

faster with new applications of real clinicahd otherbelds of endoscopic intervention

value and usability. Procedure, similar to thiee real fusion (in time and 3D space) of video

presented one in this paper, for tracking teequence and tools’ position makes archiving

location of endoscopic image relative to @F transmitting information on actual state of

volume is described®but without time-syn- surgery possible. This can be used for evaluat-

chronized archiving of video and motion datang problematic results or educating risky in-

Interesting new approach is already knownt&rventions.

integrate endoscopic video with CT diagnostic

datd® without motion sensor attached to erin biomechanical research, the proposed ap-

doscope. However, this direct (based on img@geach solves the critical problem of human

feature detection) approach is not suitable footion analysis if soft tissue markers can’t

clinical use yet. be used for bone axiddition or diagnostic
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images (X-Ray, CT or MR) are not availabieideo-based representation of bone axis can
However, if valid registration between bodhye projected back and compared to the static
parts and diagnostic images is available, thagnostic volume during motion.
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Abstract
BackgroundThere is a paucity in basic data concerning neck posture in childhood. Our aim was
to gain preliminary data on the head/neck/shoulder posture, and to document their evol@on
with growth in schoolchildren. m

04
Methods: For measuring postudigital photograplgere taken of the children seated in a §
straight-high-backed chair. The camera (Agfa 5Ti, 5.2 megapixels) was located perpendic%arl)
to each subject’s height, positioned from the left side, the focus was on the tragus with a stgjda
distance of 150 cm. Thist photo was taken in the “neutral head posture” and a second phéto
in “resting” posture). The digital photos were then evaluated by a computer software program
(distributed as Marker Angels). The angles analyzed were as follows: the craniovertebral angl
(CVA), the head tilt angle (HTA), the shoulder angle (SElAjectsvere hundred and forty-
seven 9-year old, and hundred and fourtythree 16-year old schoolchildren, who were attendin
public school in different districts of Budapest.

Resultsin the 16-year old’s group the CVA values have been found redirsaohigby an

average of 8 degrees in neutral position and 6 degrees in resting position) compared to the 9 ye
olds. The HTA elevated by an average of 1.6 degrees (NS) in neutral position and reduced sic
nibcantly (by 4.2 degrees) in resting position. The values of the SHA elevaizutlsigoy an

average of 13.33 degrees in neutral position and 13.32 degrees in resting) between the 9-16 \
olds, which referred to more protracted shoulder posture.

DiscussionThe CVA characterizes the neck posture, the less it's value, the more the forward
position. The neck posture is in strong correlation to the head and the shoulder positions. That
means forward bent neck position is in correlation to the so called “rounded” shoulder or the
shoulder protraction. Although the position of the was found not consequent in neutral position,
however was in correlation in resting position.

Conclusion:Measuring head/neck/shoulder posture by means of digital photos and evaulated
by computer program proved easy, useful method. We obtained preliminary descriptive data o
neck posture in degrees of two age groups of schoolchildren. The comparison of the result
proved the tendency of progression in “poor posture” during 7 schoolyears, between in the
ageof 9-16.

Keywordsneck posture; schoolchildren’s posture; method for measurement
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Introduction children who attended a public school, from
different districts of the City Budapest. In-
Our investigation on neck posture has betarmed consent was obtained from each
indicated by the observation that in everghild as well as their parents, and approval was
day life more and more schoolchildren lo@tso obtained from the institution’s ethics
like they have their head held forward armbmmittee.
neck postural abnormalities have been found
in asso ciation with chronic neck pain [igital photos were taken seated in a straight-
adult$-816 There is a paucity in the literaturénigh-backed chair, with the children touching
concerning neck posture measurement in ctitteir scapulae to the back of the chair, thus the
dren, we have found studies on schoolcheiffect of the thoracic spine could be excluded.
dren’s posture in stand¥fg?12but only one The following anatomical landmarks were
in sitting® To evaluate the “physiologicaldentibed by small colored adhesive markers:
posture®, the term “natural head position” wdke tragus of the ear, C7 spinous process, and
suggested in cephalometry, measured by xiteybase of the nose. The subject’s position was
picture€>13 Fiebert determinated “neutral at right angles, with left side facing the camera
head posture”, which differed from the “restAgfa 5Ti, 5.2 megapixels), the focus was on
ing head posture”, Heied by Huntet. In  the tragus with a standard distance of 150 cm
most studies posture has been measured by(Eigure 1)The brst photo was taken in the
distance from the vertical line, Braun antheutral head position(Figure 2. a)which
Amundson established measuring angles rogant that the head is centered over the mid-
means of photobrst the craniovertebral angldine of the body when viewed from either the
(CVA)L, than Braun measured the shouldentero-postero or lateral plane, or with a slight
position by the shoulder angle (SHASgeto (5°) forward leah The second photo was
evaluated the head posture by videorecorditadien in a relaxed, “resting” postdfeshown
and déned it by the head tilt angle (Ht2) onFigure 2. brhe digital photos were evalu-
Measuring posture by means of making phated by a computer software program (distrib-
tos on surface was doupted by Jokhdnrt uted as Marker Angels), which enabled the use
later has been validated by two stifdies of standard protocols for digitizing the angles
and digital camera was used in the largésim the photographs. The angles analyzed
investigation with childréh were as follows: CVA= between the line con-

Our aim was to gain preliminary data on t
head/neck/shoulder posture amongst schg
children, the study was designated to det
mine their neck posture in sitting by meas
ing the angles mentioned and comparing t
two group’s data to evaluate the change in
children’s posture by aging.

Methods

Subjects were hundred and fortyseven 9-

old, hundred and thirtyeigth 12 year old andigure 1Taking digital photo for measuring neck
hundred and fourtythree 16-year old school- posture
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Figure 2. Aleutral head position
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Figure 2. Resting head position

necting the tragus and C7 spinous process &a$ults

the x-axis, the HTA= between the line con-

necting the tragus and the base of the nose @hd data concerning neck posture angles are
the y-axis, shoulder angle (SHA)= betweeshown orTable 1.

the line connecting the acromion and C7 spi-

nous process and the x-éixigure 3)

The comparison of the data amongst the
groups demonstrated that in the 16-year olds

Statistical analysis was made by Student t-te$tA values have been found reducedssigni

and Spearmen correlation test.

AY

ETA
ad tilt angle)

CVA

(eraniovertebral angle)

SHA "
(shoulder angle)
X
I

L

™

Figure 3Angles characterising neck posture

cantly, by an average of 8 degrees (p=0.0028)
and 6 degrees (p=0.0016) in resting position
compared to the 9 year olds. That meant, neck
posture changed into more forward position.
The values of the SHA elevated bicgntly
(p<0.0001), by an average of 13.33 degrees in
neutral position and 13.32 degrees in resting
between the 9-16 year olds, which referred to
more protracted shoulder posture. The HTA
was found elevated not sigmaint (p=0.9145)

by an average of 1.6 degrees in neutral position
and became reduced sigaintly (0.0022), by

4.2 degrees in resting position. That meant,
neck posture changed into forwkexred posi-

tion, but the head’s position was not conse-
quent.

Correlations amongst angles are shown on
Table 2The CVA values measured in neutral
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ANGLES AGE 9 n=147| MINIMUM MAXIMUM MEAN SD
AGE 16 n=143 (degree) (degree) (degree)

AGE 9 40.00 84.00 60.30 1,88
CVA neutral

AGE 16 41.00 63.00 52.35 1.35

AGE 9 34.00 72.00 52.98 1,87
CVA ,resting”

AGE 16 31.00 60.00 48.47 1.53

AGE 9 42.00 87.00 68.26 1,27
HTA neutral

AGE 16 55.00 80.00 69.56 1.88

AGE 9 54.00 93.00 73.74 1,72
HTA ,resting”

AGE 16 57.00 83.00 69.88 1.98

AGE 9 91.00 123.00 106.41 2,74
SHA neutral

AGE 16 90.00 149.00 119.74 2.74

AGE 9 91.00 124.00 107.32 2,47
SHA ,resting”

AGE 16 95.00 153.00 120.64 2.54

Table 1CVA, HTA and SHA values (in degrees)

n=147+143 CVA Discussion

neutral
HTA | Correlation Our results on posture correlate with the rele-

neutral | coepcient | “278() | vant literature with childréf-912 and also

the data published with ad&#s® The CVA

Sig. (2-tailed} 0,018  values of age-matched children previously

published were slightly loRebut the differ-

-415(%) ence is due to that they were measured in

standing. The CVA angle mean value has been

Sig. (2-tailed| 0,018/  found 51,97° in adulswhich roughly equal

to our mean data with the 16 year olds. The

722(*%) SHA values measured by us correlated to the

data published in adutsThe HTA charac-

Sig. (2-tailed| 0,000/ terizes the head position to the neck, the posi-

tion of C 0/1 joint. The less its degree is, the

more extended the head should be. HTA was

found (by video recording in adults'&That

was lower than our mean data with children.
Table 2Correlations amongst neck angles The HTA neutral mean value of the 16 year

(by Spearman test) olds became slightly higher, but not kigni
cantly, compared to the 9 year olds. This is in

and resting position were in strong correlatiacontradiction to the observations with adults,

The CVA neutral values were in negative care. the lesser CVA is associated to lesser HTA,

relation to HTA and SHA neutral values.  which means the head posture changes to an
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extended position. Our different results witler posture” with aging. That correlates to the
children could be explained byRbgibility of results published by Lafond, who has also
the cranio-cervical segment in young age,found statistically sigrdant associations with
that might be due to individual head postumgge for ,forward head translation” and ,forward
stereotype. In resting position the HTA was shoulder translatio®? which are similar the
negative correlation to the CVA, as expectedtities to ,forward head/neck position”.
That means with forward bent neck an
extended head posture is needed.
Conclusions
The angles measured in neutral and in resting
posture were characteristic to what can be skleasuring head/neck/shoulder posture by
in real life. The higher degree of SHA referredeans of digital photos and the evaulation by m
to the clinical symptom, which should beomputer program proved easy, useful method.c
called “rounded shoulder”. That method should be used for further stud- >
ies. Descriptive data have been obtained ong
The comparison of the data found in the twweck posture in groups of 9 and 16 years old§_
age groups (9-16), during 7 years, spentsetoolchildren, and we have found aksigni ¥
school, might demonstrate a tendency to “pamnt tendency to poorer posture with aging.
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Abstract

Introduction: The therapeutic modalities available for the conservative management of chronic
lumbar pain included infrared laser therapy and underwater traction, which usefulness is not
universally acknowledged. This study was intended to ascertaintzsigltempact of infrared

laser therapy and weightbath treatment on the clinical aprameters and quality of life of patients
with lumbar discopathy.

Material and methods: The study population comprised 54 randomised subjects. I. group of
18 patents received only infrared laser therapy to lumbar region and painful Valley points.
1. Group of 18 subjects each received underwater traction therapy of lumbar spine with add-or
McKenzie exercise and iontophoresis. The remaining lll. Group treated with exercise and ionto-
phoresis, served as control.

VAS, Oswestry index, SF36 scores, range of motion, neuteholyicel and thermography
were monitored to appraise therapeuticaal/ in lumbar discopathy. A CT or MRI scan was
done at baseline and after 3 months follow-up.

Result: infrared laser therapy and underwater traction for discopathy achiegadt sigpio-
vement of all study parameters, which was evident 3 months later. Among the cohtrols, signi
cant improvement of only a single parameter was seen in patients with lumbar discopathy.

Conclusions: infrared laser therapy and underwater traction treatment effectively mitigate pain
muscle spasms, enhance j@exibility, and improve the quality of life of patients with lumbar
discopathy.

Introduction during a lifetime; annual incidence is 5 per-
cent. In 90 per cent of cases, symptoms resolve
Low back pain and sciatica comprise the sewer 2 to 4 weeks, but recur within a year in
ond most frequent reason for seeking medizalper ceh€34The predominant underlying
advice. The chance for contracting lumboszauses of these symptoms are the protrusion
cral complaints is between 60 to 90 per centthe herniation of intervertebral discs. The

174




Biomechanica Hungarica lll. évfolyam, 1. s:

management options of lumbar and radiculeal forces and buoyancy effect) the traction
pain include conservative treatment, surgidatces exerted on individual spinal segments.
therapy, and invasive neurointervention prédditionally, Hungarian bioengineers have
cedures. When herniation causes paresietermined optimum loading, as well as the
through the compression of nerve roots load-bearing capacity and deformability of
results in myelopathic symptoms, fecal or uviarious spinal compartmeats
nary incontinence, or the cauda equina syn-
drome, prompt surgical intervention — i.&Veightbath hydrotherapy in warm water rela-
open or minimally invasive discectomy — x&s muscles and ligaments, whereas moderat
recommendédin absence of these symptomand sparing traction — aided by the protective L
various nucleoplasty techniques are peaffect of hydrostatical pressure — accomplishe%
formed; however, the long-term outcome odtraction of intervertebral disc protrusions m
these is still questionable and the strengthasfd herniations; relieves the tension of nerve
supporting evidence remains below Levelrbot canals; as well as mitigates axial and>-
The alternative is conservative managemengglicular pain. I
usually consisting of pharmacotherapy (in- E
cluding infusion therapy), physical therapyince years, we have been using soft laser the™®
and various forms of remedial gymn&sticsapy on cervical, thoracic, and lumbar segments
In Hungary and in Hungarian rheumatologyof the spine to relieve pain, to relax muscles
institutions, the range of conservative treatd to control Bammation. A number of
ment modalities also includes weightbath tradungarian academic researchers have con-
tion, along with soft laser therapy. tributed to the development of soft laser treat-
ments.
Notwithstanding its long tradition, recent
review articles evaluating non-immersiohhe term ‘biostimulation’ has been coined by
(motorized, auto-, or gravitational) tractiorof. Endre Mester 25 years ago to describe
therapy have disapproved the use of tkgedbc phenomena underlying the healing
modality for the management of spinal comrocesses observed during soft laser therapy.
plaints, in view of its potential hazafds The phenomenon of biostimulation is imple-
mented by reversible cell physiological pro-
Underwater traction hydrotherapy was inveresses, activated — among others — by the laser
ted by the Hungarian rheumatologist, Karolyeam. The effect of repetitive biostimulation is
Moll, who has been developing this treatmesumulative. As shown by the results of experi-
since thddfties of the last century into a theranents, laser stimulation elicits repair processes
peutic option widely used in many rheumatolr spedbc or multiple levels of deranged cel-
ogy and balneology centers in Hun§ary lular metabolism. Soft laser facilitates the res-
Among the latter, Hajdlszoboszlé spa resortasation of original — physiological — reparative
one of the institutions that have accumulatéagnctions. The initiation of such processes is
the widest experience with this treatmebetlieved to occur at the level of terminal oxida-
modality. In contrast to non-immersion tradion, in the mitochondria. Healing is not
tion, weightbath traction hydrotherapy imestricted to topical only processes — fus in
tepid to warm water affords improving thenced by a variety of systemic factors. In addi-
patient’s condition without any risk. Previouson to biostimulation, soft laser therapy exerts
biophysical studies have measured (taking imtti-inBammatory action, it relieves muscle
account the patient’s body weight, hydrostatpasm, and it has a direct analgesic effect.
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Patients & methods subsequent sessions, triple suspension (cervi-
cal plus armpit support) was used wif® &y
We have conducted a pilot study with followveight abxed to the waist belt. The duration
up on rheumatology outpatients. Weightbattf the initial session was 15 minutes — this was
traction hydrotherapy was performed at tlextended to 20 minutes for subsequent ses-
Hajdlszoboszl6 spa resort, whereas the ceions. The temperature of the water bath was
trol and laser therapy groups were treated3dt °C. Laser treatment for 15 days was per-
the Borsod County University Teaching Hogsermed using a 600 mW KLS equipment
pital in Miskolc. The study protocol was agFajro), delivering 30 J infrared illumination
proved by the regional ethics board. to the lumbar region (with a laser shower head
containing 6 laser diodes) and 2 J/point to
Patients over 18 years of age, with lumbar ppa&inful Valleix’s points (with a single-point
radiating to the lower extremities — demotaser head).
strated by MRI to result from lumbar discopa-
thy — were enrolled into the study. Patienthe neurological status of patients was
with any acute condition considered an indthecked daily, as well as their complete medi-
cation for surgery, those with spondylolistheal and neurological status was recorded before
sis, oseteoporosis causing vertebral compaest after each treatment session. Additionally,
sion, spondylitis, malignancies or other sevére subjects completed the SF-36 question-
systemic disorders were not included. Patientsre and the Oswestry disability index before
who had undergone previous surgery of tireatment. VAS scoré®)gerfoor distance,
spine were not enrolled either. the range of laterexion (shifting of the
patient’s hand placed on the thigh in centime-
Eligible patients were randomized into threers) were recorded. The physicians’ rating of
groups of 18 subjects each: the condition of their patients, as well as the
1. Standard control group: patients in th&ibjective opinion of the latter on their own
group were treated with McKenzie remedialell-being was obtained through interviews.
gymnastics (20-minute sessions) and ionfo-the standard control and in the weightbath
phoresis for 3 weeks. hydrotherapy groups, these parameters were
2. Weightbath traction hydrotherapy group: recorded again 3 months after treatment and
addition to the remedial gymnastics andllow-up MRI was performed. In the laser
iontophoresis described above, these patigmtsip, thermographic images were recorded at
underwent underwater traction on 15 occhaseline as well as after treatment.
sions.
3. Soft laser group: these patients were treat-
ed exclusively with infrared laser illumiStatistical analysis
nation of the lumbar region and Valleix’s
points. The normality of study parameters was
checked with the one-tailed Kolmogorov—
Paracetamol was allowed for use as a ressmdrnoff test. The Mann—Whitney or the
analgesic in all three groups. Pngt session t-test was used for the comparison of base-
of weightbath traction hydrotherapy wadme values. Changes were analyzed with the
implemented with single (cervical) suspepaired Student’s t-test or Wilcoxon’s signed
sion, without extra weights, whereas durimgnk test.
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Results (Table 1)All parameters improved skepantly
after weightbath therapy, the improvement
In the control group the bdwéal effect was proved lasting after 3 months and increased
signbcant on just a single paramefof- further in the case of two paramégfeable 2)

Pnger distance), and sigeant improve- All clinical parameters improved after infra-

ment of only two parameters (Oswestry indeed laser therapy, 9 parameters Eignily
and SF-VT) was ascertained 3 months lat@rable 3).

p-value
Parameter At baselingAfter treatmentAfter 3-month After After After
(mean+SD) | (meantSD) | follow-up treatment 3-month 3-month
(mean+SD) | s, baseline| follow-up | follow-up vs.
vs. baseline| post-treatmerijt
VAS 5.28+1.87 | 572+1.87  5.39+2.2D NS NS NS
Floor-bnger 42.22+14.07] 37.06+14.39 39.39+16/20 0.02 NS Ng
distance
LateralBexion | 15 17,484 | 16784367 15.78+4.26 NS NS NS
LEFT
LateralBexion | 10 52,434 | 17115409  17.22+4.00 NS NS NS
RIGHT
Oswestry Index | 67.11#12.60 66.67+17.78 72.33+13.83 NS 0.022 0j041
SF-PF. physical | o 6111803 51.67420.93 53.33+21/83 NS NS NS
functioning
SF-RP: role
limitations — 27.50+34.22 20.83+32.37 31.94+35[15 NS NS NS
physical
SF-RE: role
limitations — 31.33+36.96 25.83+38.1 27.72+41|61 NS NS NS
emotional
SF-VT:vitality | 32.11+20.97 37.50+26.58 41.39+25.19 NS 0.008 NG
SF-MH:mental | o) 55131 08 46.67431.01  53.00£30,39 NS NS NS
health
SF-SF:social | g 76435 13 48.39:326  56.33+3025 NS NS NS
functioning
SF-BP: bodily pajn  40.28+18.19  40.94+14.71  48.11+16.50 NG NG N
SF-GH.general | o) oo 1047 31.78517.91  35.44421/32 NS NS NS
medical health

Table 1Control group with lumbar discopathy
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p-value
Parameter At baseline | After treatmentAfter 3-month After After After
(meantSD) | (mean+SD) | follow-up treatment 3-month 3-month
(meantSD) | vs, baseline| follow-up | follow-up vs.
vs. baseline| post-treatmerjt
VAS 7.94+1.47 3.06+2.67 2.41+2.4B 0.000 0.000 NS
Floor-bnger 32.50£16.40 14.06:12.8 11.29+12]46 0.00 0.000 NS
distance
t?ﬁflgex'o” 12224401 | 18.11#509  21.59+5.20 0.000 0.00p 0,005
LateralBexion | 15 941468 | 18.50+4.88  21.65+5.28 0.001 0.00p 0,017
RIGHT
Oswestry Index 52.17+24.91 79.33+16.12 81.59+15.55 0.0o1 0.001 NS
SF-PFophysical | 53 0640008 68.89:20.d7  68.24+27)27 0.00% 0.000 NS
functioning
SF-RP: role
limitations — 15.28+28.62| 44.44+43.35 58.82+42(34 0.011 0.003 NS
physical
SF-RE: role
limitations — 27.67+£39.94 62.83+44.12 64.59+43|28 0.007 0.007 NE
emotional
SF-VT: vitality 41.39+22.41 62.78+26.80 62.06+28.56 0.0q97 0.009 NS
ﬁ:;l\t/'hH: mental | 47 seroa.del 744412272  73.65+26|00 0.001 0.000 NS
SF-SFsocial | g1 5545749 734422310 74.88+24197 0.00% 0.024 NS
functioning
SF-BP: bodily pain  35.06+18.10 66.17+21.65 64.18+20.50 0.000 0.p00 NS
SF-GH:general |\, 06,51 23 55.00:23.43 57.35:2476 0.022 0.006 NS
medical health
Table 2Weightbath therapy for lumbar discopathy
Parameter At baseline After treatment p-value

(mean+SD) (mean+SD) After treatment vs. baseline
VAS 6,93+2,37 3,93+2,46 0,000
Floornger distance 32,93+£10,15 18,00+9,51, 0,000
LateralRexion LEFT 13,00+3,04 18,93+5,96 0,000
LateralRexion RIGHT 14,27+4,62 19,33+6,30 0,000
Oswestry Index 64,93+£16,01 80,13+£16,6) 0,002
SF-PF: physical functioning 45,00£26,11 60,33+24,16 0,008
SF-RP: role limitations — physical 16,67+34,7p 51,67+48/51 0,027
SF-RE: role limitations — emotional 22,22+41,00 42,22+46,3 NS
SF-VT: vitality 41,33+19,50 49,33+49,32 NS
SF-MH: mental health 47,73+£23,20 58,13+18,61 NS
SF-SF: social functioning 50,90+26,5( 70,83+24,85 0,008
SF-BP: bodily pain 36,00+17,33 55,33+23,78 0,015
SF-GH: general medical health 35,33+17,16 41,00+£21,88 NS

Table 3Laser therapy for lumbar discopathy
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Discussion Both treatment modalities were superior to

. . ) the therapy administered in the standard con-
As shown by a previous biophysical study pgg; group. Both the patients and their physi-
formed with a special ultrasound device fofng agreed that weightbath traction and lasers
underwater use, moderate loading (with 4 kge a0y improved the patients’ condition more S
Welght) acpom_phshed a0.9to 1.6 MM iNCreéasgidly and intensely. Compared to the con- R
of disc height in 75 per cent of patients. The,s patients in the laser therapy and weight- ¥
deformation of the disc peaked after approyeih hydrotherapy groups used much less resZ
20 minutes. In view of the foregoing, it {§,e medication, which did not cause any gas-T
expedient to implement loading with smallgfic complaints or ulcer symptoms in these

weight, but over a prolonged pettdd subjects. In the standard control group by con-%

Underwater traction affords both symptomafi@st: paracetamol-induced gastric complaints m
relief and causal therapy simultaneously; it}¢ré observed in two patients. The favorable®

particularly suitable for the alleviation of axigHtcome of therapy persisted longer in the >

O
pain. The retraction of protruding interverte/€ightbath hydrotherapy group — the Bigni &

bral discs slightly eases the pressure on n&REIY improved subjective and objective statusi
roots and accordingly, radicular pain is relieV¥@S maintained even 3 months after treatment.
along with local vertebral pain, as well as with the majority of cases, the follow-up MRI

muscle spasm, and the pressure in spinal cSfipeated 3 months after treatment did not
partments. depict any substantial difference compared

to baseline — the reduction of disc protrusion/
Laser therapy alleviates muscle spasmhérniation was seen in a few cases only.
exerts a direct analgesic action as wellAasording to the literature, an increase in the
anti-inBammatory and neuroregenerativdistance between individual vertebrae was
effects314.1516.17These properties we foundrerbed using a special, underwater US equip-
useful in reducing both vertebral and radicularent and furthermore, MRI performed imme-
pain. There have been a number of mechdiately after treatment depicted reduced disc
nisms investigated in attempts to determipeotrusion/herniation. However, this radio-
how disc herniations heal. Histological invekgically evident improvement was no longer
tigations have shown the presence of graewident 3 months later.
lation tissue with abundant vascularization
surrounding thébrocartilaginous fragments.n the laser group, improvement and the
Within the granulation tissue, the prevailingelief of pain was demed by thermography,
cell types are macrophages witihoblasts which showed attenuation in higher tempera-
endothelial cells. These cell types have béem ranges in the paralumbar segment and in
demonstrated to be positively affected by lasgions corresponding to nerve roots.
therapy. The stimulation of marophages and
Pbroblasts could be the primary mechanismBgth weightbath traction hydrotherapy and
which laser therapy heals disc hernidfionslaser therapy accomplished a statistically sig-
InBammatory markers such as IL-1, IL-6 amibcant reduction of lumbar and radicular
TNF are also present at the site of disc hernpain, as well as mitigated paresthesia. The
tions, laeding to higher prostaglandin E2 corange of motion of the lumbar segment
centrations. Two studies have demonstratedreased simultaneously. SF-36 scores and
that laser therapy effective in reducing pros@swestry indexes both improved. The relief of
glandin E2 concentratidfg? symptoms was associated with improved qual-
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Thermographic pictures (4 patients)
Before treatment After treatment

35101

Patient No. 1.

35713

27983

Patient No. 2.

Patient No. 3.

F .
2500

Patient No. 4.
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ity of life and enabled the patients to resurmav-cost, and non-invasive treatment modali-
their everyday activities, as well as redudied devoid of any relevant hazard. Consider-
their absenteeism from work. ing that both relieve pain and increase articu-

lar range of motion, we recommended inte-

grating these treatments into the algorithm of Q
Conclusion conservative management. Additionally, we —

suggest conducting additional studies to con-
Both soft laser illumination and underwatdprm the beriecial effect of these treatments —
traction hydrotherapy exert their W@ with special emphasis on the combined use
action promptly. These are easy to implemeot,underwater traction and soft laser therapy.

NFERENCIA — A-0002
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Abstract

BIOMECHANIKAI KONGRESSZUS — A-0047

Objective:Multilevel laminectomy for exposing the spinal canal to remove spinal cord lesighs
has been widely used in spine surgery. Destruction of the dorsal structures of the spinal cotumr
detachment of the longitudinal musculature, resection of the vertebral arches, and injury &£ the
joint capsules and ligaments are responsible most of short and late-time complications. %ine
deformities, instability, subluxation, invasion of haematoma and scar tissue into the spinal Tana
are the most often mentioned complications in the literature. The author main objective was to
develop and summarize the novel minimally invasive techniques suitable for exploring and treat-
ing different pathologies, located in the midline of the spinal canal with preservation of the stabil-
ity of the spine.

Methods 38 patients were operated on with intramedullary laesions located from Clll to LI level
of the spine with the newly developed multilevel spinous process splitting and distracting lami-
notomy technique. The dorsal, paraspinal musculature was not detached from the vertebras
With splitting and distracting the spinous processes and the vertebral arches, the vertebral joint
the joint capsules and the ligaments were not injured, these structures remained mostly intact. T
achieve a moderate enlargement and decompression of the spinal canal, complementary interve
tebral spacer insertion was performed in some cases. The patients were followed with regule
MRI, CT scans and neurological examinations.

ResultsAdequate surgery of the lesions located intramedullary was achieved in all patients using
our new procedures. Moderate enlargement and permanent decompression of the spinal can
was achieved with the insertion of homologues tricortical iliac crest bone graft or heterologous
PEEK spacer. The numbers of split laminae were 3 to 6. The split spinous processes were clos
directly to each other in 24 patients. In 9 cases a tricortical bone graft and in 5 cases a heterolog
PEEK spacer was inserted between the facing bony parts.

The incidence of postoperative local pain was lower, within acceptable limits, and early mobiliza-
tion was allowed. The average length of hospital stay was shorter too. The postoperative follow
up CT scans demonstrated bony healing, with the inserted graft or cage between the osteot
mized faces. No compression or dislocation of the spacer was seen. Instability was not detected
any of the patients Bgxion or extension lateral radiographs.
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Conclusion:The split laminotomy surgical procedure with or without complementary auto- or
heterologous grafting methodbfld the requirements of other laminotomy techniques. This
technique is suitable for removing intramedullary tumors, and the posterior stabilizing structures
of the spine, as the vertebral laminae and the longitudinal musculature are completely preserve
nearly anatomical situation can be maintained. Leaving the longitudinal paraspinal musculature
innervations intact, and with the preservation of the bone-muscle attachments and ligaments, th
dynamic stability of the spine remains unchanged. Retaining the bony structures (vertebral arche
and the vertebral joints the static stability of the spinal column remain intact, the chance of devel
oping the long-term spinal deformation is minimal. The grafts, inserted between the osteotomizec
faces, provided permanent decompression of the spinal canal, and bony healing — throughout tt
graft or spacer — of the split vertebral laminae. With the use of the PEEK spacer the short and lor
time complications of the autologous bone graft harvesting procedure can be avoided.

This newly developed surgical procedure and itéecatidhs can be used at any age of the
patients, any level of the spine, theoretically on unlimited number of spinous processes.

Keywordslaminotomy; splitting laminotomy; intramedullary tumor; intervertebral spacer

Introduction To preserve the dynamic and static stabilizing
structures of the spinal column new mini-
Multilevel laminectomy for exposing the spimally invasive ways to explore the spinal canal
nal canal to remove spinal cord lesions Hezsve been developed. To follow the principle
been widely used in spine surhémyany of of less invasiveness the split laminotomy tech-
short and late-time complications of this sumnique for surgery of multilevel lesions located
gical procedure have been reported. Spiimalthe spinal canal was introduc®dThis
deformities, instability, subluxation, invasiosurgical procedure is suitable for exploring
of haematoma and scar tissue into the spiaad removing different pathologies located in
canal are the most often mentioned complidhe spinal canal. It has been proven, that the
tions in the literatuPeé2% Several surgical pro-split laminotomy approach is suitable to
cedures have been reported to preserve the geove intramedullary tumors located in the
terior structures. Various kinds of laminoplastyidline.
techniques have been described with osteo-
plastic posterior spinal arch reconstruction, lintotal resection of an intramedullary tumor
tumor removal and in degenerative caseswas not possible due to thieltimtion to the
well"11 The conventional posterior surgicaurrounding spinal cord or re-growing of the
approaches invariably separate the musalalignant tumor is expectable, an enlarge-
attachments from the spinous processes ameint of the spinal canal is needed. To achieve
laminae. Damage to these muscles and bdhg permanent enlargement of the spinal canal
connections can lead to persistent axial pand decompression of the spinal cord, a bone
cervical malalignment and spinal instabflity graft or PEEK cage implantation was per-
Postlaminectomy kyphotic deformation is oriermed between the split laminas. The bone
of the most known long-term complications girafting procedure is a well developed and
the classic dorsal surgical procedures. Thelely used method in spine surgery. The tri-
operative treatment of this deformation is vergrtical iliac bone graft is most commonly
difpcult and less effective. used at ventral cervical discectomy or cervical
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corpectomy proceduté$ 12 To avoid the Clinical Materials and Methods

short and long-term bone harvesting area

complications, and to shorten the time of tAde authors used the multilevel spinous pro-
surgical procedure, the use of different int@ess splitting and distracting laminotomy tech-
body spacers is widely accepted at spinal sigue with or without complementary auto,-

gical procedures. With the cage implantatian allograft insertion in 38 adult patients with
all of the donor site complications, and thetramedullary lesions, located in various level X
possibility of late-time bone graft resorption of the spinal cord. The split spinous processesZ
compression is avoiddBi¥*1516The bony were closed directly to each other in 24 patlents'E
healing throughout the spacer is similar to ti@roup 1). In 9 cases a tricortical iliac crest L

Al KONGRESSZUS — A-0047

iliac crest bone graft proced(té Solid bone graft (Group Il/A) and in 5 cases a heter- %
fusion between the osteotomized parts canldgous Poly-Ether-Ether-Ketone (PEEK) inter- m
shown about 12 months after the implantaertebral spacer (Group II/B) was inserted EE
tion. between the facing bony péftble 1). >
Q
=
. . . Preoperative | Postoperative
Pﬁtgent Agge())(/r)/ Histology R?SIERCI;'O“ Ngniifnsapén Group functional functional <
assessment | assessment
1 44/M Astrocytoma Gr Il partial 3 II/A I I
2 59/M Ependymoma complete 4 | 1 |
3 47/F Ependymoma complete 4 | | |
4 55/F Astrocytoma Gr Il subtotal 5 | 1l 1
5 61/F Astrocytoma Gr Il partial 3 II/A | 1l
6 44/F Ependymoma partial 3 1I/A | |
7 52/M Astrocytoma Gr Il partial 5 /A I 1l
8 61/M Astrocytoma Gr | complete 6 | 1 1
9 46/M Ependymoma partial 3 /A | I
10 55/F Cavernoma complete 3 | I |
11 49/F Ependymoma complete 4 | | |
12 58/M Astrocytoma Gr Il subtotal 3 | Il 1}
13 38/M Astrocytoma Gr | complete 4 | | |
14 57/M Ependymoma partial 5 II/A Il Il
15 56/F DAVF closed 3] 1I/A 1l |
16 48/F Ependymoma complete 4 | | |
17 43/F Ependymoma complete 4 | | |
18 60/F Astrocytoma Gr Il partial 3 1I/A 1 1
19 55/M Cavernoma complete 5 | | |
20 47/F Cavernoma complete 3 | | |
21 52/M Ependymoma complete 3 | | |
22 59/M Astrocytoma Gr || complete 3 | 1 1
23 52/F Ependymoma complete 5 | | |
24 43/M Astrocytoma Gr Il partial 6 II/A 1 1
25 46/F AVM closed 3 11/B | |
26 57/M Ependymoma complete 4 | | |
27 54/M Haemangioblastomg complete 3 | 1 1
28 47/F Astrocytoma Gr Il complete 5 | Il I}
29 59/F Astrocytoma Gr Il partial 3 1I/B 1l 1l
30 56/M Ependymoma complete 3 | | |
31 47/F Ependymoma complete 4 | | |
32 41/M Astrocytoma Gr Il subtotal 5 | 1l 1]
33 50/F Astrocytoma Gr Il partial 4 11/B I 1]
34 57/M DAVF closed 3 11/B | |
35 52/M Astrocytoma Gr Il partial 5 11/B 1 1]
36 45/M Ependymoma complete 6 | | |
37 61/F Ependymoma complete 6 | | |
38 44/M Ependymoma complete 4 | | |

Table 1Characteristics of the patients
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There were 18 women and 20 men with drhe interspinous ligaments and muscles were
average age of 51.6 years (range 38-63 ydm®3cted longitudinally between the spinous
at the time of surgerflable 1)Functional processes without injuring the attachments of
assessment (McCormic) was performed ptke interspinous muscles. All muscle attach-
operatively and postoperatively every 6 monthents on the spinous processes and laminas,
at the time of the MRI follow-up visits. Tas well as the laminas themselves, were com-
corbrm the extension of resection and to cheaktely preserved. The innervations of the lon-
for recurrence or to follow the growing patitudional paravertebral musculature left
terns of the tumor, all patients underwent posempletely intact. The vertebral joints, and the
operative MRI evaluations at 3 and 6 montbapsules were also not injured. The ligamen-
postoperatively, thereafter every 6 monthstam Bavum was removed at the middle part
as needed by the patient’s condition. To chéokexpose the midline epidural space above
the bony changes, all patients had postopeaad below the intended levels. In some cases
tive CT imaging as well immediately after thavolving the upper and midthoracic region of
operation and repeatedly thereafter (at 2,tlée spine, it was necessary to remove the ceph-
and 12 months). alad small bony part of the angle of the verte-

bral arcuses in the midline as a result of the
The patients were positioned sitting or promblique location of the spinous processes. The
for cervical and prone for thoracic and thorspinous processes were split in the midline
columbar surgeries. A special midline posteith an oscillating saw or craniotome. The
rior approach was used. The skin, fascia, aminous processes and the laminae were sepa-
nuchal in the cervical region and the supraspated and distracted with Cloward-type retrac-
nous ligament in the midline were incisedors(Figure 1)It is important to accurateby

”
- L NS _— 5 Ol .

Figure llntraoperative photograph showing the step-by-step distraction of spinous processes
and laminas by Cloward-type retractors. The separated and distracted laminae open tlireloperating
and the dura becomes visible
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the end of the retractors to the inner cortexdafralRaps opened in a few cases, and covere
the vertebral arcus immediately above ttiee surface with heterologous dural patch and
dura in the epidural space and to open tkbrin glue.

retractor with gentle force to prevent the frac-

ture of the spinous process during distraction.case of the total resection of the intramedul-
Two retractors were applied for each laminkey tumor was not possible due to the lack
to aid step-by-step distraction of the bone asfdrecognizable cleavage (diffusdbtrative

to prevent its fracture. In the case of intramddmors) and thus intraspinal space occupation <Z(
ullary lesions, the dura was opened and tivas considered to be solved only temporarily, ;&
pathology was removed. If the lesion is visiblé&ony decompression was indicated to createw
on the dorsal surface of the cord, a longitudixtra intraspinal space. To avoid the laminae
nal posterior midline surgical approach wasturning to their original position — with the m
used with one exception. If the lesion was seém of moderate enlargement of the spinal D:
on the posterior surface of the cord, it weanal — a spacer was placed between the bon%
approached directly. If the lesion was entirglgrts facing each otl{Eigure 2 AndB). The
intraspinal, surgery was performed throughspace between the distracted laminabrgatas
midline exposure. Following removal of spaceasured then the appropriate sized tricortical <
occupying lesions, the dura was partialy clofléat crest bone graft was harvested and inserted
with or without the use of duraplasty. Thbetween the osteotomized parts of the spinous
narrow operativeeld and the limited lateral processes. To avoid the donor site complica-
view by the operating microscope make ttiens we slightly mdeéd the surgical proce-
duraplasty very #i€ult and time-consuming dure and in 5 cases haemostatic gelatin sponge
procedure. In our limited series we left theled PEEK cages were inserted. We used the

IKAI KONGR ESSZUS — A-0047

OMEC]

Figure 2Sagittal Tl-weighted magnetic resonance imaging scans showing an intramedullary tumor in
the thoracic region before (A) and 12 months after the surgery (B). On the postoperative MRI scan
the inserted spacers are also shown
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SOLIS Cervical Cage (Stryker Spine SAS, Histological results were as follows: 15 intra-
Marticot — 33610 Cestas France). This cagedullary astrocytomas (Grade | [pilocytic
has a D shape design, with 4° weddegcen astrocytoma], n:2; Grade Il, n:7; Grade Ill,
ration. It has serrations on the top and the bat6), 16 ependymomas, 3 cavernous hemangi-
tom face, and incorporates titanium spikes famas, 2 dural arteriovenous malformations,
pxation as well. The cage is available in twoe intramedullary arteriovenous malforma-
footprints, and a variety of heights rangingn, and one hemangioblastoma. The resec-
from 4 mm to 12 mm. We inserted the catjen of the intramedullary tumor was contin-
between the laminae as the plane side of tle®l only until that layer where the tumor
D shaped cage facing toward the spinal cocduld clearly be differentiated from the sur-
and the convex side of the cage facing outwaodinding spinal cord. The completeness of
The wedge shape of the cage preventing istomgical removal depended only on the cleav-
sliding out whiles the serrations on the top aade plane and not on the approach.

bottom side preventing it to sliding into the

spinal canal. The strong grasping power of tige yse of PEEK cages between the osteoto-
retracted laminate — returning to their originghjzed bony faces requires shorter operative
position —and the two pairs of titanium spikegne compared to the classic iliac crest bone
— located both sides of the cageed itrmly  grafting method. In our cases the mean dura-
in place. Precise insertion and continuo{gn of the complete surgical procedure was
control of the inner edge of the spacer undgrg minutes with the range of 91 to 145 min-
the insertion process was necessary to aygid The unnecessary preparation and isola-

penetration of the graft into the spinal cangfon of the bone graft harvesting area also spare
and to avoid compression of the spinal cordgpout 12 to 25 minutes.

The bony parts were sutured with Vycril (Ethfhe mean blood loss was only 110 ml (range

icon, Inc., Sommerville, NJ) by passing t -194), as extensive detachment of the mus-
sutures through the spacer (bone graft or cage R -
, and the second skin incision and iliac

and the holes of the halves created with as%%ne harvesting was avoided. None of the

burr. Finally, the fascia and the skin Werﬁ'\atients required blood transfusion. No dural

closed. . . :
tear occurred in our short series. Injury to ner-
vous structures was never observed. No wound
infections occurred.

Results

We performed the split laminotomy proceduﬂéhe patients were not braced due to the mini-
with or without spacer insertion at various le(p@lly disturbed anatomy.
els of the spine from the level of Clll to the
level of LI. The number of split laminae waBhe incidence of postoperative local pain was
3 to 6. (mean:4) The split spinous processawer, within acceptable limits. (VAS: 2 to 5)
were closed directly to each other in 24 casesthermore, the patients needed smaller
In 9 cases tricortical bone graft, while in 5 cadeses of analgesic medications, and early
PEEK cage insertion was performed. mobilization was allowed. In Group II/B lack
of the iliac bone harvesting procedure, no iliac
The average follow-up was 18.7 months, withest pain was detected. The average length of
a range from 7 to 19 months. hospital stay was 6 days (ranged 5 to 7).
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Results of the preoperative neurological fufi corPrm the extension of resection, all
tional assessment in the astrocytoma grqugttients underwent postoperative MRI evalua-
were as follow: Grade |, two of all patientspns. Neither the inserted homologous bone o
Grade I, twelve of all patients, and Grade Ifjraft, nor the PEEK cage with the incorpo- %
one of the patients. In nine of all patients (60%8ted titanium spikes disturbs the evaluation Q
the initial neurological state was unchanged the spinal cord on MRI images. Of the 15 —
after the surgery, while in six cases (40%) astrocytomas, four were removed completely,xX
detected the worsening of the neurologidhree were removed subtotally, and eight were<ZE
functions. The ependymoma group patiengartially removed. Of the 16 ependymomas, =
the initial neurological assessment was: Gralbl®2 were removed completely and 3 were par-d
[, fourteen of all patients, Grade II, two of allally removed, as dermed by postoperative
patients, and Grade Il none of the patient¥IRI scans at 2 months. Cavernous hemangio-m
After the surgery we detected improvementsads and hemangioblastomas were all com-&
the neurological function in one case (6.25%)etely removed, but the AVM-s were only >-
The neurological functions were unchanged alosed and decompressed. To check bony<.:
fourteen cases (87.5%), and worsening of ¢thanges, all patients had postoperative cT= :
symptoms have seen in one patient (6.25%)aging. Early postoperative CT scans and ¥
The other patients, operated on differe@D reconstructions showing the split halves of
lesions had good (Grade | or II) initial neurcthe spinous processes facing each other when
logical functions, and this mostly remained ap graft was inserted (Group(Figure 3 A
improved after the surgical proce(lliable 1). andB) or the distracted spinous processes and
The progression of the neurologicdcide the grafts in-between with the planned slight
are due to the malignant (diffuselftimtive) enlargement of the spinal canal (Group II/A
behavior of the tumor, not the way of the suand B)(Figure 4 AandB). Later partial bony

gical exploration. healing was seen, mostly in Group | and Group

ESSZUS — A-0047

B 2o

Figure 3Three- dlmensmnal reconstructed computer tomographic i |mages showing the directly closed
spinous processes just after the surgery (A) and bony healing 1 year later (B)
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[I/A patients. In Group Il (A and B) the perDiscussion

manent distraction of the laminar arches has

been followed on CT scdRigure 5 AndB).  The surgical approach for treatment of intra-
Neither graft dislocation nor compression wagedullary tumors has been laminotomy until
shown. Some partial fracture of the spinotlse last decades. With the aim of preventing
process was shown on postoperative CT sdaesfrequently reported postoperative compli-
in all groups, without clinical sioance. cations various types of surgical techniques
Instability was not detected in any of theave been developed. The main objective of
patients bydexion or extension lateral radiothese developments to preserve and recon-
graphs. struct the posterior spinal structures. The lit-

Figure 4The postoperative axial computed tomographic scans showing the distracted spinal processes,
and the position of the bone graft (A), and the PEEK cage (B)

Figure 5Three-dimensional reconstructed computer tomographic images showing the distracted spinous
processes and the positions of tricortical iliac crest bone grafts (A) and PEEK cages (B) after surgery
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erature emphasizes the important role of thwgy split bony parts of the spinous process in ay)
deep extensor muscles, the semispinalis, &y similar to the cervical anterior iliac bone ﬂ
the multbdus group, especially in the neclgrafting technique. The degree of enlargement o
The multibdus and the semispinalis cervicisf the spinal canal depends on the elasticity of%
muscles act as dynamic stabilizers of the cetivé arches, the force of distraction and the siz
cal spine together with the important stataf the inserted spacer. The press force betwee
stabilizer structures, including the intervertéhe closing laminae and the wedge shape and¥
bral discs, the vertebral arches, ligaments #imel serrated face of the cage with the titanium<ZE
intervertebral joint capsules. Once these mgpikes does not allow the spacer to penetratet
cles have been detached, it is impossiblanto the spinal canal or slipping out from the W
reconstruct the complicated anafotbyThe split laminae after its placement. The precise%
integrity of the nerves is also important becausgertion of the bone graft or PEEK cage m
if they are injured (branches riaad from the between the laminae is important, as spacer
dorsal ramus), preservation of the musclesnetration during the insertion process is a >
becomes meaninglEssThe spinous processvery rare, but possible complication. With this 9
splitting and distracting laminotomy techmodibcation of the split laminotomy process, E
nique fublls the requirements of other minio iliac crest bone graft needed, and all com-~
mal invasive laminotomy techniques anplications of the graft harvesting procedure
helps to preserve the attachments of the poatesided.
rior spinal musculature.

Lack of the most frequent short time postop-
With this method the operatied is restricted erative donor site complications, as local pain
compared to laminectomy, but according &md hematoma, early recovery and discharge of
the keyhole principle, it is still enough undehe patients were possible. The time of the sur-
the operating microscope for the surgery gifal procedure was skgantly shorter than
lesions located within the spinal canal, esgbe iliac bone grafting procedure. The blood
cially of intramedullary lesions in the midlindoss during the surgical procedure was also less,
Intraoperative idercation of the cleavagecompared to the classic iliac bone grafting pro-
plane makes removal of intramedullary tumoesdure. Fusion — through the bone grafts or
possible. If there is no recognizable planeREEK cages — of the split bony faces of the spi-
cases of Pitrative or malignant intramedul- nous process was seen in most cases during fol-
lary tumors (or if intraoperative appearané@wv up. There was no patient in whom osseous
suggests anfftrating tumor), tumor removal bridging was missing in all segments.
is not continued at any cost, as this could be
dangerous and unnecessary for the patienfThie bony hdmg between the osteotomy sites
partial tumor removal is performed, or gradwas in agreement witindings of the literature
ally growing residual tumor is expected, bomy connection with posterior arch reconstruc-
decompression of the spinal canal is indicatexhs of the cervical canal in spondylotic myelop-
to provide more space. The complementathy cases, and with reconstructions of the lami-
use of iliac bone graft provide moderatar roof for a posterior approach. Through our
enlargement of the spinal canal at the expese# follow-up period neither compression, nor
of the postoperative donor site complicatiomissplacement of the implanted spacers have
The surgical procedure was redi to been detected. Developing of specially shaped
achieve the enlargement of the spinal canaldages for better positioning and distraction of
placing heterologous spacer between the fhe-split laminae need further evaluation.
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It is more dibcult to perform a complete disexposuré8 Although the clinical and radio-
traction of the spinous process and the lamiogical results are very promising, the limited
in adults than in pediatric cases because thkow-up period precludes conclusions regard-
spinal arch is less elastic and more fragileing the long-term results of the procedure,
children, elasticity of the spinal arch is mudspecially with respect to kyphotic deformity.
more pronounced, which allows a wiekdd The bony protection of the spinal canal and
for manipulation relative to the diameter d@he function of the paraspinal muscles were
the spinal canal. In the elderly, elasticity riestored, and we observed better cosmetic
reduced, and fractures are more frequentrasults compared with the laminectomy tech-
patients with osteoporosis. It is easier to disgue. The minimally invasive splitting lami-
tract the relatively thinner and more elastimtomy technique allows the incision to be
arches in the cervical region than in the thlimited to the immediate region of exploration
racic or lumbar part of the spine. Traumatif the spinal canal because, with this method,
bony changes can rarely be observed in tiksue retraction is minimal and there is excel-
body of the vertebra, mainly in the midlindgnt access to the affected area. The preserva-
and fracture of the spinous process can dlsa of the spinous processes and the restora-
occur. This had no clinical sigoance and tion of the inter- and supraspinosus ligamen-
later showed complete healing. Spinous ptous complex maintains the normal posterior
cess distraction may separate the facet joimtsdian furrow, which is often lost with other,
but no morphological signs of the destructionore destructive techniques. Nevertheless,
or damage of the facet joints or its capsullis is a newly developed approach with rela-
were observed on CT or MRI scans during ttieely few cases for each spinal region, and the
follow-up period, the static stabilizing strudgechnique needs further evaluation concern-
tures of the spine does not injured. Theoretitg its limitations. Based on our limited expe-
cally, the compliance and elasticity of the spence, it seems to be safe on all spinal seg-
nal arches, facet joints, capsules, and ligamemsits (the cervical, thoracic, and lumbar spine)
together allow enough movement under tlvdth an acceptable complication rate. Further-
distraction process to prevent irreversible damore, it proved to be suitable for removing dif-
age to these structures. In the case of rafetgnt, mainly intramedullary spinal patholo-
observed overload distraction, these structigies located in the midline. Our novel, modi-
moved together, and traumatic bony chande=d, minimally invasive technique enables
occurred in the midline of the body of the vesurgeons to obtain aBcientbeld for explor-
tebra without clinical sigréance; they wereing different spinal pathologies that do or do
only seen on CT scan. not require spinal canal decompression with
preservation of the posterior structures of the
The rates of spinal deformities after intrasgpine and the attachments of the muscles.
nal surgery reported in the literature vary con-
siderably. The development of a spinal defor-
mity is a multifactorial process. In our seriggpnclusions
no newly developed instability, subluxation, or
kyphotic deformity was observed. Open landihe minimally invasive multilevel spinous pro-
nectomy produced much greater changesciss splitting and distracting laminotomy
extensionf3exion, and axial rotation than theapproach with or without auto- or allograft
split laminotomy from the intact. Latera(spacer) insertion is a safe and effective surgi-
bending was similarly unaffected for bottal management, suitable for removing intra-
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medullary tumors located in the midline of theae, the joint capsules, ligaments, and the lon-
spinal canal, and ensuring permanent decogitudinal musculature are completely prevented.
pression of the spinal cord when necessdgeservation of these structures helps to avoi
The posterior dynamic and static stabilizintpe short and long term complications of the
structures of the spine, as the vertebral lamidely used laminectomy.
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Abstract

The movement of pneumatic lacial muscle (PAM) is soft that similar to the human muscle
therefore it can be used as the actuator for rehabilitation devices and prostheses. In this pape
Fluid Muscle manufactured by Festo is tested, and some experimental results, rehabilitatior
devices and prostheses are shown. Our goal is to construct an intelligent prosthetic arm usir
PAMs.

Keywordspneumatic atticial muscle; test-bed; experimental results; therapy devices; prosthetic
arms

Introduction ments. Disadvantages are connected with the
accuracy of control and nonlinearities of pneu-
The pneumatic afcial muscle is a pneu-matic systerhg
matic actuator with a comprehensive history of
applications in the biomechanibeld. The Pneumatic muscle actuators consist of a rub-
most promising pneumatic actuator is ewuder bladder enclosed within a helical braid that
dently the McKibben pneumatic muscle actis clamped on both ends. As the bladder is
ator. The McKibben muscle was invented pressurized, its volume increases and the braid
the 1950’s by physician Joseph L. McKibberatal clamps act to shorten the overall length of
help the movement of polio patients and the actuator. The general behaviour of PAM
motorize pneumatic arm orthotics. Therwith regard to shape, contraction and tensile
exists several types obaitil muscles that areforce when iRated depends on the geometry
based on the use of rubber or some simitduithe inner elastic part and of the braid at rest
elastic materials, such as the McKibben masid on the materials ugg&dgure 1)Typical
cle, the Rubbertuator made by Bridgestomaterials used for the membrane construction
company, Air Muscle made by Shadow Rolawée latex and silicone rubber, while nylon is
company, Fluid Muscle made by Festo comermally used in thebres.
pany, Pleated PAM developed by Vrije Uni-
versity of Brussel, ROMAC (RObotic MuscRneumatic articial muscles show similarity
AcCtuator), Yarlott and Kukolj PAM and soméo biological muscles. The PAMs are one-way
others. There are a lot of advantages lef articting, we need two ones to generate bidirec-
cial muscles like the high strength, godbnal motion: one of them moves the load, the
power-weight ratio, low price, little mainteether one will act as a brake to stop the load at
nance needed, great compliance, compactnigsglesired position and the muscles have to
inherent safety and usage in rough envirothange function to move the load in the oppo-

208




Biomechanica Hungarica lll. évfolyam, 1. s:

Materials and Methods

Good description of our experimental results
can be found fn

tube membrane

&£ il K, licon rubber) The experimental set-(ipigure 3fonsists of
a slider mechanism. One side of the muscle isx
bxed to a load cell, while the other side is <ZE
attached to the movable frame. The load cell
(7923 type from MOM) is a 4 bridge element m
of strain gauges. It is mounted inline to the =
PAM on thebxed surface. The load cell mea- @
Figure 1Geometry parameters of PAM and its sures the force exerted by the PAM. The testsx
orthotropic material layers are performed by changing the displacement>
of this slider. The linear displacement of &
site direction. This spbciconnection of the the actuator is measured using a LINIMIK 2
muscles to the load is generally named asM®A 320 type linear incremental encoder with <
antagonistic set-&f° 0.01 mm resolution. During each test, frame
position, muscle force and applied gauge pres-
The Fluid Muscle DMSP-20-200N-RM-RMsure are recorded.
(with inner diameter of 20 mm and initial

fibres
{c. g nylon, ramid,
fiberglass)

Al KONFERENCIA — A-0044

pressurized air

pany is selected for our newest skigyre 2
shows different Fluid Muscles.

The layout of this paper is as follows. Secti
(Materials and Methods) is devoted to disp
our test-bed for investigation of pneuma
muscles. In section 3 (Results and Discussi
we present some experimental results, our new Figure 3Experimental setup for
approximation algorithm of force as a function investigations of PAMs

of pressure and length (contraction) and sev-

eral devices for rehabilitation and prosthesasthe test-bed twBuidic muscles can be
using PAMs. Finally, section 4 (Conclusiomaounted. Instead of second PAM a bias spring
and Future Work) gives the future work wer an external load can be attached @igxa

plan. ible steel cable, producing the necessary coun-
ter force to pull the actuator back when it is not
activated.

The air pressure applied to the actuators can
be regulated with two adjustable regulators
type Festo VPPM-6L-L-1-G1/8-0L6H-V1N-

S1C1. The proportional pressure regulators
(PPRs) are controlled by voltage inputs. The
Figure 2Fluid Muscles made by Festo main purpose of the PPR is to regulate the
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Figure 4Corpguration of pneumatic positioning system with ON/OFF valves

pressure entering the PAM. To measure the fairce always drops from its highest value at full
pressure, two Motorola MPX5999D pressunguscle length to zero at fulBation and posi-
sensors were plumbed into the pneumatic dien (Figure 5).

cuit. A National Instruments Multi-I/O card
(NI 6251) reads the signal of force,spres
sensors and incremental encodettha @ C.

DIE=-20-200K-RIC-RY Fhuid uscle

National Instruments LabVIEW is a typica
example for high level software, capable of ¢
necting various kinds of DAQ boards with a P
We used this program to monitor and colle
thedata imported through the DAQ card. It als
dispatches the control ptes for the PPRs.

Forcc [19]

T
s e T

-C.05 0 005 0 w15 g 025 03

For positioning, in the test-bed, two Fluidi ottin
Muscles can be controlled by tree-way and tWOIfigure 5lsobaric force-contraction diagram of
way solenoid valves (MATRIX HX 751.102 C Fluid Muscle

324 3/2 NC and PX 861.9E4C2KK fast switch-

ing typesjFigure 4).

-

Many researchers have investigated the behav-
iour of PAM and some of them have intro-
Results and discussion duced different mathematical models for this
actuator. However, we have noticed Bigni
Tensile force of aptial muscle under differ- cant differences between the theoretical and
ent constant pressures is a function of museiperimental results. Therefore, we have
length (contraction) and of air pressure. Theorked out a better approximation algorithm
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for the equation of force. Unthxed pressure the bladder and the shell, between the braidedQ
the contraction to force function can be apprakfeads and each other, and the shape changtu
imated by an exponential function: ing of the bladder. An experiment was made toﬁ

illustrate the hysteregisgure 7).

Z
F(N=a &b ¥ +d "Me (1) o
- DAEZ-20-Z000-RM-RM Fluid Muscle 2
To make ourequation lniversal meaning | e X
usable under various pressures we neeq .l - ey <Zt
make the algorithm vary from pressure: e 5
EI)L, \\v . ;\\\ L]J
F(p, V= (ap+b) €M) + (e p+1) "M NN 5
~ 1w \)Q:l*\ =
+gp+h e LN e &
5t \%\-» ‘\(1‘\& e o x
Ny T, Py <
The unknowra, b c, d, e, fagdh parameters 7 S, T T 6
were found using least squares method| -* : e es » I
=
Matlab. Figure 7. Hysteresis in the tension-length <
. ) ) (contraction) cycle
Comparison and consistdpiting of mea-
sured data and force model usimgation B 1o prove versatility afquation 2another
shown inFigure 6. comparison was done between the measured
data and force model. The accurttiag is
y DMSP-20-200N-RM-RM Fluid Muscle demonstrated Iﬁlgure 8.

S b mensured
—— 5 bartheoretial
—— 4 bar measured
—— 4 bartheoretil
b measued IVER-20-200 MBI Tt Musc e
—— 3 bartheorstia 2

—— 2 bar measured
—— 2 bartheoretil
—— 1 bar measured

—+— 1 bar theoretical A
=0 bar measured.
—— 0 bar theoretical .

P e

arce 1]

F

s \
5 g N
-0.05 0 00‘5\*“:1‘\\?%25 03 ) \ \\ \
Contraction \ < )Qg&i\
Figure 6. Comparison of measured data and oy \\QX

force model {5 ¢ 00 o = 2 0% %

Contraction

Numbers have investigated the precise posi- Figure 8Approximation of hysteresis loop

tion control of pneumatic muscles during the

past several years,2th682 Most of them Beside the traditional linear controllers several
dealt with the control of single or antagonistitodern control methods with adaptive con-
pneumatic muscles. The positioning of PAMsoller, fuzzy controller, neural network con-
requires accurate determination of the dynantioller, sliding-mode controller among others
model of pneumatic actuators. With the helpave been developed. On the basis of sliding-
our test-bed the hysteresis can be accuratebde control, the next probe was a positioning
predicted. Chou and Hannaford* ireport with high-speed ON/OFF solenoid valves.
hysteresis to be substantially due to Couloffibe time functions of the position and control
friction, which is caused by the contact betwesignal are shown Figure 9.
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and control signal (in LabVIEW environment)
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We repeated the previous experiment with
PLC type Allen-Bradley CompactLogix L23E.
Figure 1@ndFigure 1show the results.

Several therapy devices have been developed,
but the typical robotic systems tend to be
expensive and complex for clinical use and
impossible for home use. Even, generally,
these devices are built with electric motors and
the movements are far from natural. The
pneumatic aricial muscles are possible to be
the actuators for these devices because of its
soft motion and cheap and these devices can
be used by patients at their own homes. Thera-
peutic devices provide training of reaching and
feeding motion@-igure 12, 13).

20.2

20.1-
20.9
19.9¢
19.8-

Position [mm]

19.7+
19.6¢

19.5
19.

0 0.5 1 1.5 2 2.5 3 3p
Time [s]

Figure 10The time functions of the position

and pressure (with PLC)

Figure 11The time function of the position
(with PLC, enlarged)

Figure 12. Ment&¥ hand therapy device (18t
and RUPERT IV upper extremity therapeutic devicel®yight
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Figure 13Mluscle Sulg
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Different prosthetic arms actuated by PAMte. In this paper we have presented our test-

are shown ifFigure 14These were inspired bed. With the help of it several static and
by the human arm muscular system. dynamic investigations and control methods

can be carried out. Some experimental results

and rehabilitation devices and prosthetic arms
Conclusions and future work using pneumatic artial muscles have been

shown, too. Our goal and future work is to
The pneumatic aitcial muscle is a pneu-construct a prosthetic arm with PAMs, because

matic device characterized by its high leveltlése muscles seem a better choice than pres-

functional analogy with human skeletal munt day electric or other drives.

Aluminium Flat Bar

v

<— Atrtificial Muscle
Artificial Muscle —»

Figure 14Artibcial limbs with PAMS&14
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Abstract
Our goal was to compare the direct plate known as the “gold standard” technology in cas@é of
pelvis fracture with the H-plate technology reinforced with iliolumbar fusion and the pelgs
screwing technology reinforced with iliolumbar fusion, especially focusing on the matter oPsta-
bility. %:D

=
In our work we studied and examined the securing possibilities and stability of the transforafiinal
pelvis fracture using timite element analysis. My colleauges and | created the anatomically
correct model (including th® 4nd %' lumbars and cartilages under the lumbars). To create the
model we used a previous geometric model used for older preceding analyses. During the mode
ing we perfected the geometry; we separated the different bone regions and paid close attenti
to create the scale model of the implements. The placements of the implements are appropriat
and in accordance with real surgery procedures. We examined three different cases: standing
the healthy leg, standing on both legs and standing on the injured leg. The boundary conditions
for thebnite element analysis: the femirxisd and in case of standing on one leg the opposing
side of the hip bonehged on both the X and Z axes directions. Furthermore both hip bones are
bxed on the Y axis direction, and this applies when standing on both legs as well. We added tf
load to the® lumbar on the model. The value of the load is 500 N and the direction is —Z. We
debned surface to surface connection between the femur and acetabulum and also between tt
side of the symphysis pubica and the fracture ends>Wgd Hended connection between all
the other components. In our analyses and evaluation we examined the arising stress values a
also the displacements in the cortical and spongiosa regions and in the implements. We exan
ined the elongation of the ligaments in the pelvis and measured the maximal distance betwee
the fracture ends under load.

Considering the results of the stress states, the iliolumbar fusion technologies provide more st
bility. Therefore it is recommended to use these technologies, not mentioning the fact that the
dorsal exposure puts the patient through considerably less trauma.

Considering the results of the fracture ends displacements it can be declared that the reason f
the existence of the H-plate technology reinforced with iliolumbar fusion cannot be questioned.
Therefore continuing the research can béegashy further analyzing and examining dynamic
loads on models extracted from CT images.

Keywordssacrum; fracture; transforaminal
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Introduction the pelvis. We examined the above mentioned

bxing technologies in case of standing on one
According to the data, in 1995 there wdegy and also on two legs, using the anatomi-
64,000 registered bone fractures as hospitally correct boundary conditions. We com-
ized patients, and this number reaches 85,@@0ed and evaluated the different technologies
if we count in the outpatients (patients, whaccording to the arising stresses, displacement
are able to walk with walking cast) as walif the fracture ends and elastic states.
Among the outpatients there were 1572 regis-
tered pelvis fractures.

Methods
The pelvis usually gets injured by a high
impact force, and this is mostly a part of a polyrere are different ways to extract information
trauma. These injuries heal with high funcaeeded to use thaite element analysis, such
tionality damage, therefore the surgery of the the dense based model extracted from CT or
rotationally and vertically instable pelvis rirthe point cloud based model extracted from
injures obviously is needed. The direct plafd, which is a simgbed model using surfaces
technology, known as the “gold standard” sfretched onto the point cloud. In order to
the fractured sacrum raises the question, ijteed up the calculation, the most likely model
is possible to usebaing technology, which to use is the simpkd one, which is anatomi-
during the trauma of the surgery is smallerally correct, but there is some negligence
but the stability remains the same. During tlaout the model. There was an existing model
comparison, the direct plate technology will bé our disposal to use in the biomechanical
examined against the H-plate technology reianalysis, on which we made the necessary
forced with iliolumbar fusion and the pelvimodipcations. In addition to the pelvic ring,
screwing technology reinforced with iliolumthe 4" and %' lumbars were added to the
bar fusion, and the transsacral plate technoledel with the cartilages below. We had to
ogy reinforced with iliolumbar fusion. Therenodify the sacrum in order to implement the
is a limited amount of results deduced froBf' lumbar to the pelvis. We used a plastic
the comparison of the biomechanical analysigedical pelvis and a spinal cord to measure
due to ethical, technical and hygiene reasoaisd create the exact model of the additional
The limited number of results calls for a neparts. During the modeling we paid attention
method, which is thenite element method to the curve of the spinal cord andbttieg of
(FEA). the two lumbars. My colleauges and | used the

ProEngineer Wildre 4 M60 engineering pro-
My colleauges and | created a new improvgidm to create the mbdd model. Obviously
model from a previous geometric one, whithe fracture is secured with implements that
corresponds with the transforaminal fracturese bxed with screws to the bone; therefore
During the development of the model, wpart of the load will be projected to these
tried to simulate real conditions of a surgescrews. It was necessary to examine the nature
We added théMand 8 lumbars with the car- and structure of the bone in the vicinity of
tilages to the model, and also divided the diftese screws. The material properties cannot
ferent bone members. Furthermore we pdie neglected, thus these give the mechanical
close attention to create the exact sized maqateperties of the bone. For example, in the
of the implements used in clinical surgeriesrtical region, which is a sponge like region,
and the punctual placements of these partdtie material property numbers are consider-
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ably smaller. For this particular reason weovements. The x-ray picture of the direct
divided the hard and spongy regions in tipdate technology can be seen orridpere 3,
model. The cortical part is about 3 mm thicknd the geometric model on Figure 2.
and the spongiosa is located within. During
the analysis we examined the sacrum fracturee H-plate technology requires dorsal sur-
more closely the transforaminal fracturgery, which is performed by the incision over =
which causes rotational and vertical instabile butt cheeks. The sacrum is reached by put-x<
ity. Usually, when these high impact traumaisig aside the muscles. The fracture is secured?,:
occur, the ligamentum sacrospinale and ligaith H-plates, which arbxed with cortical L
mentum sacrotuerale, and also the symphysisews. The symphysis tear is similar to thel.u
pubica are torn on the side of the fractumdirect plate technology and is secured with 2 )
We took these effects in account in the modelconstructional plates, which bxed with o
The geometric model of the transforamin&lvo-two cortical screws to the two sides of the
fracture is shown on tRegure 1. pubic bone. The H plate is 25 mm long, 1 mm
thick, and the hole diameter is 3.5 mm. The
The sacrum fracture line is directly securédle distance in between is 18 mm. The para-
with a reconstructional plate, whictPxed meters of the cortical screws Hging the
with spongiosa screws. This surgery is carri¢gblate are exactly the same to the direct plate
out with ventral exposure technology. Thechnology. During the examination of the
plate is 3 mm thick, 10 mm wide, and the gapplate technology we used iliolumbar fusion
between the drill holes is 8 mm. The symphreinforcement. At this reinforcement method,
sis tear is secured with a longer bridging recadiorsal exposure is used, that way giving access
structional plate, whichkged with two corti- to the lumbars and the hip bone. Two-two
cal screws to the pubic bone. The diametersofews are placed through the pedunculus of
the cortical bone is 3.5 mm, core diametetthis lumbar extension to the lumbar body itself.
2.4 mm, head diameter is 6 mm, and the lengthrough these, one-one connecting length-
is 10-110 mm. The direct plate technologywsse rods are extended until the sdrredin
carried out with a high trauma surgery, whidhe hip bone. With the help of these rods part
takes a longer recovery process, but the remafrthe load is transferred to the hip bone. This
ing fracture parts have smaller amplitude s&curing method puts a smaller load on the

Al KONFERENCIA — A-0045
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Figure 1Geometric model of the transforaminal  Figure 2Geometric model of the direct plate
fracture securing technology
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sacrum, which results in a smaller displa
ment, thus thédoxation is more secure. The
lengthwise connecting rods under the lumb
are reinforced by a transversal stabilizing r
The purpose is to reduce the movements of
bridging parts, and to compensate the stres
The x-ray picture of the H-plate technolog
can be seen on thigure 3and the reinforced
with iliolumbar fusion is on thégure 4.

Figure 5Geometric model of the H-plate
The H-plate iliolumbar fusion technology was technology reinforced with iliolumbar fusion

constructed in light of the above mentioned
facts and can be seen orFigare 5. The pelvis screwing technology does not bear
the necessity of exposure. The screws are
placed with the help of an x-ray amplifying
machine, which gives a real time picture of the
surgery. After the anatomical reposition, the
iliosacralis screws are inserted from lateral
position. The drilling and placement of the
screws are monitored from inlet and outlet
views as well. The selection of the appropriate
screws is important. These screws need to go
further than the fracture line, so the length is a
factor. The long thread is vital in the stability,
without this the screws are not reliable. The
thread length is usually 16, 32, 48 and 64 mm
and the screw length is about 65-125 mm. The
Figure 3X-ray picture of the H-plate and direct pelvis screwing technology is shown on the
plate technology Figure 6.Similarly to the H-plate technology,
we used iliolumbar fusion reinforcement for

the examination.

Figure 4X-ray picture of the iliolumbar fusion Figure 6X-ray picture of the pelvis screwing
technology technology
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As it was mentioned before, we considered Yie used brick and tetrahedral elements for
different material properties of the corticaleshing the model in tlmite element anal-

RENCIA — A-0045

and spongiosa regions before usingprifie  ysis. During the meshing we also considered i
element analysis. My colleauges and | sepad separated the cortical and spongiosa%
rated these regions in the sacrum, lumbars, tegions. The examination consists of the threeg

bone and pubic bone. For those regions timaain conditions; standing on two legs, stand-
were not separated wébided homogeneousing on the healthy leg, and standing on the
material properties. Using 90% spongiosa andired leg. As dming the boundary condi-
10% cortical region in the homogeneous patisns, the hip bonelised on the Y-axis direc-

the elasticity modulus:

CHANIKAI

tion, corresponding to the muscles responsibleLl
to keep the pelvis in a standigd position.

oM

0.97400 MPa 0,177,000 MPa 2,060 MPa, In case of standing on one leg the musculusm

the Poisson factor:
0.970.2 0.170.3 0.21.

gluteus medius (part of the hip muscles) pre- g:i
vents the pelvis to topple to the moving side, >
keeping the hip bone in a straight position. In <
light of this, Ipxed the X and Z axis directions

The material properties of the bones, ligan both standing on the healthy and injured ~
ments, joints, cartilages, implements amelg cases as well. The boundary conditions
screws are shown in the table below. Eadipned for the femur in case of standing on
component is considered to be isotropic aboth legs arexed, while standing on one leg

linearly elastic.

logically the appropriate side femipxid. In

Material properties Elasticity modulus [MPa] Poisson facto
H-plate 200,000 0.28
Direct plate 200,000 0.28
Scrgws and plates us Reconstructional plate 200,000 0.28
for implements
Screws 200,000 0.28
Elements of the iliolumbar fusidg 200,000 0.28
Corticalis region 17,000 0.3
Bones Spongiosa region 400 0.2
Homogeneous region 2,060 0.21
Cartilages Cartilages under the lumbars 50 0.2
) Symphysis 50 0.2
Joints —
Pelvis joint 68 0.2
. Ligamentum sacrotuberale 355 0.2
Ligaments
Ligamentum sacrospinale 355 0.2

Table 1Material properties
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every case th& 4umbar transfers the load.of each technology can be determined and
This load is about 500 N for an average adeltaluated. We used the Algor v19 SP1 program
calculated from the weight of the upper bodiyr thebnite element analysis. The direct plate
part. The direction of the load is (—Z). In théechnology while standing on the healthy leg
geometric model between the femur and tiseshown on theigure 7.

acetabulum, and between fracture surfaces on

the sacrum (both cortical and spongioggngits

regions), and between the side of the symphy-

sis and corresponding pubic bone, surfaceTtee Figure 8nd9 shows the result of stress
surface connection wadbded. Every other and displacement while standing on both legs
part is connected to each other with thd-borusing the H-plate technology reinforced with
ed function. The examination determines thgolumbar fusion. Th&igure 1@nd11show
amount of the arising stresses and displattee results of stress and displacement while
ment. With the dened boundary conditionsstanding on the healthy leg using the Pelvis
the gap between the fractured sides are ms&aewing technology reinforced with iliolum-
surable. Based on these results the stabbigy fusion.

Figure 7Boundary conditions and meshing of the direct plate technology

Figure 8Stress states of the H-plate technology Figure 9Displacement of the H-plate technology
reinforced with iliolumbar fusion reinforced with iliolumbar fusion
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Figure 105tress states of the Pelvis screwing Figure 11Displacement of the Pelvis screwing
technology reinforced with iliolumbar fusion technology reinforced with iliolumbar fusion

MAGYAR BIOMECHANIKAI KONFERENCIA — A-0045

For the sake of simplicity and better undewther ones. Considering the results the best
standing, we summarized the results in tlsecuring method for the spongiosa bone region
table shown below. is the H-plate technology with iliolumbar

. . . fusion as well. The highest stress values can be
In the cortical bone region, the highestamount” "". . :
. . . een in th@able 3The arising stresses in the

of stress arises in case of a transforaminal frac-

ture secured with direct plate technology. Itlmplement parts are below of the allowable

notable that during the iliolumbar fusion thé%a0 MPa by a C.OI?SIderable ar_nount.. This
. . - . means that the arising stresses in the imple-
maximal arising stress isn’t located in the near

S ents are not affecting any of the three tech-
vicinity of the fracture on the sacrum, bu . .
. . nologies. Therefore each method is usable and
rather in the lumbars, where théng screws

for the lengthwise rods are placed. The mggtproprlate.

preferable securing method in the CortiCBlurin the analysis of the elongation of the
bone region considering the arising stresses iIs 9 Y g .
: igaments, my colleauges and | examined the
the H-plate technology. The highest stress va?— . . .
ues are shown in thable 2. elongation of both the ligamentum sacrospinal

and the ligamentum sacrotuberal. It is notice-
In the spongiosa bone regions the direct platde from the results that the ligamentum
technology somehow is not as good as #aerospinal has the higher value of elongation.

yi

Arising maximal stress

in the cortical bone regions
[MPa]

Allowed stress: 70 MPa

Examined cases

Standing on the healthy leg Standing on both legs Standing on the injured leg

66.495 smaller part 27.4976 smaller part 38.1396 smaller part
of the sacrum of the sacrum of the sacrum

31.9222 bigger part 23.0433 5" lumbar 35.5964 bigger part
of the sacrum of the sacrum

Direct plate technology

H-plate + iliolumbar fusion

Pelvis screwing +

. . 26.4753 4" lumbar 30.2540 4" lumbar 30.7423 4" lumbar
iliolumbar fusion

Table 2Maximal arising stresses in the cortical bone region
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Arising maximal stress

[MPa]
Allowed stress: 15 MPa

in the cortical bone regions

Examined cases

Standing on the healthy

eg Standing on both lg

gs

Standing on the injured leg

Direct plate technology

14.7519 bigger part
of the sacrum

9.5197 bigger part
of the sacrum

9.2406 -bigger part
of the sacrum

H-plate + iliolumbar fusion

0.7995% lumbar

0.9106 5" lumbar

0.8791 5" jumbar

Pelvis screwing +
iliolumbar fusion

3.5758 bigger part
of the sacrum

3.5758 bigger part
of the sacrum

3.5139 bigger part
of the sacrum

Table 3Maximal arising stresses in the spongiosa bone region

Maximal elongation
of the ligaments [%)]
Allowed elongation: 5%

Examined cases

Standing on the healthy

eg Standing on both lg

gs

Standing on the injured leg

Direct plate technology

0.0084 in the ligamentum
sacrospinal

0.0085 n the ligamentum
sacrospinal

0.0107 +n the ligamentum

sacrospinal

H-plate + iliolumbar fusion

0.0019 4n the ligamentum
sacrospinal

0.0034 4n the ligamentum
sacrospinal

0.0033 +n the ligamentum

sacrospinal

Pelvis screwing +
iliolumbar fusion

0.0024 4n the ligamentum
sacrospinal

0.0029 n the ligamentum
sacrospinal

0.0038 -in the ligamentum

sacrospinal

Table 4Highest elongation values of the ligaments

Maximal diplacement
between

Examined cases

iliolumbar fusion

the fracture ends [mm] | Standing on the healthy leg Standing on both legs Standing on the injured leg
Direct plate technology 0.3123 0.1719 0.1965
H-plate + iliolumbar fusion 0.0718 0.0739 0.0801
Pelvis screwing * 0.1318 0.1410 0.1101

Table 5SMaximal displacement between the fracture ends

This is true to each examined case. In edths noticeable that during those methods
case the elongation is considerable below tiseng the iliolumbar fusion the displacement
allowable threshold value. The highest valbetween the fracture ends is considerable lower
of elongation was measured during the diréhtan the direct plate technology. Furthermore
plate technology, while during the H-platéhe H-plate technology with iliolumbar fusion
and pelvis screwing technologies the amouseven better than the pelvis screwing technol-
of elongation is more than half of the prevdgy. The values of the displacement of the
ously mentioned. The highest elongations véilacture ends are shown in Tiable 5.

ues are shown in thable 4.
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It can be stated that the use of the direct platasiderably lower trauma. This technology
technology with ventral position exposure cagsults in smaller amount of stresses and pro
be avoided and juséd. The H-plate technol- vides higher stability.

ogy using dorsal exposure is achieved with a
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Absztrakt

Az aktiv, gyégyszer-hatbanyagot kibocsaté sztentek folyamaidsersaladjanak feflése

jellemzi az elmult évek orvoslaséat. Az orvoslas eredményei igazoltédk az aktiv és passziv szten
hasznalatanak létjogosultsagat. Egy jelenleg méar hasznalt passziv sztentnek, a gyartdval egyl
m &odve, aktiv bevonattal val6 ellatasagokitcélunk. A bevonatnak kétféle célja is van, egy-
részt a sztent biokompatibilitdsat fokozza, masrészt mint aktiv bevonat, a sztent felhasznalas
nak korét [itse.

Kisérleteink soran a megféel elkészitett, sztentek feluletével megeifgdideté lapkakra
felvitt PUR bevonatok (Carboth@n&ecothar®, ChronoFleR) gydgyszermegkéiés idben
elhlizédé -leadasi képességeit vizsgaltuk.

A PUR bevonatok j6l hasznalhatéak a sztentek bevonasara, és gyogyszert is képesek taro
A PUR bevonatok alaptulajdonsagaik szerint — minbhidrgy hidroféb — tdbb vagy kevesebb
hatéanyagot tudtak megkdtni a fellletikon és a mélyebb rétegeikben. A tébb rétegben felvi
bevonatok nagyobb mennyigégtdéanyagot tudtak megkdtni, mint az egyédiegonatok.

A leadasi gorbék alapjan értelmeabgy, a PUR bevonatok felidefis az anyag belsejéb

leadott hatéanyag mennyiség, ez a PUR alaptulajdonsagé®i fiddpzo az idfliggvé-

nyében. A legtébb hatéanyagot a hidutajdonsagi ChronoF@hevonat tudta felvenni, mig

a legkevesebbet a hidroféb Tecofhane

A PUR bevonatok megfdlkivalasztasaval a felhasznalasi terlleiiithbtd kombinalasukkal
szélesitheiaz indikacios terlletiik. Az eredmények alapjan a toldiréwematok éhyosebb
gyogyszermegkéképessége latszik az egydtigzemben, és ezzel bizonyithaté a hig olda-

tok hasznélatanak javaslatat a bevonasi eljarasban a tétménnyel szemben. A kapott eredmény
alapjan tervezhéia bevonatok gydgyszermegkapacitasa, és a bevonatok szendvicsszerke-
zetéelrendezésével azdieli leadas szabalyozhatd lehet. A hid?R bevonatok nagyobb
hatéanyag-felvétele az anyag duzzadasaval magyarazhatd, és ez alapjdhatbmeahnat

altal bejuttathaté hatéanyag mennyisége.

Kulcsszavaksztent; polimer bevonat; heparin; gyégyszerleadd képesség
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Investigation of the polymer coatings of drug eluting coronary stents from the aspect of
drug absorbing and eluting

Abstract
Coronary stents are the most important materials in our day’s cardiology. The rate of rest&hos
can be decreased by the usage of drug eluting stents compared to bare metal stents. Thqairr
this work was to optimize polymer coatings for medical applications and the examination of ©rug
absorbing and releasing properties of these coatings. The examined medical grade ponmeﬁ We
Chrond3e®, Carbotharfe and Tecothane®. Control groups were bare metal stent models (3
LVM type austenitic stainless steel tube slices). The three medical grade polyurethane granule
were applied onto the stent surface. In this paper different techniques were used to covgr th
samples by polyurethanes then topcoated with heparin. The heparin was injected into themgoat
ings by soaking. The polyurethane coating is an appropriate passive coating. It is expedient3o ac
pharmaceutical agent as a topcoating to prevenaneniatory reactions and to obtain other >
pharmaceutical effects. All of the applied polyurethanes were able to bind the heparin, but igdif-
ferent ways depending on their properties. The most bound heparin was found at the three?_aye
Chrond3eX® coating, by 48-hour soaking. Tecotfiamating bound the least heparin, but this N
coating had the longest elution time. Based on these results it can be concluded that the applie
coatings were swelling and it is possible to set an optimum recovery time and concentration of th
solution where the maximum amount of heparin can be dissolved in the coatings.

KBNFERENCIA — A-0035

KeywordsStent, polymer coating, heparin, drug eluting

Bevezetés A sztentek anyagukat tekintve készilhetnek
rozsdamentes acélbdl, nitinolbdl, tantalbdl, Co-
A’90-es évelitfolyamatosan elterjddecu-  6tvozetekld, Mg-6tvozetek, polimerekia,
tan coronaria intervencié (PC8problémaja ezek az anyagok mechanikai szempontbdl meg-
a relative gyakori érlumen-vissZastés, a felel&k. Bizonyos anyagok kivalé mechanikai
restenosis, amely a coronaria-angioplastioijdonséagokat birtokolnak, de a biokompati-
és a sztentimplantacié utan kialakulé neoibilitisuk nem megfel@l mig mas anyagok
tima-hyperplasia és érsimaizomsejt-proliferdiokompatibilitasa kivald, de nem alkalmasak
ci6 kévetkeztében jon |&tra sztentek olyan sztentek alapanyaganak. Ezen ellentmondas
kilonleges felépitésszbvetbarat fémhalok,feloldasara egy alkalmas megoldas a kilon-
amelyeket a kulonb@okok miatt beskilt bozaanyagok kombinalasa és szendvicsszer-
érszakaszba helyezve, az erek falat medzeté anyagok létrehoz4$aEnnek a gon-
masztva az érlumen atjarhatdsagat biztositjdklatnak a kévetkéeleme az, amikor a bevo-
A bevonat nélkili sztentek (BMS) bevezetésat nem csak passziv médon fedi el az alap-
az egysze¥ ballondilataciohoz képest kdzehnyagot, hanem bioldgiai szempontbdl aktiv
felére, 20-30%-ra csdkkentette ennek az isardragokat juttat a kdrnyezetébe, és ezaltal segiti
telt érelzarodasok sziiménynek a gyakori- a beiltetett sztent beépiilését a szernezetbe
sagé& A restenosis szamos klinikai formaban
jelenhet meg, az ezt okoz6 talzott sejtprolifdz Amerikai Egyesiilt Allamokban az FDA
racio kivédésére fejlesztették ki a gydgyszefkood and Drug Administration) gyorsitott el-
bocsato sztenteket (drug eluting stent —DESjrassal két ilyen tipusu sztentet engedélyezett,
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a Cordis sirolimust kibocsatdé Cypher sztentfégy vagy tdmény bevonatok mar héartydkat
2003-ban és a Boston Sdmnpiaclitaxelt lead6 képezhetnek a sztentek bordai kézthevo-
Taxus sztentjét 2004-BeBzt koveten ugras- natok feliileti egyenletessége segiti aedezten
szeréen megrit a koltséges gyodgyszerkibdsiokompatibilitdsat, ezért a vastagabmbevo
csato sztentek felhasznéalasa, 2004 végére ageerlméletileg jobbak. A DES-ek esetében vi-
cutan coronaria intervenciok soran 80%-bamont kérdéses, hogy az egyédtegy a tobb-
ezek kerliltek beliiltetésre az Egyesiilt Alidtegébevonat az éydsebb. Ezt a poliuretan
mokban; harom év alatt vilagszerte tobb milli@vonatok hatéanyag-megiés -leadd képes-
ilyen tipusu sztentet implantafakz utobbi sége hatarozza meg.
években szamos (j hatéanyaggal rendelkez
sztent jelent meg, igy a zotarolimus bevonatu
Endeavor és az everolimus bevonatl Xiencégdszerek
és Promus. A Cypher és Taxus sztentek FDA
altali engedélyezése randomizalt, kontroll&tvizsgalatokhoz a sztenteknél meghatérozott,
vizsgélatok alapjan tortént. A relative rovidgynevezett fémmel fedett felllettel (MSA)
kilenc hénapos utankovetés soran lényegeswmyegyea fellleté 316L alapanyagl &s
kevesebbszer észleltek restenosist, sztent okemtteteket hasznaltunk. Agzeletek eké-
trombozist, valamint az érintett éiidés- szitését maratdssal, majd elektorpolirozassal
zavarat, és kisebb szdmban volt sziikség rewégeztik. A mintak maratdsat minden minta
cularisatiéra, mint a hagyomanyos sztenteketében kereskedelmi forgalomban kaphat6
esetébéil® Patologiai vizsgalatok azonbamaratopaccal és ultrahangos tisztitd késziilék
kimutattak, hogy a kedv&meointima-proli- segitségével végeztik. A maratopac hidrogén-
feraciot gatlé hatas mellett a gyogyszerkilfiorid (HF) és saletromsav (HNCelegye,
csato sztent fellletének endothelisatidja is kérelyet 1:3 aranyban higitva, 50 ml marato-
sedelmet szenved, illetve tokéletlen, amelpée és 150 ml desztillalt viz keverékeként alkal-
sztent thrombogenitasanak fokozédasaval jmaztunk. A maratasi folyamat egyenként 5
A sztentek tokéletlen endothelisatidja kdvetercig tartott, minden minta esetében. A mara-
keztében kialakuld nagyon lgegy éven tili tds hatdsara egyenletes fellileti &éaup jott
sztentthrombosis a DES-ekre jelléh22 létre, megsziintetve a lézeres vagas okozta na-
gyon kiallé cslicsokat és a jeksitb fellleti
A DES-ekkel elért jobb eredményeket annékdességbeli kiildnbségeket, valamint az éleket
koszonhetik, hogy hatéanyagaik helyileg fejidgdnomabba tette.
ki hatasukat, igy agressziv hatéanyagokat is
tartalmazhatnak, hiszen a helyi leadas és a kismaratast kovén a mintakat viz és alko-
mértékételjes szervezeti hatds miatt kevesdtdl segitségével megtisztitottuk, majd a szara-
a mellékhatasuk, mint per os adagolva az adést koven egyenként elektropoliroztunk
nos hat6anyagoKat (H,0 [desztillalt viz] + 88%-0s JRO, [fosz-
forsav]+96%-o0s k80, [kénsav]).
Jelen fejlesztések soran a kuloakgmuisi
poliuretdn bevonatok dsszehasonlitasa vol &arom, kulonbdatipusd poliuretan granu-
cél tobbféle szempontbdl Sfltes vizsgalatok latumot (Carbothaife Tecotharf®, Chro-
alapjan egyérteléen lathato, hogy minél tobbnoReX®) tetrahidrofuranban oldottuk fel 24
réteget visziink fel a fellletre, vagy minél tont#a alatt. Az elkészitett oldatok mind a harom
nyebb poliuretan oldatot alkalmazunk, annényag esetében 1 témegszazalékosak voltak.
egyenletesebb bevonatot kapunk, de a tdl vasétegeket egyenkeént vittiik fel a lapkakra és
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az egyes felvitelek kdzott szaritottuk. A be I
natokat egy vagy harom rétegben alkalmaz |9T = cd (2)
A bevonatok felvitele utdn 24 6ran keres....
széritottuk szobamérsékleten a mintakat.ahol |, a megvilagitd, | a d vastagsagu rétegen
A heparint a bevonatokba aztatassal juttattathaladt fény intenzitas#&fz adott anyagra
be. A heparinoldatot kétféle koncentraciobgllemzaallandéd (extinkcidé), ¢ a koncentra-
hasznaltuk. Ehhez 10 és 3 mg/ml koncentib.
racioju heparin HEPES oldatat hasznaltuk.
A bevonatokat tartalmazé lapkak 24 vagymérést 3 ml térfogatt HEPES oldatban
48 oran keresztul aztak az oldatban, majdgeztik, amely a spektroszkoppal mérhet
szobahinérsékleten 24 6ran keresztll szé&inimalis térfogat. Az oldatok koncentraciojat
radtak. 0', 5', 15' perceknél, valamint 1, 2, 24 éra eltel
tével hataroztuk meg.
Az elkészitett mintdkat bevonatainak és hepa-
rinfelvitelének adatait 4z tablazat®szletezi. Kontrollcsoportnak a harom rétegben felvitt
poliuretan bevonatd, de heparint nem tartal- <
_ Bevonat Aztatas mazo HEPES-oldatokban aztatott lapkakat
jzg:(t;e tipusa | "teg-| ideje [ heparin/ hasznaltunk.
szam| (6ra) | HEPES
Chrl Chrond3ex 1 24 10 mg/m|
Chr3 | Chrond®ex | 3 24| 10mg/m  Eredmények
Chr48 | Chrondiex 3 48 10 mg/m|
chro,3 | chrondex | 3 24 3mg/m| A vizsgalatok soran a hidras a hidrofob
| tulajdonsagu bevonatok hatéanyag-megkot
| képessége jol elkalonult. A 217 nm elnyelési
| maximumon mért értékek alapjan szamitott
| oldatok koncentracidjat a kuloniddmusi
bevonatok esetében és az oldategydégen-
kénti koncentraciovaltozasat 6. abrak
mutatjak.
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Tecl Tecothane 24 10 mg/n|
24 10 mg/n
48 10 mg/n

1
3
3
Tec0,3 | Tecothane 3 24 3 mg/m
1
3
3

Tec3 Tecothane

Tec48 | Tecothane

Carl | Carbothane 24 10 mg/ml
Car3 | Carbothane| 24 10 mg/ml
Car48 | Carbothane 48 10 mg/ml

Car03 | Carbothane] 3| 24| 3mg/ml Az 1. &brara hidrdol tulajdonsag Chrono-
1. tAblaza\z elkészitett mintak jelolése ReX® bevonatok heparinleadasa lathatd, &z id
és elkészitési paraméterei flggvényében. A bevonat esetében mindegyik
bevonasi eljaras esetén pggglhefia teljes
A hatbéanyag-leadasi meghatarozasahdzsgalati id alatt a folyamatos hatdéanyag-
SPECORD UV VIS kétcsatornas spektrofotieadéas, a vizsgalt HEPES oldat tdtményedése.
métert hasznaltunk 333,3 nm és 186,4 nm hal-legtébb heparint a haromréédgevonat
lamhossztartomanyban ahol az abszorban@dta le (15,6 ng), amely 48 6éran keresztil volt

mértik (1). a heparin 10 mg/ml oldataban2.Aabraraz
| | oldatok idegységenkénti koncentraciovalto-
A :Slgl— = Igl—0 (1) zésa lathato a Chrode@® bevonatok esetén.

0

A koncentraciot a Lambert—Beer 0sszeflgdés8. abrama hidroféb tulajdonsagu Carbo-
(2) alapjan hatéaroztuk meg: thané€ bevonatok heparinleadasa lathato, az
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1. dbraA Chron®eX® bevonatl cszelet 2. &braA ChrondeX® bevonat mérési lontok
heparinleadasa azafliggvényében, kozotti heparinleadasa
az oldat 6sszkoncentraciojat tekintve

3. 4braA Carbothari® bevonatu lapka 4. abraA Carbotharf® bevonat mérési iontok
heparinleaddsa azddggvényében, kozotti heparinleadasa

5. abraA Tecotharf® bevonatu lapka 6. abraA Tecotharf® bevonat mérési lontok
heparinleadasa azddiggvényében, kodzotti heparinleadasa
az oldat 6sszkoncentraciojat tekintve

id &ftiggvényében. A bevonat esetében mird- 5. abréana hidroféb tulajdonsagu Teco-
egyik bevonasi eljaras eseténboyadhefi thané® bevonatok heparinleadasa lathatod, az
hogy a teljes vizsgalatididiatt nem volt fo- id &fliggvényében. A bevonat esetében mind-
lyamatos a hatéanyag-leadas. A bevonatok d@yik bevonasi eljaras eseténboyedhefi
perc alatt teljes mértékben leadtdk a megkotdteljes vizsgalati &latt a folyamatos hato-
hatéanyagot. A legtdbb heparint a haromrényag-leadas. A legtdébb heparint a haromré-
tegébevonat adta le (5,5 ng), amely 24 értagé bevonat adta le (4,3 ng), amely 48 6ran
keresztil volt a heparin 10 mg/ml oldatabakeresztiil volt a heparin 10 mg/ml oldataban.
A 4. dbraraz oldatok idegységenkénti kon- A 6. abraraz oldatok idegységenkénti kon-
centraciovaltozasa lathaté a Carbofhdiee centraciovaltozasa lathatd a Tecothane bevo-
vonatok esetén. natok esetén.
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Megbeszélés mindharom bevonat esetében jelléaw ol-
dat gyors koncentracidvaltozasa, amelyet kdvetd
A leadéasi gorbéket elemezve megallapithadnasodik szakasz, a lassu koncentraciovaltoty
hogy a legtobb hatéanyagot a ld@hro- zassal jellemezh@&B0' utani elhizodé leadasi "Z"
noReX® bevonat kototte meg. gorbe. A gyors szakaszt a bevonatok feluleté@
megtapadt és onnan leoldott hatéanyag ered—<—t
A vizsgalatokkal egyértediizonyitast nyert ményezi, mig a lassu leadasért a bevonat méx
az a megallapitas, hogy a bevonatok rétegszBmelab rétegeibe, pérusaiba, bejutott és onnaré
befolyasolja a megkotétt hatéanyag mennyikéldodo hatdanyag jellemzi.
gét. Ennek az oka a bevonatokban kelétkez
porusokkal magyarazhatd, mert a hasznalt Widrecothar® bevonat esetében ipggelt tel-
PUR oldattokkal és a tobbszori bevonassajew vizsgalati i alatti hatéanyag-leadas és m
egyes rétegek nagyobb porozitdsadahet a 60' utan jelentkémnasodlagos leadasi csi-
felllet teljes és egyenletes bevonasa mellettsok szintén a bevonat porozitasaval vannak>-
Osszefliggésben véleményink szerint.
Az eredmények alapjan azt is kijelentjik, hogy
a toményebb hatéanyagl regenerald oldatbtigitélésiink szerint a PUR bevonatok megfe-
nagyobb mennyiséget kotottek meg a harolel-&k passziv és aktiv bevonat kialakitasara
rétegébevonatok mind a feltletikon, mind &gyarant, mert mindegyik alkalmazott PUR
mélyebb rétegeikben, a pérusokban. A vizsgédvonat képes volt megkéotni a heparint, és a
latok soran nem érték el az oldatok azt a kanegkotott heparint leadni, valamint a harom
centraciét, amely a thrombocita aggregacaiétegben alkalmazott bevonatok teljes mérték-
mar teljesen gatolja, de a felhasznalt hatien befedték a mintadarab feltletét. Az elhi-
anyaggal lényegesen toményebb oldatak is 26d6 leadasi gorbék alapjan arra kelet kovet-
allithatéak. keztetni, hogy a PUR bevonatok duzzadasra
képesek, kifejezetten a hilfeevonatok. Ezen
A leadasi gorbén az oldatok koncentraciovatedmények alapjan a tobbrétég kilon-
tozasa alapjan két szakaszt lehet elkilonitemizAPUR rétegeket tartalmazo bevonatokkal
egy gyors efdazist és egy lassi masodikad. felvett hatéanyag mennyisége &elidle-
A gyors fazis a 0'-t6l 60'-ig tart, erre a szakasmtasa is szabalyozhato lehet.
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Abstract
The rescue of a severed or amputated limb and restoration of the its biomechanical unit;%afte
serious hand or forearm injuries is analysed and discussed with two case presentations. M#tho
of anatomy and surgery in these cases are not part of the everyday practice, the need for imgfovi
tion during surgery is essential. Ischaemia-reperfusion time is also crucial when a limb ha5§0 b
saved. Therst case reports on the subtotal amputation of a young man’s right hand and theguc-
cessful revascularization and unorthodox restoration of the radiocarpal joint to full function.%he
second case is of a young woman with a conquassated left forearm. A special aspect in this'cas
the extremely long ischaemia-reperfusion time. Complete function was restored in this case toc
however the patient’s refusal of spongiosa-plasty resulted in the fatigue birsakiarf thlate,

that had to be replaced.

In traumatology it happens quite often, that serious decisions have to made by the operating tabl
without the chance of consultation with colleagues and literature. The two presented cases migh
help to decide on treatment for those who meet similar cases in their practice.

Keywordssubtotal amputation; conquassation; ischaemia-reperfusion; revascularization; resto-
ration of function

Introduction Improvements in surgical technique

Salvaging limbs injured as a consequenceSoiccessful revascularization and replantation
the increasing number of industrial andptraf was made possible by the development of ade-
accidents is a real challenge for surgical teajuate techniques and instruments. Nylen
(traumatologists, hand surgeons, plastic simtroduced the operating microscope for ear
geons). Microsurgical skills and the knowledgergery in 1921. Mass production of such
of necessary techniques allow the revasculaieroscopes was started by Zeiss in 1953. In
ization of partly or totally amputated limb4960 Jacobson and Suarez adapted the operat-
and nerve repair, up to date and continuousihg microscope to the construction still in use,
improved surgical techniques provide thmoviding better focus, madgeation and
appropriate care of bones, muscles, tendomsement in multiple planes.
and skin defects.

The surgical team headed by Ronald Malt per-

formed thédrst successful replantation in 1962

in Boston. There is a report on succdssful
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ger replantation on Rhesus monkeys in 196&theosynthesis follows the thorough prepa-
as well as a literature account of the successftibn and debridement. Kirschner-wires are
blood vessel anastomosis in an avasculariaéédn used, however in the foredaxation
thumb. Thebrstbnger replantation was per-plates obxateur extern are recommended.
formed by Japanese Komatsu and Tamai in
the same year. The next step is the suture of tendons, usually
extensors preceflexors, then microvascular
In the 1970s replantation centers and micrmArastomoses follow on the artery and vein.
surgical laboratories were established, an®wing anastomosis it is important to fre-
critical analysis of results was presented. Teghently rinse the lumen of vessels with diluted
nique and replantation protocols wekmeel heparin solution, to minimize the removal of
in the 1980s. At that time the previous practmgventitia, to carefully grip the proximal and
of nerve and tendon repair months after skdlstal ends of blood vessels, to choose appro-
etal stabilization and restoration of blood vgwiate size, non-absorbable, synthetic, mono-
sel continuation was stopped. This idea leditament suture and when it is necessary to
today’s practice, during replantation eaapply a venous graft to avoid decrdszed
structure is repaired one other the anotherrate of the blood. The sequence obaazi
the same time. tion depends basically on the anatomical situa-
tion, literature resources are not uniform on
sequence. Nerve suture is last. Skin should be
Surgical technique closed without tension.

Getting the patient into the operating theatM/hen replanting burlier limbs traiation of

has the ultimate priority. It is bbo®l to have arteries takes priority in contrast with veins to
two surgical teams. (There is usually no chardmcrease the amount of muscle necrosis and to
for it in domestic conditions.) The amputatedemove toxic metabolites that would otherwise
body part shouldrst be taken to the operatingnter the patient’s circulation. Extensive fasci-
table, structures should be thoroughly pretomy is also needed.

pared, vessels and nerves suitable for anasto-

mosis should be marked. It is the time fue to the repeated, mindful preoperative and
examine the blood vessels to decide whetinémraoperative reconsideration and the devel-
the replantation could be carried out or naipment of microvascular anastomosis tech-
The next step is the preparatioffefor and niques, the success rate of replantations im-
extensor tendons. proved sigtcantly by now.

General or regional anaesthesia is appliedPtostoperative care begins on the operating
the patient. General anaesthesia is often stgble. Anticoagulation is provided with dex-
plemented with regional, so that peripher&tan, heparin, LMWH, or thrombocyte aggre-
blood perfusion increases. It is important g@tion suppressors. Replanted (revascularized)
protect the patient against hypothermia. Théimbs should be bandaged with extreme cau-
the stump is prepared, blood vessels, neti@s to avoid compression. Similar indication
and tendons are marked, while the amputathds the fasciotomy at the end of surgery. Loose
part is kept cold. bandage has to be applied, only the distal part
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of bngers must be uncovered. It is the placemedian, ulnar and radial nerves and the com-
check the limb’s circulation and oxygenizalete3exor and extensor apparatus were dam-Ll
tion. The limb can not be moved. Sedatives aged. The ambulance crew provifiails, w
often given to minimize vasospasm causeddnalgesia, stabilised the arm and transported"z"
psychic distress. The reduction of pain withe patient with pneumatic compression to g
appropriate analgetics is also important. Thgoid severe blood loss into our hospital after<—t
skin color, turgor and temperature has to hetifying the accident and emergency depart- X
checked continuously. The room temperatuneent. The transport time was relatively short <Z,:

RENCIA — A-0054

has to be controlled, too. from the accident site 35 kms from the hospi- 5
tal. |

5

Case presentation 1 The time of injury was around 10:00 in the m
morning. The patient arrived to the hospital at %

In 1994 an 18 years old young man subtotdlly:45, got into the operating theatre at 11:00.>-
amputeted his right hand with a disc@ag+ The time of total reperfusion was 13:00, the g
ure 1).The hand was only attached to the aroperatioriPnished at 16:00 after each structure fr_

dorsally with a piece of skin approximatelyas reconstructégigure 2).

3 cm wide. The saw mangled the proximal

carpal bones, scaphoid, lunate and triquetiidie reconstruction of the carpal joint caused
as well as the surface of the radiocarpal joinsame professional dilemma during surgery. In
the radius. The radial and ulnar arteries, tlrases of similar severity operation usually starts

Figure llmages at the time of arrival to the hospital

Figure 2Postoperative images
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with arthrodesis, as keeping the joint functidrhe radiocarpal or wrist joint is an ellipsoid
is hardly possible. In this case an 18 yearsjoidt with two axes formed by the radius and
young man was affected, whose wrist functitive articular disk proximally and the proximal
we intended to reconstruct. row of carpal bones distally. The complex
movement of the minor articulations could
The distal carpal bones join the proximal rolaest be observed undeRuworoscope. The
in an S-shaped arch which is convex prosplitting of such a structure can have serious
mally and concave distally, and its ulnar encciensequences both statically and biomechani-
bulging towards distal, its middle partis domedlly. In this case the loss of the proximal row
intensely toward proximal according to th@ade reconstruction possible, as the disc saw
head of the capitafEigure 3)The joint cap- injured major blood vessels, nerves, tendons
sule of the radiocarpal articulation is strengtand soft tissue with a loss of 1-1,5 cm. After a
ened by a tight, strong system of ligaments (llgprough debridement the defect of the joint
radiocarpeum palmare et dorsale, lig. ulnsurface of the radius was detected, as well as a
carpeum palmarélrigure 4). distal piece of the scaphoid. It seemed obvious
to use this piece of bone to form a ,pin”, that

was inserted into the pit in the radkigure

5). This ,biological pinned joint” functions
well even now and the hand regained its bio-
mechanically important rqleigure 6).

Considering the weak blood supply of the
scaphoid we were afraid of a necrosis in the
short run, not to mention the chance of early
arthrosis. That is why kxateur extern was
applied at the end of surgery, however it was a
technically more complicatexhtion method.
After restoring blood circulation the wrist sta-

Figure 3Bones of the radiocarpal jbint bilizers were cared for, it was possible to rein-

Figure 4Ligaments of the radiocarpal j&int
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Figure 5The scaphoid ,pin” inserted into the radius
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Figure 6Early functional results

state musculu3exor carpi radialis and extenfunctional results because of the desorganiza-
sor carpi radialis longus by attaching themtion in the system of ligaments, still early phys-
the base of th@®metacarpal. All the otheriotherapy began. Fortunately there was no
extensor an@exor tendons were systematseptic complication. The wounds healed per
cally cared for and sutured. In this case nepranam. After early rehabilitation we were
restoration and soft tissue correction were theprised how good the results were and how
Pnal stage of surgery. Fortunately neither bomell the biomechanics of the hand returned
necrosis, nor early arthrosis did appear for(Bigjure 6).
long as 15 years.

We were lucky enough to follow up the young
On the postoperative X-rélyigure 5)it is man for many years, we were even able to con-
apparent, that the distal carpal fw well. trol him 15 years after the injury in his home.
Initially we had doubts about postoperativehe patient with the subtotally amputated
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Figure 7Late functional results

hand works now as a heavy machinery mechae diagnosis was as follows: conquassatio
nic. Not just the quality of feeling and funcantebrachii sinistri, laesio arteriae radialis et
tion returned, but he is able to lift heavy objeadtsaris sinistrae, laesio nervi mediani, ulnaris
and perform hard physical labdkigure 7). et radialis rami muscularis sinistri, laesio mus-

culifB3exoris et extensoris digitorum antebrachii

sinistri, defectus cutis antebrachii sinistri.
Case presentation 2

The accident happened at 19:40 2001-11-07,
A 25 years old young woman had a rodwt trathe patient arrived to our hospital the next day
accident, hit a crash barrier on the highwaat, 00:22, and about two further hours later
the broken pieces of which conquassted heperfusion was ensured. The ischaemic dura-
left forearn{Figure 8)She was transported taion was 6 hours 42 minutes. The extensive
the regional hospital, then to other institutionspnquassated forearm injury involving skin
everywhere amputation was recommended. and bones provided a professional challenge.

Figure 8Preoperative images
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Figure 9lntraoperative images after platation

Because of the long ischaemic period we
to endeavor a quick solution, so that we co
restore arterial circulation as soon as poss

The extent of conquassation was such, that
identibcation of bones became verycdit.
After bxation plate placeme(iigure 9)the
smaller and larger bone defects were cle

visible, but this problem had to be taken care

of at a later date, because the restoratior
arterial circulation had absolute priority.

In the postoperative period there was a — lu
ily supelbcial — septic complication, so aft
temporary debridements skin transplantati
was performed using mesh-g(aiure 10).

Early spongiosa plastic surgery was planne
compansate for the bonéode of the radius,

however the patient rejected the operati
based on her physical, psychic and famil

nad
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ble.
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difbculties. After physiotherapy the han
function was totally restor@dgure 11).

Figure 10Mesh-graft
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Figure 11After physiotherapy the hand’s function was totally restored

Based on the bonebd& thebxation plate’s After repeated rehabilitation and physiother-
fatigue break was expected, and happerg@ybnal results are almost complete function
7 years latdFigure 12, on the leRepeated and a powerful hand, the young woman uses
reconstruction was alsokdifilt, since the her left hand for everything in her everyday
originalbxation plate was placed atypically, $ife, even for hard physical labour.

it was not possible to know the exact routes of

blood vessels and nerves supplying the haxdays made in 2010 show the result of spon-
Tightly and carefully following the metal wgjiosa plastic surgery, the pseudoarticulation
succeeded in changing the plate without fulisappeared, the radius became(Figure
ther complications and spongiosa-plasty WER).

also performe(Figure 12, on the right).

248



Biomechanica Hungarica lll. évfolyam, 1. s:

Figure 12The broken and replacexation plates Figure 13X-rays made in 2010
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Conclusion In our second case the gravest danger was th&
ischaemia-reperfusion time. The sbpial

Solutions at the operating table play an impaeptic complication is most probably a conse-

tant role in majority of traumatological proceguence of it, however the extreme contamina-

dures, as in the two presented cases. Therdiareof the forearm might as well contributed.

no similar cases in textbooks, the surgeon hawas a mistake to go without spongiosa-

to improvise. plasty, despite the fact that the patient kept on
hoping that it will not be necessary. The

In the brst case not even early surgical resdliigue fracture of thexation plate was to be

were to be predicted, since quite a numberexpected because of biomechanical reasons.

risks threatened the limb (thrombosis, septic

complications, necrosis, suture ipsiehcy, A surgeon thinks over and over a case and

etc.). Later on the necrosis of the scaphoid \wkms each treatment step in vain, if his origi-

to be expected, requiring early arthrodesisnal plan has to be changed later by the patient’s

resulting in early arthrosis, that did not hapvill.

pen. We were lucky with our atypical solution,

that is why this method could be used in simi-

lar cases.
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Abstract

Aim: The use of ultrasound based motion analyzing systems is harmless and has no side effec
They are applicable among healthy people and children as well. Since 2007 we have been surv
ing children who suffer from spine and foot deformities and participate in adapted physical edu-
cation. With three-year experience we decided to broaden the scope of the survey. In Septeml
last year we started a survey among primary school pupils aged 6-10 with the goal to follow U
their state. Albrst we examined the children’s initial state when their usual annual medical
examination was made at school. The survey is planned to take at least three years. During tl
survey we pay special attention to reveal spine and foot vault deformities at an early stage, beca
these deformities are most common in the age group and after discovery conservative theray
based correction can be started without procrastination.

Material and MethodAfter the orthopaedic examination, we performed a static posture exami-
nation and sole pressure distribution examination among 210 pupils from the two primary
schools. By analysis with the Zebris CMS-HS ultrasound-based system and using Win Spine
program we d®ed the degree of dorsal kyphosis and lumbar lordosis, the total trunk inclination
in the sagittal and frontal planes and the degree of scoliosis.

Results:Two children with innate locomotor disorders and a boy with neurological problems
were excluded from the survey. Out of the remaining 207 children the orthopaedic examinatior
found 75 healthy ones, 55 with bad back posture and3@tigitk. 16 times the diagnosis was
scoliosis, mostly functional but could be corrected properly. 53 children had no spine deformity bu
were positivelyat-footed. Following the recommendation of the GKE 2008 annual congress, we
divided each group into subgroups according to the degree of curvatures in the sagittal plan
Dorsal kyphosis between 30 and 60 degrees and lumbar lordosis between 30 and 40 degrees \
considered normal. Because of this consideration the healthy group was not homogeneous, eith
37.3% of them h&at lumbar lordosis, 4% of them Batlumbar lordosis and thoracic kypho-

sis, too. Among children with bad back posture these ratios were 50.9% and 3%, respectively.

ConclusionContinuous control over different age groups makes it possible for us to search diag-
nosis-spekt signs in the results of ultrasound-based motion analysis. The sign can be, for exam
ple, unbending of the curvature. The results of adapted physical education can be measure
numerically. We can call the attention of teachers and parents for the need of posture correctic
built into physical education and everyday life.
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Introduction children between the ages of 6 to 10 and toQ
demonstrate the existence of foot deformities.L
Medical literature describes children’s low badking the Zebris CMS-HS system’s Win Spine -
and back pains as multi-factorial problemgrogram we received static pictures of the chil- z
The body mass index, the mobility Begli- dren’s spines, and pedographic examlnatlonsO
bility of muscles and joints, muscular strengtihdicated us the deformities of the foot.
sports, the furniture in schools, heavy school
backpacks, psychological factors and smoking
— although in different ways — play an impoMaterial and method
tant role in children’s spine developféent
most cases, children’s back pain experiernitle subjects of our research were chlldreno
are mild and do not affect their daily?ffe¢ from two primary schools in Szolnok from the @
The number of complaints is always highérst to the fourth grades, and it concerned oneg:f
than the actual structural changes. Psychologass from each grade. 210 children were examz-
cal factors play an important role in childreniised; out of them, 4% were six years old, 25%<
back paif Low endurance of trurfkexors were seven, 29% were eight, 25% were nin
and extensors can lead to abnormal postaed 18% of them were ten years old. Three ™
which condition later becomes permanent antildren’s data were removed. Two of them
leads to health problefnBata in the medical had a genetic defect and congenital neurologi-
literature prove that back pain reports in childal anomaly, which Ruenced the organs of
hood and early adolescence arebsignily locomotion. At the third one, we found a com-
related to back pain in adulthé&dt is impor-  plex hip, knee and ankle disorder which had a
tantto discover the reasons at an early stagée in spine deformity. After the orthopaedic
so the health problems can be cured in tiragamination every patient was measured by
and further complications can be preventatie CMS-HS system to investigate the shape
Despite this demand, spine deformities in childf their spine and a foot pressure distribution
hood are mostly without symptoms and for theeasurement was also performed by the pedo-
lack of expansive orthopaedical examinatiagreph. When it was required we used X-ray as
they are discovered late or are not recogninezll. The system consists of a central unit, an
at all. Due to late discoveries, theiefcy of ultrasound transmitter, a personal computer
cures is behind expectations, and many tinaesl a pointefFigure 1)The emitters are built
spine anomalies in adulthood are the results of
health problems not revealed in childhoo
Even a simple bad posture can play a great |
in the evolution of a secondary degenerati
process. At pupils between the ages of 6 t¢
the required muscular development often 13
behind the quick height increase. Diagnosis
an early stage followed by appropriate corr
tion is thebrst step towards prevention. Thg
use of screening makes it possible to eStHi

REN
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an exact diagnosis and to start conserv.
therapy at the earliest possible moment.
the survey our goal was to reveal and record Figure 1UItrasound transmitter, Pointer,
the spine conditions and the back postures of Central unit and PC
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Figure 2Graphic and numerical data in the sagittal and frontal planes

in the three ends of the T-shaped head of tResults
transmitter in one plane. The pointer contains
2 microphones. By the pointer the anatomidalithout considering the age groups, 36.2% of
points and the spine can be determined. the patients were healitiigure 4)26.6% of
the children had bad posture and 7.7% of them
The distance between the head and the séad scoliosis. TH&at back was the rarest with
sors is calculated in the knowledge of the sp8eito. 25.6% of them had no spine deformity
of ultrasound and by measuring time. Withut a3at foot. In conclusion, it was established
the help of the space coordinates of emittdrat 61.8% of the children had no spine prob-
and of the microphones the space coordindtss at all.
of the determined anatomical points can be
calculated. The printed medical report showsagnosis ddat foot with other problems were
numerically and graphically the degree obmmon in 40.1% out of the total amount of
the dorsal kyphosis, the lumbar lordosis aadbjects. Flat foot occurrence was 50% among
the scoliosis and the total trunk inclinatiof-year-olds, which is not surprigifigble 1).
in the sagittal and frontal plaifegure 2). The medical arch does not develop until the
sixth to tenth year of life. This decreasing ten-
The pedograph h&se sensors in each squaréency is clearly visible till the age of nine, but
centimeter. During a 10-second foot examirfaem that point the tendency veers round.
tion we received information about the distri-
bution of weight at the left and right legs, bat#hen diagnoses are analyzed according to age
and fore fodfFigure 3). groups it is evident that bad posture can be
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Figure 3Medical report of the pedograph

40 6 years 7yedrs 8years 9years 10 years
22: Healthy (%)| 12.5 33.8 542 25 3p.4
25 ] — Scoliosis (% 0 2 6.7 77 16.2
8%) 201 Bad posture
15 1 (%) 625| 333 22 25 2116
10 7
Flat back (%9) O 5.9 17 5|8 2.7
54
; =1
Healthy |Bad posture | Pes planus ngr?:lr: Scoliosis z:algt;%()t dudl
individug 4
‘D% 36,2 26,6 25,6 39 77 clinical N 25 254 15.3 36.6 27

. . C e . icture) (%
Figure 4Diagnosis distribution without P ) (%)

considering age groups Table 2Diagnosis distribution according to
age groups
6year|] 7year 8year 9ypar 10|year
Flatfoot| » 2 B 7 Following the recommendation of the 2008
(person) GKE congress, we considered dorsal kyphosis
% 50% ] 43%] 20% 54% 48% petween 30 and 60 degrees and lumbar lordo-

Table 1Flat foot according to age groups ~ Sis between 30 and 40 degrees to be normal
(Figure 5).Subgroups were created accord-
found in every age group, but it is more frimgly for every diagnosis. From the eight pos-
quent among 6-year-old childr€fable 2). sible subgroups only three were found as real
The age group of eight-year-old childrecategories. The occurrenc@aiflumbar lor-
included the healthiest subjects. Scoliosis wasis was the highest in the groupBatf
always functional. footed, bad postured and healthy children.
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60
40 -
3
20
0 —/
30-60 / 30-60/ | 30-60/ |above60/ | above60/ | above60 | below30/ | below30/
30-40 below30 | abowe40 | below 30| 30-40 |/below40 | below30 30-40
O Healthy 30,6 37,3 25,3 0 0 0 0,04 0,03
B Pes planus 45,3 39,6 15,1 0 0 0 0 0
OBad posture | 21,8 50,9 23,6 0 0 0 3,6 0
O Healthy B Pes planus O Bad posture

Figure 5Subgroups according to thoracic kyphosis and lumbar lordosis

Discussion tion and strengthening of the trunk’s muscula-

ture are so important. Beside physical educa-
With the survey among schoolchildren wén, regular trainings for good back posture
wanted to turn attention to the importance afre essential. Children with scoliosis require
screening of the organs of locomotion. Thadividual exercise programs. Adapted physi-
main characteristic of posture problems is tltal education at school is also important to
in the ages examined they do not generdi&velop the appropriate muscular strength,
complaints, but later on they can lead to sevevaich doubles the effect of exercise programs.
rheumatological and orthopaedic problems. The cure of children with spine deformities is

more dbcient when it is backed from several
The other main characteristic is easy remediges. The search for foot deformities is just as
With more care, children are able to correcin@portant as the examination of the spine. In
part of sagittal problems, but cannot hold theiimese age groups, foot problems can be cor-
back permanently. That is why special atterected by special physical exercises.
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1. Introduction which thel3owing liquid is the so called blood
plasma, and the different bigger-size cells —
In the last few years there is increasing inter@stongst all in largest number the red blood
in numerical models of human blood vessetglls — move in this plasma. The volume per-
The new computer-based systems can heént of the cellular fraction is greatly Bigni
already to come to a decision, if it is necessanyt, So we have to examine a relatively densely
to operate a diseased segment of a blood vesdledd” Buid. The solid particles can bump
and if it is so, how urgently. with each other or with the vessels wall in the
course of their motion in tifeeiid, and the
In the past years | have measured mateqalkestion is exactly, how can we describe this
parameters for different constitutive modelsmabtion and how can we calculate the contact
human artery vessels, and in the course of thises during these collisions?
work the medical doctors raised a very inter-
esting issuas it possible to give an estimatiowould like analyze what kind of numerical
with engineering models, witatlision-forces model is able to examine this effect of red
are effected in the endothelium cells — covblteod cells streaming in the different type
ing the vessels wall — from the red blood céfize) of human arteries. | evaluated in a criti-
Roating in blood plasma arteries? The quesal analysis those numerical models, which are
tion is important from biomedical point ofised infBuid mechanics nowadays, mainly
view, because the endothelium cells work émamined from that point of view, how fare are
some respect assavitchboardthey transfer they able to model the mechanical effects of
these internal forces as commands for differsalid particle8oating in blood plasma. | do
biochemical reactions of a segment of vessa# computational simulations on different
The solution of this problem could help tonodels held suitable — and run-able by me, of
understand the physiological processes cofirse — to calculate collision forces of cells.
artery wall. | have a look at separately those special cases,
when the diameter of the examined artery is so
To understand this problem from engineerirgmall, that the red blood cells pass through
point of view we have to know that arteries céda@m only one after the other. In such cases the
be modelled like tubes — with elastic wall —, inechanical effect on the vessels wall is special,
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it doesn’t refer to the direct collision, it refersdomain of scale, what | want to model too, the Lz)
the change is pressure produced in the coweffect of the particles having extension is W
of thel3ow. greatly sigticant. Otherwise there is an inter- %
esting question: how can we take into account%
We would like to note that this task of biomethe presence of cellular elements with the g
ical problem has a great number of analogausthod referred to above, in other words till =
associate in mairgld of the life. For instancewhen can we increase the rate of particles “thex<
| can mention different examples: the roaketically” considered in currdddw, how
masses transported by stream of lava, as wellasy percent of volume occupy those? It is L
icef3oes break off a glacier and travelling inraportant to note also that at present times L
river, or an alternative, typically analogotisrther researches exist, which have the aim t
task is for example the investigation of soédpand the applicability of continuum-based
slime diluted with liquid and streaming inmodelling to the modelling of particles, too.
pipes, etc. It is worth mentioning, that can Aéese are calléthodbedpbnite element meth-
found engineering-like examples to the analyds’(see the works OffiateandLiu).
sis the iRuence of collisions also: thefioes
bumping against a body of a ship or a rivarhe alternative practicable analytical method
pier of a bridge, or forces exerted by other sidithe so callddiscrete Particle Met(io&M),
bodies require similar mechanical investigatich is able to treat the large-sized particles
tions, like | need in the solution of my work.as really independent bodies. Although the
behaviour of particles moving in the artery can
The complex biomechanical analysis of arter-
ies — generally speaking the solution of cou-
pled problems in different numerical tech
nigues — can be solved essentially in two dif-
ferent ways. The one is tbentinuum-base
modelling,which can occur by arijEM
(Finite Element Method) €FD (Computa-
tional Fluid Dynamics) software. | note that
we have the possibility to investigate also the
time-dependent analysis of bigger-size artefies
with these types of modelling, since we can rigure 2TheRow chart of the traditional
keep the cellular elements circulating in bloodiscrete element method: the motion of particles
only as itnitesimal particles. But in another don’t have a reaction on fhed

CHAN

4. MAGYAR BIOM

Figure 1Examples to “large-sized” discrete particles in streaming substance:
stream of lava, glacier, red blood cells
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be modelled with this method, moreover thighere are two available wellPded Ruid-
RBuid-forces can be added to the particlesmadels: th&uler-Euler multiphase mddek
question arise: have these particles — celllamwald et &, Manninen et &) and the so
elements — a reaction on the circulddung calledLagrangian Particle Trackimadel. See
surrounding them? The answer is of coursapplications and summariesGasey et &l.
that the iRuence between the liquid and thén Lun et aP, in Menter et &k and inClift
body attending in continuum medium it al’.
mutual; the body has arSirence on the rela-
tionship of circulation. In our opinion weln the next | will talk about the modelling of
ought to connect the pure discrete elemepdrticle transport. The so cafedticle Track-
modelling and the continuum-bas@did ingmodel is able to describe dispersed phases,
mechanics if we want to describe the requir@tlich appear discretely dispersed in the con-
problem. Our answer is simplebait sight tinuum substance. This model contains the
that we have to consider ddgwton’s Ill. law independent calculation of the discrete parti-
of motion what declare the law of action-reades with the essential conditions considering
tion. Unfortunately this is not so easy, nellve effect to the continuum, which is made by
developments must introduce in thédd of the particles. From view point of this paper,
science, like for instance the coupled néis includes the circulation of blood and the
PFC3D, which connects the program bas&@dnsported cellular elements in it, too. Thus,
on the discrete element method with the CFibe particle transport is attached to the multi-
module. phase models, in which case the particles are
followedLagrangian-mannduring the3ow,
instead of extiuler-phasmodelling. We can

2. Methods model the entire particle-phase by a ideal sam-
ple substituting the particles. The tracking of

2.1. Continuum model of particles particles is possible by the help of the common

moving inlBuid differential equations (these equations refer to

place, velocity and mass). If we combine these
The Computational Fluid Dynami€$D) is equations with the basic mechanical equations
suitable to model the behaviour of streamin§particles we can describe the complex behav-
Buids, heat-transfer or any other complex piiour of the whole system.
cesses (s€&erziger et §l. The CFD solves
the equations describing the behavid®uidf If the Buid contains small particles, it means
on the investigated domain, and can take irtee injection of millions of particles in every
account the prescribed boundary and initis¢cond. Avoid the cost of modelling the whole
conditions on the domain (s8BSYS CFX particles; we have the possibility to inject par-
Theory Guidg ticles representing the real number of the par-

ticles but fewer than that. We can prescribe
We can talk about multiphaBew in those how many particles have to denote the fol-
cases, if more than dh&d is presented. Flu- lowed particles. Contrary to the Euler-type
ids can occupy independent regions which canltiphase computation, the calculation pro-
partake in the same area ofdhiel. TheBow tection of the continuum phase doesn’t con-
consisting of several components is differ¢ain the volume fraction occupied by the par-
from these phenomena of course. ticles. This means, that the model is valid only

in case aémall volume fractioMworeover in
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that case, when the model is not reliable, tRewton’s law of motion gives the basic rela-
volume fraction of the particles can be greatens between the motion of particles and the w
than one. forces causing them. The system of forces cairyj
be in quasi-static equilibrium — in which case

Different diverse forces can cause the motibe motions are remarkably small — or can be
of a particle in thBuid. We have to take intoso, what causes tBewing of the particles.

account the following forces at the equatioAsmuch complex behaviour can be modelled, X
describing the motion of particles: viscouswe allow the adherence of particles by the<ZE
Buid drag forcdquoyancy, virtual mass andside of their contact points, up till the time as L
pressure gradient forces, centripetaCand- the forces between particles are in the neigh-w
lis-forceén rotating frame of reference. Théourhood of the so called contact stiffness%
calculation of viscous drag forces is alwagsessary for opening the connection. In thism
important and essential. Apart from that buoyaanner tension forces can arise between par&
ancy, what appears at one-plames, the ticles, so contact problems among adhered>-
difference between the densities of the pafecks can be modelled too, and in this Wayg
icle and the continuous phase results in butlyere is the possibility of breaking blocks into E
ancy too. smaller-sized elements. ~

Al KONFER

In addition to the traditional domain of the
2.2. Discrete element modelling particleBow analysis, by this type of model-
of particles if3uid ling there is a possibility to analyze the solid

bodies by spé&&d initial- and boundary con-
We can model the mechanical behaviour difions. In these models we can consider the
complex systems composed of different pastid body as a compact set composed of
cles with the help of the so cafladicleBow numerous particles. The stresses and strains
modelWithin the frame of this paper, if | use€an be considered as an averaged value inside
the word“particle”,l don’t think about the a characteristic measurement domain.
particle dened in mechanics, which has an
extension negligible, and so it occupies a sifsi-equations of motion have to satisfy for each
ple “point” in the place. In this paper | willparticle. New connections can create and they
always use the world “particle” as a body withn divide in the course of the calculation. The
bnite dimensionA. discrete element modelinteraction between particles can be consid-
(see the theory froBundall et &) consists of ered as dynamic process, in which course, an
independent particles, which are able to maabition of continuous equilibrium is notice-
independently from each other, and they ma#tble by the help of the balancing of the inter-
interaction with each other only at contactal forces. We can handle the dynamic behav-
points or by the side of their surfaces, respgec+ with a numerical time-stepped algorithm,
tively. In so far as we count particles to be rigidhere the velocity and acceleration can be
as well as we consitheite normal stiffness in treated as constant in the individual time-
the course of contact problems, the mechastieps.
cal behaviour of the system will bendble
by the motion of particles and the interactiorhe course of the solution is just the same,
forces between particles (see det®B@3D what the explicit method bhite differences
Guidé). applies in case of continuum investigations.

The chosen time-step has to be so small, that
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the error in one time-step happens only by tBeResults

direct neighbours of particles, so at all times

we can determine the forces acting on a pahe relation of artery’s diameter to the size of
ticle from the adjacent particles being intened blood cells determines fundamentally the
action with it. Since the velocity of the expamodelling of discrete elements (red blood
sion of disturbance is the function of physells) streaming in the continuum medium
cal properties of the system, we have to ch@bk®d). Since our main purpose is determi-
the time-step in that manner, that itbfsl nate the mechanical effect acting on the so
the above mentioned condition. The applicaalled endothelium cells, we suggest the usage
tion of explicit numerical method opens thef different methods in the different domains
door to simulate nonlinear contact problenus artery size.

of numerous particles, without extreme mem-

ory requirement or application of iterative

solutions. 3.1. Middle-large arteries

The DEM (Discrete Element Method) calcuWe begin with the investigation of the
lations apply in rotatioNewton’s Il. law of blood streaming in an artery having radius:
motionto the particles and the force-displace= 1.5 mm, because in this domain of size the
ment law to the contacts. Newton’s Il. law oéd blood cells start to exert figant ifdu-
motion serves for determination of motioance on the wall. We regard as suitable for
derived from contact forces acting on particiegestigation theontinuum-base modellifig

and from body forces, while the force-displatiis domain of size of arteries. We have the
ment law makes the update of contact foréeeeknowledge, that only these arteries having
caused by relative displacements by contiatger” diameter can be examined on the basis
points possible. of pure continuum modelling, when the order

upgrade of the positions and connections

g .
N
4 D
Law of motion Force-displacement law
(applied to each contact) (applied to each contact)
* resultant force + moment « relative displacement
« constitutive equation

———

contact forces

Figure 3The course of the calculation
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of magnitude of red blood cells diameter tise physiological pulsating pressure with
not so sigtcant considering the diameter athis function, which is perceptible by this size
the blood vessel. We can model the sinker-lideartery. Next to it — to the right — the model-
shape red blood cells as an particle havlad schematic “artery-elbow” is visible. At the
approximate diametdgphere 5.56~10%m. third position of thEigure 4t can be seen the
path of the tracked particles, which zigzagged
We want tdond out the possibilities and limi-motion shows fairly the ability of bumping
tations of the modelling by the so caldetl- against each other. The colours of particles
cle transporhethod. The modelling of thetracks signify their velocity. Finally on the
whole particle phase in the continuBoid fourth place of theigure 4ve can see the von
occurs by the assistance of only a few trackfiges-stresses acting on the wall by the re
particles. The red blood cells constitute théod cells. (Since this was a short time run- m
predominant majority of the cellular elementsng of the program, the majority of the parti- X
owing in the blood plasma, for this reason wies are still before the bend, for this reason the>-
have the primary goal modelling only theseloured plots are observable mainly at theZ
elements. entrance part of the artery.) =

OMECHANIKAI KONFERENCIA — A-0023

~
On theFigure 4 above on the left side — it caffhe so called hematocrit (Ht or HCT) or
be seen the function of thBamw. We approach packed cell volume (PCV) or erythrocyte vol-

Figure 4Flow input, schematic model of an artery-elbow, velocity of the tracked particles,
wall stresses caused by red blood cells
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ume fraction (EVF) is the proportion of bloodize. (See other applicationLinet al® and
volume that is occupied by red blood cellsintTipthavonnukul et &),
is normally about 48% for men and 38% for
women in the physiological normal range. \Wen the above mentionEdyure 5/0u can see
had regard to this at the parameter calibratisome results of simulation made by this
of the following pictures model. | note, that hethod. The connected to one another yellow
is necessary to treat cautiously the obtainmdticles represent the “doughnut-shape” of
results, since the pure continuum-base modtie red blood cells. In the course of the discrete
ling leaves out of consideration the dispersdment modelling the red blood cells and the
particle-phase by equation of the continuuisiood plasma are modelled by the help of par-
phase. Exactly therefore we recommend tiwes. In so far if as we want to model the con-
application for liquids slightly saturated bginuum phase witkne particleblling closely
particles. the entire range of tikeiid phase, it will not
give correct results, since we will observe the so
called “tightness-symptom” of particles. No
3.2. Arterioles matter how we reduce the size of the particles
modelling the continuum, the countable dis-
At the domain of tharteriolesmall arteries) crete particles will never substitute the con-
— which can be considered as the “entrantieuum. This is why we advice the modelling
door” of the capillary vessels — the shapethed continuum phase only by a few distribu-
the endothelium cells begins to play Igignited particles (see the small green particles on
cant role. The endothelium cells covering thiee Figure k This gives the possibility can
artery-wall are seen in tAgure Selow in take into account not only the effect of the
blue colour, and their nuclei are distinctly visontinuum phase (green particles onbte
ible as bulging in the lumen of the artery. It ise below) on the red blood cells (yellow par-
observable on tirégure 500, that these cellsticles on thdécgure below), but we have the
are in possession of internal stiffening. In thbance to consider the back action, namely
course of the collision of red blood cells to titee effect of red blood cells on the continuum
wall, the endothelium cells give signals Iphase, too.
the help of the cellular connecting-structures
(modelled bypve leglets, piece by piece of tl@n theFigure Bve can see the forces arising
endothelium cells, see alsoRigeire bas the from collision of the red blood cell to the under
results of the forces acting on their facasd to the upper wall. Red colour represents
These signals determine essentially the atessile forces and black colour shows the com-
wers and reactions of the artery wall. Qmessive forces. (A small tension is always pres-
account of all these we proposditteete ele- ent in the endothelium cell from the motion of
ment metho model this domain of artery-thef3uid.)

Figure SMotion of a red blood cell (yellow particle) in the blood plasma (representing green particles).
The walls of the 2 dimensional artery consist of endothelium cells
(blue cells with inner stiffening and with 5 leglets)
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Figure 6Collision of the red blood cell (yellow particle) to the under and the upper wall.
Tensile forces are in red colour and compression in black

IOMECHANIKAI KONFERENCIA — A-0023

3.3. Capillary vessels forces arising by this motion acting the main m
role. On account of these we propose to return
In the capillary vessels — smallest blood vesgetkecontinuum-baseabdelling. We made a
— the size of the red blood cells can reach gimplibed mixed model to the investigation <&
extreme case it can exceed, too) the diameténefeffect of the red blood cells moving in the =
the artery. In the present case it is no longapillaries. In this model not only the contin-
the collision of the red blood cells to the wallm phase takes effect the particle inside it,
what mainly produce the reaction of the endbut the back-action could be model also.
thelium cells. The red blood cells march
through the capillalgne by onand the shear
4. Discussion

MAGYA

We have the aim to sciéatinvestigate those
domains of size of arteries, where the effect of
the red blood cells on the wall is bicgnit,
and it is impossible to model the whole blood
circulating in the blood vessels as continuum
medium, thus we have to separate the blood to
the plasma and to the cellular elements (mainly
the red blood cells) streaming in it. We think
Figure 7Geometry of a Capi”ary vessel within different methods are suitable for modelling of
a schematic red blood cell different size of arteries. By the middle-large

Figure 8Results on the wall: Force, Wall shear, Pressure, Pressure Gradient
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arteries repute convenient the continuunpossibility to the modelling, andally by the
based modelling, and inside this the so call=pillary vessels according to our suggestion is
particle tracking method. As soon as the tulmecessary to return to the continuum-based
diameter size decrease and we reach the artedeels.

oles, the discrete element method gives the
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Abstract

The case of a patient with lung cancer is presentedongiosetastasis was detected infthe 5
metacarpal head. Hand metastasis in lung cancer is a rarity in literature. After the detectionlgf thi
hand tumor treatment was sidetracked by representatives of other medical specialities. Th%rov
ing tumor destroyed th®,3th and 4" metacarpals, thus based on DSA, MRI, CT, PET-CT andm
X-ray results and thorough planning of the surgical procedures only opposition and grig of
thumb and indeynger was possible to form. During surgery unexpetteatidi$ occured >
partly because of the condtion of tissues, partly because the tumor was infected. It was né&t pc
sible to plan exactly before the procedure due to the nature of the tumor, and according % thi
hystological results, the metastasis was cleared only by 6 mm. It was possible td'tescue The
metacarpal with the atypical insertion of an AO-plate, so thaathstatics of the hand was
secured. The postoperative period proved to be reassuring, however due to the quick progressi
of the underlying disease the patient was lost.

CHANIKAI KONFERENCIA — A-0053

Keywordsmetastatic hand tumor; function preservation

Introduction End of January 2009 she detected a painful
swelling on her right hand, in tH& hetacar-
The hand as a biomechanical unit is extremglstl head. The routine X-ray showed a cystous
sensitive to any small changes that affect ts¢eolytic degeneration on thenfetacarpal.
Pne motion of thumb and lotpgers, espe- She had an accident at work on 2009-02-03,
cially when a radical amputation becomeghen the same"smetacarpal was injured.
unavoidable due to either traumatological reBased on the X-rélyigure 1a transverse frac-
sons or a tumor. ture without dislocation just under the head of
the %" metacarpal was described, and a cyst-
In this case review the treatment of a 51 yeaus disorganization the size of a small bean
old patient with a rare hand tumor is followedas mentioned.

from detection, till the function preservmg| the beginning of February 2009 a needle

radical intervention, during which we wished.

: . . , h X- MRI
to keep the most of the hand’s b'OmEChan'%é?apri?/na%orrilgi(;itrzdz;eerztor dreari,- dand an
unit. '

The hypothenar needle biopsy of 2009-03-11

showed small and larger groups of atypical,
Case presentation polymorph tumor cells with wide cytoplasma

near the blood elements. Based on the shown
The 51 years old woman was treated withage a carinoma metastatis was suspected,
COPD in the local dispensary for lung disand further cytochemical examinations were
eases since 2003. suggested.
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Figure 1X-ray of right hand after the injury
of 2009-02-03

The PET-CT showed a8 cm tumor in the

left lower lung lobe with mediastinal and left
axillary lymphnode metastases and two sus-
pected 21 cm lymphnode metastases in the
right armpit.

Oncologists recommended palliative irradia-
tion for the right hand, and the hand metasta-
sis responded well both radiologically and
macroscopically. After this treatment the pa-
tient was transferred back to the pulmonology
ward and lost contact with her hand surgeon.
A bronchoscopic test proved the tumor to be
malignant. From May 2009 the pulmonary
adenocarcinoma was treated with chemother-
apy, Gemzar+CDDP. During this period the
hand tumor was gradually growing, and the
painful, malodorous, loose lump became
increasingly intolerable for the patient.

Because of the patient’s primary disease ardu@ to the increasing hand pain the patient
chest X-ray made in the local dispensary feas directed to an ambulatory pain center in
lung diseases she was transferred to a pulm®eptember 2009. Stret came to our hospital
ology ward, where an exploration started ito October 18, and based on the hand sta-
localize the primary tumor, during which aus(Figure 4and X-rayFigure 5k repeated

PET-CT examination was mafiggure 3).

checkup was started.

Figure 2Right hand MRI images of 2009-02-26
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Figure 3PET-CT images of 2009-04-28

Figure 4Hand status of 2009-10-18

Compared with the X-rays of February 20@uring the new checkup series beacuse of the

(Figure 1the new X-rayfigure 5show the urgency a CT was made 2009-1(~Rjtre 6),

tumor’s spreading and the osteolysis. while the cytostatic treatment of the lung tumor
continued in the pulmonological institution.
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Figure 5X-ray of 2009-10-19

After the rapid checkup the patient was trans-
ferred back to the pulmonology ward where
the cytostatic treatment went on. In the begin-
ning of November the patient arrived in a
severe septic condition to our hospital, beacuse
the hand tumor became infected, disinte-
grated, malodoroy&igure 7)and made the

life of not just the patient, but that of her fam-
ily unbearable.

Figure 6CT images of 2009-10-27

Figure 7Hand status of 2009-11-03

When planning surgery it was imperative to
assess the extent of the tumor and its blood
supply, that is why further X-réfyigure 8)

and DSA(Figure 9)mages were made.

According to the DSA results the brachial
artery is moderately gracile, spastic, but with
intact contours and the branches are retained.
The antebrachial arteriel normally. There

are two incomplete arches on the palmar side.
In the ulnar third of the palm there is an inde-
pendent feeding artery coming from the distal
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Figure 8X-ray of 2009-11-13

Figure 9DSA images of 2009-11-03

third of the ulnar artery towards the macr®uring surgery attention was paid to the stabi-
scopically visible bulge. In the bulge regidimation of the radial side and the preservation
there is a tumor-spkcimalformed blood ves-of the motor apparat(fsigure 10)To achieve

sel network. The arch of the ulnar artery iistendons of the brachioradial muscle, mm.
slightly deviated towards radial, however tegtensor carpi radialis longus et brevis, mm.
width and route of the digital arteries leadirextensor pollicis longus et brevis, mm. exten-
to the ringbnger are normal. There is ncsor indicis longus et brevis and m. extensor
abnormality in the radial arch. According tpollicis longus, on the palmar side tendons of
the DSA results, it was suggested, that in cas&exor carpi radialis, aRdxor tendons, the

of no other contraindications, the midetie small thenar muscles and mm. lumbricales
ger might as well be saved. had to be preserved.

According to the DSBndings there seemedSpecial attention was paid to the motor branch
to be a good chance to retain opposition asfdthe median nerve, and its direct sequel the
grip. However the surgeon might have to fadigital nerves of the thumb and inbeger,
quite a number of surprises during tumor suthat originate partly from this trunk, partly
gery. form a separate brar(higure 11).
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Figure 10Radial side of the hand’s movement apphratus

Figure 11Nerves of the hafd
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Figure 12Anatomy of lymphatic vessels and arteries of tHe palm

The supdpcial and deep palmar arterial brari
ches had to be iddped too, the latter having
a large number of anatomical variations jas
shown in literaturé~igure 12).

The surgery resulted in a resection that cleared
the tumor by 6 mm, but left a huge skin defect.
The thumb and indelxnger became unstable
due to the size of the resection, that is why|an

atypically placed AO-plate was used to fasten Figure 13.
them to the foreariffrigure 13)The surgery Postoperative X-rays of 2009-11-16
(Figure 14yvas concluded by using the middle showingrxation

Pnger as BlletRap(Figure 15).
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Figure 14Snapshots from surgery of 2009-11-16

238




Biomechanica Hungarica lll. évfolyam, 1. s:

Figure 15Result of surgery

Tissues of a patient after cytostatic therapy
hand irradiation can not be compared to thg
of a healthy person, their consistency causs
large number of technicalldibilties.

The thorax CT of 2009-12-09 showed th
inbltrated lymphnodes that can not be sef
rated form the tumor in the lower left lun
lobe dislocate, compress andltiate the
oesophagus. There was & 2m probable
metastasis in the right suprarenal gland.

Mid-December percutan gastroenteral feedi
had to be started because the tumor cg
pressed the oesophagus 30 cm long.

50 days after surgery the patient was able t
opposition and grip with the remaining tw

and
se
d a

ng
m_

b do
)

Pngers, and could handle small objects, |

ke

peng(Figure 16).

Figure 16Functional results of 2010-01-04
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Unfortunately a few days later the patient diéd the presented case early consideration and

of general circulatory and respiratory Imsufthe help of other specialists the adequate sur-

ciency. gical planning promised the retainment of
good function for the hand surgeon. However
the patient’s treatment nevertheless early rec-

Results & conclusion ognition and appropriate diagnostic steps side-
tracked from the point of hand surgical view,

It is often necessary to use ad hoc solutionsauid later on only the severe tumor caused

hand surgery, especially in cases of hateformation could be treated with sever dif

tumors. It is important to choose the ideallties.

method from the repository of osthesynthesis

techniques, because in such cases as showlhare seems to be no similar case yet, where

this paper, there is hardly a chance of a ralie primary metastasis of the lung tumor

sion. appeared on the hand in both domestic and
international literature.

It is highly recommended to use statically ter-

minal and biomechanically unorthodox solu-

tions, like atypical plate placements.
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Introduction Constraint of image scale

One of the most important parts of the humarhe image scale is a decisive impact on the
measurements is the facial measuremerascuracy of point determining. The 1. equa-
A project at our department is to create a fatiah describes the maximum object distance,
measurement system. There are sevavlkre the required accuracy is assured.
demands to get a high precision facial mea- —

V.Vke
surement system. For example, there are sgcu-—<*— 1)
rity systems at airports, forensic and anthropo- 9 v
logic researches. These measurement systehere\/ are empiric errors of the X,Y,Z object
make a 3D model automatically from the lispace coordinates, d is object distanaee
ing human face. In our project, we chooseean errors of image coordinatésis the
photogrammetry to perform measurementsean error of angle measurements, q is the
In addition to facial measurements the systel@sign factor of network, k are the quotient of
won't be able to measure the face only, lndependent measurements and number of
other part of human body. images, c is the focal length.

4. MAGYAR BIOMECHANIKAI KONFERENCIA — A-0050

. Therefore the object distance in our project is
To build such a measurement system, there T .
mpstlybxed; the equation is suitable to deter-
are several problems have to been solved. An

) ining an ideal camera constant. It is impor-
important aspect of any close range photo- ;
. . . . tant to select a well applicable camera for the
grammetric system is to achieve an optimal . .
. . roject. The lens and the camera form a single
photogrammetric network for special purpose

: : unit; they have to be designed together, because
in this case for measurement of the humﬁ? : . :
e ratio of object distance and camera con-

face. That includes selection of digital cam-
9 sta{tgt denes the photo scale. The selected lens

eras, design of camera stations, modeling an igure 1)N.E Technology L-SV2514MP

: . . IS
calculation methods. This paper will presentﬁ\)Cal length: 25 mm, F: 1.4-C).

solution for the main questions of photogra
metric network, gross erpttering and a pro-
cessing method on the web.

In close range photogrammetry not photos
with parallel axis are used, but ones with con-
vergent axis. With this method more images
are used at same processing, and the intersec
tion of beams can be calculated with higher
accuracy. The problems of network designing
are presented based on Fékete Figure 1The selected lens
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Constraint of resolution programmable with an SDK (Software Devel-
opment Kit), developed by the manufacturer.

The minimum geometric resolution is deteffhe selected camera(igure 2):PicSight

mined by the standards for mean errors GIgE P202B-GigE-AR color camera (sensor

image coordinates. The maximum is limitesize: 1/1.8" CCD, resolution: 1624x1236 pixel,

by bPnancial and technical reasons. There apeed: 14 fps).

two disadvantages of high resolutiost, if a

sequential camera is used, the amount of data

will exponentially rise. The duration of th&epth ofbeld constraint

human body measurement is critical, because

of the movements. The time of data gatheriftigh accurate measurement results in a sharp

should be minimized. The other disadvantagmage. If the projection of a point is smaller

is that the geometric size of the sensor is ctivan the physical size of the pixel, the projec-

stant for technical reasons; a pixel is smallaidh is sharp, otherwise a blur circle (circle of

the resolution is higher. The charge of pixalenfusion) occurs. In most cases a blur circle

has effect on each other; the noise will increbggger than a pixel is allowed, if the digitizing

in higher resolution. mean error is still acceptable. The degthldf
(DOF) is determine@Figure 3py the camera

The critical key issue of photogrammetry @®nstant and the aperture size (f-number).

the automatic point identifying. The currently

used methods for identifying are working

unreliable with homogenous textured surfaces,

such as in case of human face. The identify|ng

can be improved by projecting a pattern on the

surface. If more images are available with dif-

ferent patterns from the same object, accuracy

can be improved. That means, sequenced

images have to be used, therefore a high speed Figure 3Depth ofpeld

camera is needed.

Facial measurement system requires a low
When the camera model was selected it wa®hject distance, compared to the relatively
important issue that the full control of camertege size of the head. That's why the system
has to be done by computer. The camerasiould cope with large DOF. The object dis-
tance will be approximately 1.5 m and the
f-number will be 5.6 to get an optimal result.

Constraint of intersection
and incidence angles

The accuracy of a point identifying depends
on the incident angles. Since the face is a com-
plex surface, this constraint requires applying
more cameras. In photogrammetry usually
Figure 2The selected camera more cameras are used, typically two. In this
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case due to the complexity of the face, fdurere is an other calculation method, called
cameras are needed. The accuracy of sp@iedct Linear Transformation (DLT), which
measurements will be higher if the intersegives a direct connection between image coor4y
tion angle of camera axis is the maximum thdihates and spatial coordin4tes shown in
can be set. The best camerdgoration is equation 2 and 3. As the name shows, it isQ
equilateral triangle-sided, square-based pylmsed on linear equations, therefore if LSM is =
mid, on the base are the cameras, and onudbked, no linearization is needed.
peak is the objéct

RENCIA — A-0050

NF

Lo X+L ,Y+L gZ+L ,—XLgX XL Y—XL . Z—Xx=0
(2
Constraint of lighting
LX+L gY+L Z+L g—ylgX-yL, Y-yl ,Z-y=0
The big f-number and the sequential photogra- 3)
phy require a bright object surface. Therefore
not only the camera stations but light sourcebere x,y are image coordinates, X,Y,Z are
should be designed too. The lighting should bpatial coordinates angdre DLT parame-
homogenous at all parts of the face. The brigats. An other advantage of DLT is that, no
object can causehtifilties if a pattern is pro-calibrated camera is needed. It enables to
jected to the object. The projector has to be wvamgnge settings on camera system, without a
bright, to highlight the contrasts on the objectew calibration.
and support the automatic point identifying.
Other disadvantages of LSM are gross errors
that have to been eliminated. Estimating
Gross errors and robust estimation methods that are insensitive for gross errors,
named are robust estimations. Some methods
The automatic point identifying is a criticainake gross erritering before estimation;
point of the measurement system. The autther ones make it an iterative way, and con-
matic algorithms are based on contrast diffénuously reweight the measurements. To
ence calculation. Due to lighting and homograke an automatic processing algorithm, the
enous texture of skin there can be several erserond way is a better choice.
during recognition. The false recognized point
pairs are called gross errors in literature.Tlie goal of these methods, that LSM can be
gross errors still existinal calculation, the used iteratively, with new weight matrices
Pnal accuracy will be very low. The calculaased on previous estimation residuals. The
tion in photogrammetry usually made by Leatsteoretical backgounds of these methods is
Squares Method (LSM), which is especialtiiat the clean (without gross error) measure-
sensitive to gross erfoisSM is a very good ments have normal distribution, but if gross
method to minimize residuals in a fast anefror exits, the distribution differs
easy way. If the base equations of a system are
linear, the LSM gives the result in one step, Re(1- H)+ H (4)
other calculation and linearization is needed.
where F is the distribution model of errdrs,
In photogrammetry beam equalization is the normal distribution function, H is the
classical calculation method, but it uses namknown distribution of gross erros the
linear equations, that are not ideal for LSNprobability of gross errors.

4. MAGYAR BIOMECHANIKAI K
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Figure 4Density and iBuence function

These methods Hee one or more thresholdyvantage that, it is not convergent. A non con-
where other distribution is used in the probaergent calculation is not ideal for an auto-
bility density function. Thérst threshold matic method, that's why Huber method is

always denes the part of objective functiohosen for estimation.

with normal distribution. The main objective

functions are Huber-, Hampel-, Danish- an X X a
- I = X
Soproner-functiofs (%) aT ' x\ >a (5)
X

The inBuence function is the derivation o.

objective function. It shows the errors’ effaghere\ is the iffuence function and a is the
on the global estimation.Rmence function threshold for gross errors. The value of a is
divided by x forms the weight matrix. usually 1.5 but can be changed. The estima-

tion steps are as followsst an initial estima-

The objective functions are shown on the |&fin with an identity weight matrix has to be
side ofrigure 4The only one objective func-done. The following estimations are based on
tion which is convex is the Huber fun&ionpreviously calculated errors. lteration runs
(A non-convex object function has the disadhile the optimized result is calculated. At the

Weight function Change of weights
121
1,2 ‘
1
== Huber
08 e (Jean
5 measurements
‘s 06
= Measurements
04 with grosserror
0,2
0
v
6 0 5 10 15
-10 -5 0 5 10 Number of iterations

Figure 5Weight function and weights during iterations
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end the measurements with gross errors h@&anclusion

weights around zero, all other measurements

around on€Figure 5)That means LSM can For development of a facial measurement sys-ij

be used for estimation, the gross errors do teot the best applicable equipment should be%

have effect on thmal result. used. The best affordable cameras and Ien@
were selected for the project. The good camerag

To test the algorithm a web based photograamd light source cbguration was thaed to

metry application was developed. This appimprove accuracy. A properly working calcula-

cation can be reached web, therefore availalole algorithm was developed for the spatial

for everybody and everywhere. Own photogasurements, and gross errors plened

can be uploaded and the measurements carn.

be done. Inexperienced users produce large

amount of data that are often corrupted Iy the future a new algorithm should be devel-

gross errors. These kind of data sets are usgfeld for identifying points on the homogenous

for testing the method and for selecting skin. Finally the photogrammetric network

proper threshold for the Huber method. should be realized.
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Abstract

Purposé&he aim of study is to compare the kinematic parameters and activity pattern of muscles
around the glenohumeral joint in multidirectional instability (MDI) treated by only physiother-
apy and by capsular shift and physiotherapy, before and after treatment.

Materilal and methdche study was carried out on 32 patients with MDI treated with only physio-
therapy (29 patients after 2 years, and 21 patients after 4 years), 19 patients with MDI treated
capsular shift and physiotherapy (19 patients after 2 and 4 years), and 50 healthy subjects as ¢
trol group. The investigated kinematic parameters were the range of the humeral elevation (HE
in the scapular plane, the scapulothoracal and glenohumeral angle, the scapulothoracal (ST) an
glenohumeral (GH) rhytms, and relative displacement between the rotation centers of the
humerus and the scapula. The muscle activity was modeled by the on-off pattern of muscle
around the shoulder.

ResultBefore treatment the increased relative displacement between the rotation centers of th
scapula and the humerus and different ST and GH rhythms were observed in MDI patients. The
physiotherapy strengthened the rotator cuff, biceps brachii, triceps brachii, deltoid muscle, bt
ST and GH rhytms remained monolinear. Capsular shift and physiotherapy resulted bilinear ST
and GH rhytms and normal relative displacement between the rotation center of scapula anc
humerus was restored. After surgery and physiotherapy the activity pattern of muscles around tl
shoulder was almost normal.

ConclusionThe signibcant alterations in kinematic parameters in MDI patients cannot be

restored by physiotherapy only. After the capsular shift and postoperative physiotherapy the bilir
ear ST and GH rhytm (angulation at 60 degree), the normal relative displacement between the
rotation centers of scapula and humerus and the normal muscular activity pattern can be restore

Keywordsmultidirectional instabiliy; shoulder joint; kinematics; physiotherapy; capsular shift;
muscular activity; middle-term results

Introduction caused by trauma, may be uni-, or bilateral.
Subjects with MDI subluxate or dislocate
MDI of the shoulder is a complex condition, &nteriorly, posteriorly or inferiorly, with cur-
is characterized by symptomatic global laxignt reproduction of symptoms in at least two
of glenohumeral joifit It may or may not be direction$18 Most authors agree that patients
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with MDI initially should be treated by physMaterials and methods

iotherapy to increase the muscle strenght and

coordinatioh16:18 Patients
Thirty-two patients with MDI were treated

Neer and Foster in 198@st recognized the non-surgically, by physiotherapy only (physio-

MDI as a separate condition from unidiredherapy group), 19 patients with MDI were

tional instability (frequency of MDI is undetreated by open capsular shift followed by

pended from the age, the sex, or physical aginstoperative physiotherapy (surgery group),

ity)l”. They developed the inferior capsuland 25 control subjects with normal, healthy

shift for the treatment of MDI. Nowadays i§houlders participated the study.

the physiotherapy is unsuccessful, the widely

accepted surgical treatment is the anteridte control group was tested once. The physio-m

inferior capsular shift (open or arthroscopidjerapy group was tested before starting theg:f

followed by physiotherapy? conservative treatment, 36 weeks, 2 and 4 yea
after the rehabilitation was started. The sur- <

The aim of this study was to compare tlgery group (capsular shift with postoperative E

changes in motion before and after differgpitysiotherapy) was tested before the surgery,‘r

treatment, by kinematic and elektromyat2 weeks, 2 and 4 years after surgery. Com-

graphic analyses during humerus elevationpared to thdorst investigation in the physio-

the plane of the scapula. Three groups weherapy group after 2 years one patient died,

investigated: the healthy control group (19ther two patient (one male and one female)

MDI patients treated with physiotherapy onlsequired surgical treatment. After 4 years addi-

(“physiotherapy group”) (2) and MDI patientsional eight patient (six male and two female)

treated with open capsular shift followed bgquired surgery.

physiotherapy (“surgery group”) (3). On the

base of the previous investigation our hypo#ithropometric data of each group is sum-

esis was that the “surgery group” is goingrnmrized inTable 1.

demonstrate better kinematic and muscle

activity that is more consistent to the norm@hysiotherapy

characteristics, compared to the “physioth@he progrart® concentrated on propriocep-

apy group”. tive input to improve the sense of joint posi-
tion, and on relearning correct movement
patterns with the development of strength
and endurance in the scapulothoracic and
glenohumeral muscles. Increased stability

OMECHANIKAI KONFERENCIA — A-0016

Male Female Male Femalg Malg Female
Number (N) 32 18 15 12 5 9
Age (years) 28.1+5.1 246+6.12 245+3/4 235+45 26.4+4.8 28.443.6
Height (cm) 1759+14.9 168.9+22(3 176.2+4.7 158.445.2 170.4%+6.7 165.3+85
Mass (kg) 77.1+8.4 66.1+5.5 79.9+211 58.4+2.5 70.1+1.7 58.444.9
Duration of symptoms (months - - 13.2+2.2 12.9+ 2.1 69.1+115 759+17.1

Table 1Patient characteristics (no dhgant differences compared to the control group)
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of muscle balance and proprioception wereelectric potential generated in muscles in
targeted by using strengthening exercisi® course of movement simultaneously with
closed-chain exercises, and stamina trainiregording the kinematic characteristics of move-
Home exercise program were used to proents (without subsequent synchronization)

mote and maintain the functional capacity bfy surface electromyography. The measure-

the shoulder. ment was performed at the Biomechanical
Laboratory of the Department of Applied

Capsular shift with postoperative Mechanics at the Budapest University of Tech-

physiotherapy nology and Economics, and Szolnok Hospital

The patients underwent Neer type anter@f Hungarian Railways. The detailed ultra-
inferior capsular shiftperformed by the samesound-based shoulder kinematic and electro-
surgeon.The shoulder was immobilized byrayographic measurement method is described
sling for 3 weeks in tied up position. The posty the same authors previdtisly

operative rehabilitation program for the group

began on thérst postoperative day. ElbowAssessment parameters

movement and gentle pendulum exercis€be range of humeral elevation (HE), scapu-
were allowed during therst 3 weeks. After lothoracic angle (ST), and glenohumeral angle
3 weeks assisted active elevation and gradG&l) were used for motion. For the dynamic
external rotation were allowed. After 6 weedsalysis of motion, the position of the scapula
a maximal, pain-free external rotation positi@nd the humerus relative to each other was
was allowed. The 36-week rehabilitaticamalyzed in terms of the relative displacement
protocol was identical to the one describefirotation centers. The motion parameters are
above. described iffable 2.

Method of biomechanic measurement The kinematic and muscular parameters were
The structure of the Zebris CMS-HS movezalculated at the motion cycle wherdoitiad
ment analysis system (Zebris, Medizintechrilkimerus elevation was around 80°. The num-
GmbH, Germany) and of the measuremeitter of cycles taken into account was more than
control software enabled us to measure charges all subjects.

Parameter Deenition

Humeral elevation (HE) Angle formed by spatial vectors between the proximal and distal points of the sfernum,
and between the insertion points of deltoid muscle and radial humeral epicondylg

Range of humeral elevation Differences in the humeral angle at initislgmabitions

Scapulothoracic angle (ST) Angle formed by spatial vectors between the proximal and distal points of the|sternum,

and the angulus acromialis and trigonum spinae
Range of scapulothoracic angle  Differences in the scapulothoracic angle atinaigb@sidons

Glenohumeral angle (GH) Angle formed by spatial vectors between the insertion points of deltoid muscle |and the
radial humeral epicondyle, and the angulus acromialis and trigonum spina

Range of glenohumeral angle Differences in the glenohumeral angle at itmtial positions

Glenohumeral rhythm Glenohumeral angle as a function of humeral elevation

Scapulothoracic rhythm Scapulothoracic angle as a function of humeral elevation

Relative displacement betweeBifference between the maximal and minimal distance of the rotation centers projected to
the rotation centers of a unit of length (calculation method is descrid&d in
the humerus and scapul&(

Table 2Characteristic parameters describing motion patterns
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The bve parameters representing the bilingginysiotherapy group and the surgery group. LZ)
regression line of a scapulothoracic and glefitre time of observations was the repeated facil
humeral rhythm. The calculation method dfor, and had up to three levels: the control wi
these curves are described by the same autipangp was observed once, and the physiother%
previous|§10 apy and surgery group was observed four time@

(before treatment, after 36-weeks physiother-<—(
Electromyographic analysis, time-based pwpy, resp. 2 and 4 years after the rehabilitationX
cessing had to be applied and the purpose sa®e to an end); The post hoc comparison <Z,:
to generate a linear cover curve to determimas made by a Student t-test for multiple com-
the motion pattern of each muscle group dyrarisons. The sigrtance level at statistical
ing movement. analysis (p) was set at 0.05.

Statistical analyses

Data processing was carried out using a MicResults

soft ExcéM-based software which was devel-

oped by lllyés A and Kiss Rhe average and For the sake of transparency, the results of

standard deviation were calculated from thagular kinematics are summarizeBigure

measurement results of the motion cycles. ThandFigure 2The results of relative displace-

parameters of the dominant and non-domiment are visible iRigure 3andFigure 4The

nant shoulder were averaged (i.e., dominam@@ameters of regression lines are shown in

was not considered). Table 3. and3. b,and the p-values of differ-
ent statistical comparisonsTables 4. a, 4. b

The data were analyzed using two-fact@n the physiotherapy and surgery group). The

ANOVA with one repeated measure; processerage regression lines of scapulothoracic and

ing was carried out using a “Statistica” (v.@genohumeral rhythms in the control group,

StatSoft) software. Two factors were involvedfore treatment, and after 2 and 4 years in

in these experiments: the groups and the tiesch group are shownHigure 5The dura-

of observations. The factor of the groups hiéah of muscle activities of each group is shown

three levels, namely the control group, tieFigure 6.
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1 Signcant differences
compared to the contrql
group

1 signipcant differences

compared to the data

measured before
treatment

signbcant differences

compared to state afte

treatment

*

Figure 1Range of humeral elevation (HE), scapulothoracic angle (ST) and glenohumeral angle (GH) for
physiotherapy grouat different observation times, with the standard deviation values
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T Signipcant differences
compared to the contrgl
group

¥ signipcant differences
compared to the data
measured before
treatment

* signipcant differences
compared to state afte
treatment

i signbcant differences
between long-term
physiotherapy
and surgery group

Figure 2Range of humeral elevation (HE), scapulothoracic angle (ST) and glenohumeral angle (GH) for
surgery groupt different observation times, with the standard deviation values

T Signipcant differences
compared to the contrgl
group

¥t signipcant differences
compared to the data
measured before
treatment

* signbcant differences
compared to state afte
treatment

Figure 3Relative displacemen() and components in directions X, Y, and z of the relative
displacement ;) between the rotation centers of the scapula and humphysittherapy groug
different observation times, with the standard deviation values

T Signcant differences
compared to the contrgl
group

¥ signipcant differences
compared to the data
measured before
treatment

* signbcant differences
compared to state afte
treatment

i signbcant differences
between long-term
physiotherapy
and surgery group

Figure 4Relative displacemen() and components in directions X, Y, and z of the relative
displacement ;) between the rotation centers of the scapula and humsungdoy groupt different
observation times, with the standard deviation values
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Physiotherapy group
Parameters Control group before after long-term after 2 years after 4 yeals
physiotherapy| physiotherapy] Y Y
c mean = SD mean = SD mean = SD mean + SD mean + SD
£ until the mgr 0.303+0.015 0.248+0.0231  0.299+0.024% 0.252+0.022t1,*  0.246+Q.029t,*
£ intersection bsr 75.08+1.04 98.78 + 2.151] 81.23+2.111,% 99.01+2.18%t,*  99.10+2[58t,*
© -
s humeral eIe\{anon at 59.87+0.35
5 intersection
§ over the mST 0.557+0.025
@ intersection bsr 59.95+ 0.85
E until the Mgy 0.673+0.021 0.759+0.037t 0.612+0.027% 0.761+0.040t,* 0.777+0.0421,*
T: intersection| p 86.86+1.68 57.98+2.191] 60.17 +1.88% 58.15+2.2Rt*  56.18+ 249t *
& | humeral elevation at
E intersection 60.13+0.29
% over the mGH 0.547+0.018
S| intersection| [, | 94.49+2.28

The linear regression line characterized by two parameters (slope and intercept), the other three parameters (humer:

Table 3. &lope and intercept parameters of regression lines characterizing scapulothoracic

and glenohumeral rhythms for physiotherapy group at different observation times.
mgy slope of regression line of scapulothoracic rhyth;slope of regression line of glenohumeral rhyibm;
y-intercept of regression line of scapulothoracic rhiythmy-intercept of regression line of glenohumeral rhythm;

elevation in intersection, slope and intercept over the intersection) shown as a blankredhtfd8fgrénces com-
pared to the control group, ¥ digaint differences compared to the state before treatmenbcasigiiiferences
compared to the state after treatment

Surgery group
Parameters Control group before after after 2 years after 4 yeals
surgery surgery + physig. Y Y

e mean + SD mean + SD mean + SD mean + SD mean + SD
g until the Mg 0.303+0.015 0.244+0.028t 0.308+0.02010.307+0.018%, | 0.305+0.12%;
£ intersection bst 75.08+1.04 99.14+1.991 73.22+2.27%, | 74.15£1.97%; 75.15+0.98%;,
© -
S | humeral elevation gt g g7, ¢ 35 60.03+0.72 58.87+0.55 60.100.44
5 intersection
% overthe | Mgt 0.557+0.025 0.535+0.027 0.547+0.023 0.558+0.024
@ intersection bgr 59.95+0.85 60.19+0.61 60.02+0.67 59.88+0.74|
_E until the | Mgy 0.673+0.021 0.761+0.04010.683+0.029%, | 0.679+0.028%, | 0.677+0.018%,
T‘; intersection| p 86.86+1.68 56.12+1.691 87.87 £2.14%, | 87.15+1.95% | 86.75+1.12%;
& [ humeral elevation at
§ intersection 60.13+0.29 59.69+1.07 60.01+0.87 60.69+0.20|
% overthe | Mgy 0.547+0.018 0.550+0.024 0.549+0.024 0.548+0.019
S| Intersection| b, | 94.49+2.28 92.28+2.97 94.96+2.17 94.58+2.31

The linear regression line characterized by two parameters (slope and intercept), the other three parameters (humer:

Table 3. Blope and intercept parameters of regression lines characterizing scapulothoracic
and glenohumeral rhythms for surgery group at different observation times.

mg. slope of regression line of scapulothoracic rhythm;slope of regression line of glenohumeral rhydgm;

y-intercept of regression line of scapulothoracic rhiythmy-intercept of regression line of glenohumeral rhythm;

elevation in intersection, slope and intercept over the intersection) shown as a blankrehtfd8fgrences com-
pared to the control group, 1 digaint differences compared to the state before treatmenbcastigifferences
compared to the state after treatmiesignbcant differences between physiotherapy and surgery group
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Relative displacement

ST and GH rhythm

on-off pattern of muscles

Physiotherapy group Surgery group
Parameters | before |?)frt1§r- Parameters after
physio] term after | after before| surgery after | after
therapy physio- 2 years 4 years surgery h+ <o 2 years 4 year$
therapy, phy
Range of HE| 0.602 0.605 0.588 0.495 Range of HE| 0.602 0.592 0.588 0.645
Range of ST| 0.005 0.016 0.0p8 0.p0o4 Range of ST| 0.006 0.271 0.288 0.228
Range of GH| 0.004| 0.037 0.027  0.p06 Range of GH| 0.004| 0.225 0.256  0.267
Ay <0.001 0.003 0.002 <0.0p1 g Ay <0.001 0.283 0.274 0.214
£
Q
H, Q i,
anterior-[)l(osteror 0.003 0.014 0.0p8 0.p01 % anterior-[;(osteror 0.003 0.338 0.387 0.838
£
i, D 5 581 o &,
Iateral—r%edial 0.654| 0.652 0.657 0.p81 g Iateral—ny'nedial 0.654| 0.681 0.7p1 o0.yo7
S
E 4
H’ - H, T .
superior-zinfericr 0.001 0.009 0.0p4 0.p01 Superlor-zlnferlcr 0.001 0.367 0.383 0.898
until the |Ms| 0.014| 0.054  0.085 0.028 until the |Mst| 0.014|  0.294  0.3p1  0.299
intersection, | 0.004| 0041 0005 0.p02 intersection, | 0.004| 0265 03p8 0.p78
humeral elevatipn humeral elevatipn 0346 0348 0.3h7
at intersection at intersection ’ : )
IS
<
over the | Mst S || overthe|Mst 0.319| 0321 0.3p8
mtersectlonDST g |ntersect|onOST 02791 0288 0.2b3
until the [Tow| 0.003) 0018 0.0p7  0.0042 || ynilthe |Mon 0.003 0311 03p4 0312
intersectiofh,| 0.001) 0002 0.0p1 <0.qo1 b [|'MerseCiOh | 0001l 0397 035 0391
humeral elevatipn humeral elevatipn 0473 0.460 0.468
at intersectior at intersectior ’ : “pP
over the |[MeH over the |MaH 0.282| 0.281 0.2B3
intersectio intersectio
{5 (% 0.351] 035D 0.346
m. deltoideus m. deltoideus
anterior <0.001| 0.14 0.005 <0.001 anterior <0.001| 0.13§ 0.147 0.151
[%]
(]
m. deltoideus 3 m. deltoideus d .
medius <0.001 0.12 0.0 <0.001 g medius <0.001 0.12§ 0.131 0.126
m. deltoideus 2 || m. deltoideus
posterior 0.009 0.004 0.0p8 0.p07 § posterior 0.009| <0.001 0.001 0.902
IS,
m. supraspinas0.001 | 0.001] <0.00{L <0.001 ; m. supraspinafy€0.001| 0.24 0.21 0.1p
o
m. infraspinatys<0.001 | <0.001| <0.001 <0.00{ g m. infraspinatys<0.001 | <0.001| <0.001 <0.00
m. biceps brachii0.001 | 0.04 0.003 <0.001 m. biceps brach0.001 | 0.35 0.39 0.3
m. triceps brac4i0.001| 0.00§ 0.002 <0.0p1 m. triceps brac|0.001| 0.41 0.34 0.2p

Table 4. ®-values of difference in biomechanicalTable 4. [P-values of difference in biomechanical
parameters between the surgery group
and the control group

parameters between the physiotherapy group

and the control group
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Figure 5The average of regression lines of glenohumeral and scapulothoracic rhythms in the cont

group, before treatment and after 4 years in the physiotherapy and surgery group

EMG in the physiotherapylill) and surgeryiill) group

" Percent of motion cycle (m. triceps brachii)
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Figure 6The on-off patterns of muscle activity generated by normalization withdrodscle
contraction during elevation in the physiotherapy and surgery group at different times
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Discussion and postoperative physiotherapy restored the
motion and the muscular activity pattern
The investigated motion (elevation in the scapf the shoulder joint and at the control in
ular plane) was continuous (motion was ntihe 2. and 4. years the kinematic parameters
stopped for recording the position of differeapproached the control group, respectively
anatomic points), so we determined potentihlese have shown improvement compared
changes in the motion pattern of skeletal ete-the end-values of the rehabilitation. Our
ments and changes in muscle activity. Tlkemprehensive set of functional tests indicated
motion pattern of skeletal elements was ch#rat surgery with postoperative physiotherapy
acterized by kinematic parameters: rangere$olved ligamentous abnormalities by surgi-
HE, ST, GH, relative displacement betweetal treatment, and restored impaired muscular
the rotation centers of the scapula and tbentrol with consequent postoperative re-
humerus, and scapulothoracic and glenohbabilitation, whereas physiotherapy restored
meral rhythms. The pattern of muscle activitguscular control only.
was characterized by the on-off pattern of
muscles, which modeled intramuscular coor-
dination. Patients with MDI had sigpant Conclusion
alterations in shoulder kinematics (up to about
80° elevation) and in muscle activity comparedthe MDI patients observed different scapu-
to the controls, which is in accordance witathoracic and glenohumeral rhythms and
earlier reportst011.17.18The ST and GH increased relative displacement between the
rhythms were linear and did not show angulestation centers of the scapula and humerus
tion at 60° as in controls (where ST motiarannot be restored by physiotherapy only.
gradually takes over from GH motion duringfter 2-4 years the on-off pattern of muscles in
elevation), cdprming the hypothesis of Anthe physiotherapy group turns same to EMG
and Friedmahand Matse¥ (Figure 5)Long-  in MDI group before treatment. Later was nec-
term physiotherapy only, by strengthening tkeesaryo execute operation on some patients
rotator cuff, triceps, serratus and deltoid mudssm this group. The duration of kinematic
cles did not restore the motion and duration pérameters and muscular activity also can
the muscular activity of the shoulder joint arie restored to normal after surgery with post-
at the control in the 2. and 4. years these valesrative physiotherapy and after two and four
were near to the values measured before phygtars the measured biomechanic parameters
therapy. In this investigation capsular shéire nearly similar to control group.
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Abstract
Objective
The physiological tremor which may extend up to 0.4—0.6 mm on the instrument tip in cas
well-skilled microsurgeon may causecdifies in anyeld of microsurgery, in spite of using

(¢]
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o

fa

different armrests. The limit of correctness of medical robots is about 0.1 mm so far, but the
application of these machines is expensive and not convenient for surgeons because the dire

touch via microinstruments with living tissues is impossible.

Method

The effectiveness of thegertip support technique has been proven by randomized analysis by

exact measuring of the reduction of tremor.

Results

The 0.1 mm precision could be reach&ndgrtip support. This extra precise work has not been
available by hand so far.

Conclusion

The signipcant effect dingertip support technique in neurosurgery has be&edenid pub-
lished by exact measuring and clinical data.

Our hypothesis could be the indication for trials in any microsurgical work.

Keywordspngertip support technique; micromanipulation; microsurgery; revascularisation

Introduction ineal surgery in ophtalmology, cardiac surgery,
ear surgery). The most obstructive problem is

The precise microsurgical work can be cothe physiological tremor which expands up to

plicated when more than 5+tifiagnbcation 0.4-0.6 mm even in the case of, well skilled

is necessary (microneurosurgery, microvasguerosurgeons us well>qFigure 1).

lar procedures in plastic and hand surgery, ret-
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Figure 1There is a shift caused by the tremor onFigure 2The Pngertip support technique reduces
the end of micro instruments, by the traditional the tremor at the end of the instruments
technique

The problems originate from the fact thaLt

between the operation point and the last sup-
porting point (end of IV—¥ngertip) the car-
pal joints transmit micro movements (tremofs
originated neurogenic and mechanical from
breathing and heart beat transmitted by cirgu-
lation to hand) which cause tremors at the
end of micro instruments. Thagertip sup-
port technique consists of support of PAH

gertip on the crossing bridge (called Bethle-
hem bridge) above the operating (working)
point-234Figure 2). Figure 3The application of robot hand method

in the course of microneurosurgery

The end of the bridge rests on the cushions

which aré>xed on the edge of the exposure. Bandomized trial of tremor reduction by robot

this technique there are no carpal lmger hand technique has not been performed so far.

joints between the last supporting points a@ur hypothesis states that this technique could

the end of instruments which could transmite introduced in anlpeld of microsurgical

the tremor. The bridge is necessary becaapproach.

the closegtxed points on the skull or any part

of body including the well known armrest

devices could be placed so far too far to balavieéhod

and drive the microinstruments to the operat-

ing point only by théngertip. Thebnger- Effectiveness of tHengertip support tech-

tip support technique was introduced at difrique has been proven by randomized analysis

ferent microneurosurgical approabféd by exact measuring of the reduction of tremor.

(Figure 3)and gives sigpcant reduction of To measure the difference between the tradi-

postoperative complicati®s tional and the new method, we used track-
ing the instrument tip movements in case of
8 microsurgeons. (3 neurosurgeons, 3 opthal-
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mologists, 1 hand and plastic surgeon, 1 fagtalsults

and neck surgeon, (aged 30-50), (male and

female ratio (6/2). The subjects were askedCtomparison of marker trajectories showed a
hold the tip of the instrument abovexad signipcant regress of trajectérgld ranges
point with visual control under the micro{Table 1)with the new instrument holding
scope with 20magnbcation. At a distance of(Pngertip support) technique. The Siaint

5 mm from the tip of the instrument an adheeduction of tremor (3,0-4,4) was measured at
sive retroféective marker (2 mm in diametergach subject byngertip support technique.
wasbxed. The position of the marker was

registered in a 1002 mmbpeld of view in The displacement intensity, and the mean dis-
the infrared range with the real-time passipéacement values showed $igant regress.
marker-based analyser of movement-°PANMhe maximal displacement with the new m
at a sampling rate of 50/s. Coordinates of thethod improved from 0.61 mm to 0.27 mm. &
marker positions, evaluated from the imagése most impressive effect was observed in>-
were recorded by a two-dimensional ante vertical maximal value with regress from <
lyzeé. 0.53 mm to 0.18 mm. =

IOMECHANIKAI KONFERENCIA — A-0011

<
The digital camcorder was positioned on the

axis of the forearm of the subject, the elevati@onclusion

angle was approximately perpendicular to the

instrument axis. The markers X and Y posihe signipcant reduction of tremor (3.0-4.4)
tion data then were processed with the MAWas measured at each subjelehggrtip sup-
LAB 7.1 (The Math Works, Inc.). The markeport technique, so we stopped the randomized
trajectories and displacement data were caanalysis after the 8 person. The microsurgical
pared, concerning the two methods of holdimgrk one of the hardest manual work in medi-
the instrument. With each method 3 recordirgine. Unfortunately microsurgical work prac-
were captured from a subject. tice is hardly affordable in most part of the

Traditional | Traditional P
(mm) (mm)

Trajectorypeld | 0.53+0.054 0.15+0.030 0.000
horizontal

Trajectorypeld | 0.46+0.044 0.13+0.020 0.000
vertical

Displacement | 0.36+0.046 0.10+0.013 0.001
RMS

Table 1Comparison of measurement data  Marker trajectories and displacement curves reg-

with traditional andpngertip support istered with passive marker based analyser
methods recording of a microsurgeon. of movements with sampling rate of 50 Hz.
The new method resulted highly digaint The trajectoryreld and the displacement
(P<0.005) reduction of vertical oscillations with the new method (B)
and horizontal trajectobeld are sigriicantly reduced compared to traditional
and root-mean-square (RMS) of displacement (A) technique
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world. The continuous practice, peaceful spifiihe contact of instruments with the living tis-
helps the surgeon’s hand “to stay quiet” dusues is also very important during surgery. The
ing the operations. Even so the tremor magw technique guarantees itPBygertip sup-
cause di#culties or damages. port technique the microsurgical procedures
could be available to more surgeons to avoid
There are trials to introduce the medicéthe postoperative complication. Moreover the
roboté-?into microsurgery, but their applicamental load on the microsurgeon could be
tion has not been spread in the microsurgicatluced. Our hypothesis suggests the intro-
practice. The preciseness of the most modduction of this technique in any otbkefd of
robots are 0,1 nInThe preciseness théonf  microsurger{Figure 4, 5, 6, 7).
gertip support technique reduces the tremor
close to 0,1 mm as well. The manipulation py
the surgeons’ hand is easier than by the robots.

Figure 4The application Figure 5The application dfngertip support
of bngertip support method in the course method in the course of microrevascularisation
of ophthalmic (retinal) surgery of free skifdap transplantation in plastic surgery.

The place of Bethlehem bridge is similar in oto
surgery (implantation of ear bones)

Figure 6The application dfngertip support Figure 7The possible application of robot hand
method in the courselarfiger replantation technique in the course of coronary surgery
(revascularization in hand surgery)
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Abstract
ObjectiveTo determine forces of hand &mgiers in model situations.

OMECHANIKAI KONFERENCIA — A-0060

Methods:Subjects were 16 university students (males). Dyna-8 force measuring systemgwas
used, which is equipped with transducers making the measurement of handgrip strengthyand
forces obngers possible. The maximum force value is displayed digitally and smultaneo@%ly,
the complete force diagram is shown on the computer monitor. <

=
Results:Right and left hand strengths and forces bhagédlirs were recorded, and descriptive <
statistics, correlation analysis, and t-test were executed. Forces of right and left hand strengt
correlate, but differ sigpoiantly when their means are compared. Forces of tHenganseon
the right and left hand correlate $igantly with the exception of the middle and ibdex
gers.

Conclusion:Hand andpbnger force data are used in numerous sport types, industrial design,
ergonomics, and rehabilitation.

Keywordsdynamometers; hand strengphger force; ergonomics; rehabilitation control

Introduction

The applicatioreld of hand anidnger force
measurements is related to the industrjal
design of hand tools, workstations, vehicles,
and human-machine interfaces requiring
force while manipulating these megtig-
ure 1).Taking into account the data of the
above-mentioned forces and the constructjon
requirements, one can improve comfort and
minimize hand injuries (Valero-Cuevas,
2000). Development of hand é&mgjer force
is worthy of attention in several types of spart

e.g., judo, wrestling, weightlifting, hammer Figure 1Setting a turning button
throw, discus throwing, tennis, gymnastics,

rock climbing, etc. Devices and computerizéad, isotonic, and isokinetic forces. (Yokogawa,
measuring systems are in the available literra, 2002, Zatsiorsky, 2002, Kiung Ki Uk

ture, which are capable of recording isomet-al., 2004)
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The purpose of the present study was to fogus
on our special measuring system and typical
data regarding whole-hand grasp forces and
Pnger pinch exertions.

Methods

Sixteen healthy subjects, university students
(males), consented to participate in the study;
aged: 21.2+1.48 years, body height: 182.7
+9.19 cm, body mass: 77.85+ 10.03 kg.

A Dyna-8 type general purpose, portable mea-
suring system was developed, allowing the
user to selectively collect numeric data and
diagrams on hand atwmhger forces. The sys- Figure 2The selectivienger force measurement.
tem can be connected to a host PC via USBto ~ Middlebnger—thumb. (At right)

serial converter.

Automatic maximum force value with time
During the recording the maximum force valugnd slope value displaying.
is bxed by a microcontroller and shown digBtorage function, data bank.
tally on the electronic unit display. The forcEextble produced for Excel.
diagram is displayed simultaneously on the
computer monitor (Bretz KJ et al., 2006). During the bnger force measurement, the
lower arm was on the tafifégure 2)In this
Range abnger force measurement: 2-120 Mwer arm position the subjects pressed their

Range of all-purpose force Pngers on th@at surfaces of the two screws on

measurement: 20-1,200 Nhe adapter- one screw with the thumb and the
Linearity: +1.5% opposite screw with any othager(Figure 2
Hysteresis: +1.5% and 3)During the measurement the subjects
Sampling frequency: 300 Hzshaped a circle with theimgers in a horizon-
Dimensions: tal plane.

Hand grip adapter: 25%050u30 mm
Finger force adapter: 1 22ul00 mm They could easily do it in the given situation,

Electronic unit: 200150u80 mm since the height of the adapter of the two press-

Complete mass: 4.2 kgbuttons was about 100 mm, which ensured
Battery: 9/ a comfortable handling of the instrument.
Power supply with mains adapter: 9 ¥ visual feedback was also applied during the

experiment. The subjects could see the forma-
tion of the force diagram on the computer

Performance of the measuring system screen simultaneously with the force exertion.
Force diagram recording time with PC: 240 s.

Manual scanning function. The next task was the measurement of the
Zoom function. hand grasping force.
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Figure 4The bnger force sensor adapter
and the electronic unit

(11, 12) produced with pressure surface are
bxed. During measurement, as showfign
ure 2the middlebnger and the thumb grasp

Figure 3The fork-shaped measuring element bui

in the adapteFigure 2 and 4)

MAGYAR BIOMECHANIKAI KONFERENCIA — A-0060

@nd press the screws on the pressure surface

4.

Figure 3llustrates the lateral view, front-viewResults

and cross-sectional view of the fork-shaped

measuring element (1), built in the adaptdrable Isummarizes the hand apager force
(Figure 4)The strain gauges (5, 6, 7, 8) convalues (16 male subjec®&bles 2, 8nd 4

nected in a Wheatstone bridge, are stuck to shew the correlations between maxirPam
measuring plates (2, 3), in which screwsr forces.

Force measurement, right hand (N)

Hand Little bnger RindPnger Middleenger Indedpnger Thumb
Average 551.2 30.8 37.9 55.1 56.7 107.7
St. deviation 74.5 11.57 10.08 17.3 12.62 30.68
Force measurement, left hand (N)
Hand Little bnger RindPnger Middlebnger Indedpnger Thumb
Average 505.2 28.4 37 53.7 60.4 109.5
St. deviation 112.7 10.26 11.26 12.04 14.6) 2B.9

Table 1Results of force measurements: averages and standard deviations

Correlation coetients Little Pnger Ringbnger Middle bPnger IndexbPnger Thumb
& signbcances Right Right Right Right Right
Little Pnger (Right) 1
Ringbnger (Right) 0.790** 1
p<0.000
Middle bnger (Right) 0.647** 0.744* 1
p<0.007 p<0.001
Indexbnger (Right) 0.349 0.564* 0.242 1
p<0.185 p<0.023 p<0.366
Thumb (Right) -0.454 -0.253 -0.079 -0.371 1
p<0.077 p<0.343 p<0.772 p<0.158

Table 2Correlations between right hamtger forces
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Correlation coetients Little Pnger Ringbnger Middle Pnger Indexbnger Thumb
& signPcances Left Left Left Left Left
Little bnger (Left) 1
Ringbnger (Left) 0.610* 1
p<0.012
Middle bnger (Left) 0.439 0.661* 1
p<0.089 p<0.005
Indexbnger (Left) 0.446 0.537* 0.642** 1
p<0.084 p<0.032 p<0.007
Thumb (Left) -0.228 0.120 0.063 0.394 1
p<0.396 p<0.659 p<0.816 p<0.131
Table 3Correlations between the left hender forces
Correlation coetients Little bnger Ringbnger Middle bnger Indexbnger Thumb
& signPcances Left Left Left Left Left
Little Pnger (Right) 0.719** 0.565* 0.408 0.453 -0.151
p<0.002 p<0.023 p<0.117 p<0.078 p<0.591
RingPnger (Right) 0.665** 0.626** 0.572* 0.502* 0.028
p<0.005 p<0.01 p<0.021 p<0.047 p<0.919
Middlebnger  (Right) 0.341 0.427 0.469 0.427 —-0.098
p<0.196 p<0.099 p<0.068 p<0.099 p<0.717
Indexbnger (Right) 0.409 0.32 0.601* 0.393 -0.254
p<0.116 p<0.227 p<0.014 p<0.132 p<0.342
Thumb (Right) —0.695** -0.507* —-0.465 -0.197 0.506*
p<0.003 p<0.045 p<0.069 p<0.465 p<0.045

Table 4Correlations between the right anddeffer forces

The following data are displayed: forces related to time elapsed; slope of the diagrams (dF/dt) at any timg
during measurement; maximum force and the moment when it occurred; sampling rate; measuring time;

Figure 6Diagram of hand grasping forces.

zoomed part; (adjustable) trigger level (20 N), etc.
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is projected to the midpoint of the distance
between the sensors of the mibdiger and
the ringPnger on the opposite side of the sen-
sor equipment. In the case dbxad trans-
ducer this fact would not cause any problems.Q
Using an elegant solution, the sensors were—
built in a table (Latash et al., 2007). If the reac-
tion force against the other fongers occurs
due to the press of the thumb, and the senso
equipment is nobxed, then really only the
(maximum) force of the thumb can be mea-
Figure 5Hand grip adapter with force sensor sured. The total force exerted by theHour
gers could be greater than that of the thumb.
Discussion As a consequence, with this method the maxi-
mal force exertion of the thumb, as well as the
The brst goal of this study was to descrilf@ce distribution between the otkagers
hand andenger force capabilities in relation teould be measured.
various couplings with handles and levers.
The knowledge of grasping force makes it p&s-order to determine the forces and torques of
sible to create an estimation of the genetta other foubngers and their maximal val-
neuromuscular power of the subject. Bodes, the vector of the pressing force of the
dimensions correlate with maximum hanthumb has to coincide with the vector of the
force (Roman-Liu et al., 2004). pressing force of one of the dtingers. While
pinching with the thumb and any othkeger,
Many researchers have already dealt with the force of the index, middle, ring, or little
measurement obPnger forces. They havebnger can be measured since the thumb is able
developed various methods in order to do ttosexert a greater force than any dthger
(Yokogawa and Hara, 2002). In some caske® to its muscular and anatomical structure.
they applied the kind of sensors which simul-
taneously measured the exertions betweenBearing in mind the above mentioned condi-
thumb and the other fotangers. The trans- tions, the force measuring adapter was con-
ducers are up-to-date, almost all of them ateucted in a way that it makes the selective
accurate and linear (Zatsiorsky, 2002, Gornialeasuring of the forces lfgers possible.
et al., 2007). According to this design, the uniaxial arrange-
ment satiges the original aim (Bretz et al.,
In earlier solutions, there are four sensd806).
opposing the thumb, but in some cases, none
of these is opposite the sensor of the thurhtand andbnger force data can be used in
The axis of this sensor is coincident with timemerous types of sport, industrial design,
vector of the pressure force of the thumb, ardonomics, and rehabilitation.
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K6szONT a / GREETINGS

Csernatony Zoltan lllés Tamas

a tudomanyos bizottsag elndke a szerveaizottsag elnoke
Zoltan Csernatony Tamas lllés

chief of the sciebit chief of the organization
committee committee

A hagyomanyteremtés sikerének tnnepeként tekintink a 4. Magyar Biomechanikai Konfe-
rencia elébe. Kilon 6rom szamunkra, hogy a konferencia nem valt egy Budapest—Debrece
pingpongrendezvénnyé, hiszen a 2010-es évben Pécs vallalta a hazigazda szerepét. Ez ve
hol az eszkalacio révén emel a rendezvény szinvonalan, és reméljik, szerénytelenség néll
mondhatjuk, hogy talan hozzaad valamely csekély értéket Pécs Eurdpa kuétrosiisze-

repéhez is.

Mint sokak szdmara ismeretes, legkozelebb 2013-ban tervezzilk megrendezni a konferencis
azon egysze&roknal fogva, hogy a paros évekre psmninagyobb szamban esnek tudoma-
nyos (ilések a biomechanika irant esetlegesenafisiekiszamot tartd szakterileteken. igy
mindenkit arra buzditunk, hogy ,lritse ki” szakmai tarsolyat, tegye azt kézkinccsé, gazdagitve
ezzel a magyar biomechanikai tudasbazis divatos kifejezéssel élve: hozzaadott értékét, tegye |
biomechanika rhelyasztalan szakmai névjegyét, hogy annal nagyobb varakozassal tekintsenel
az érdekdll & a 2013-as szereplésikre is.

Mindenkit szeretettel varunk tehat 2010 Eurépa Kulturdlérdsaban, Pécsett, szakmai 6r6-
moket igéarészvételt kivanva.

Jelen digitalis kiadvanyunk a konferencia kapcsan bekildott cikkeket tartalmazza.

It is with great joy to announce tReHungarian Biomechanics Conference, which by now has
become a tradition. It is an especially high honor that this year the conference is held in Pécs, al
not in Debrecen or Budapest like in the previous years. This escalates the level of the progra
even more, as in 2010 Pécs is the Cultural Capital City in Europe.

As many people know the next conference will be held in 2013, for the simple reason that there
much more biomechanics related conferences in even years. That is why we encourage everyc
to present their professional investigations, idea, and hypothesis to enrich the Hungarian Biome
chanical knowledge so that in 2013 there will be a greater interest towards the realization of the
research.

We give a warm welcome for everyone in the 2010 European Cultural Capital Pécs, and goo
luck in the conference.

Present digital issue contains the articles sent us in connection with the conference.
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L UMBALISGERINGC-SZEGMENTUMOK DEGENERACIOJANAK
NUMERIKUS SZIMULACIOJA

|. AZ ELETKORRALJARODEGENERACIO

Kurutzné Kovacs MafaOroszvary LasAd

1 Budapesti Mszaki és Gazdasagtudomanyi Egyetem, Budapest

2 Knorr Bremse Hungaria Ltd, Budapest
kurutzm@eik.bme.hu

Absztrakt

A numerikus szimulacié olyan jelenségek és folyamatok kovetésére is alkalmas, amelyek kise
leti Gton nem vizsgalhatok. llyenek példaul a gerinc éregedéssel jaré degeneracios folyamat:
A jelen dolgozatban az emberi lumbalisgerinc-szegmentumok nyondéebedlbregedés-

lek alapjan. A korral jaré degeneracios folyamatot a szegmentumot alkotd egyes szervek any:
tulajdonsagainak valtozasaval modellezziik. A kidolgozott végeselem-modelleket hizasra é
nyomasra egyarant ugy validaltuk, hogy a szamitasi eredményeinket 6sszehasonlitottuk a saja
a szakirodalombdl rendelkezésre allé kisérleti mérési adatokkal. Ot degeneraciés fokozatot dc
goztunk ki a teljesen egészségaseljesen degeneraltig. A degeneracios folyamat két legfonto-
sabb tényeggnek, a porckorong nucleusabadhélrosztatikus nyomasnak és a nucleus kemé-
nyedésének a hatasat kulén-kulén vizsgéltuk az éregedési folyamat soran, és azt tapasztalt
hogy a degeneraciés folyamat kezdeti szakaszaban a hidrosztatikus nyoénéséneigsan
dominans hatasa, mig a &ddekben a nucleus keményedése adBntazt mutatta, hogy a
nyomomerevség az alig degenkead#tl szegmentumnal a legkisebb, vagyis az instabilitds koc-
k&zata ekkor a legnagyobb, és a stabilitas esélye a tovabbi éregedéssel és degen@racidval m
Kimutattuk, hogy a szegmentum merevségében a nucleusnak van dominans szerepe. Ahho
hogy a nucleus folyadékszéezdeti egészséges allapotat pontosan modellezni tudjuk, a rugal-
massagi moduluséat 1 MPa értéknél kisebbre, éts@gr MPa értékre kell felvenni. A lumbalis
gerinc degeneracios folyamatainak végeselemes szimulacioja segit megérteni e folyamatok kie
kulasét és lefutdséat, annak okait, de segit a lumbalis porckorongproblémék konzervativ kezel¢
eljarasainak tokéletesitésben is.

Kulcsszavakemberi lumbalis mozgasszegmentum; korral jaré degeneracio; porckorong; vége-
selem-modell; numerikus szimul&cid; nyomasi merevség

Abstract

Numerical simulation is an effective tool for analyzing phenomena that canndicokebglari
experimental methods, like spinal degeneration procesipie Zlement simulation of age-
related degeneration processes of lumbar functional spinal units was investigated in axial comj
ression. Aging degeneration was modeled by the material properties of the components of tt
segment, validated both for compression and tension, by comparing the numerical results witl
experimental data. Five grades of aging degeneration were distinguished from the healthy to full
degenerated case. By systematic numerical analysis of the separated effect of the mechanical c
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ponents of aging degeneration it was proved that at the beginning phase of aging proc?es tl
effect of loss of hydrostatic stress state had a dominant effect, while in further aging the hardenir
of nucleus dominates, leading to the largest deformability and the smallest compressive stifines
consequently, to the risk of segmental instability at mildly degenerated case, while stiffne% an
stability increased with further aging. In the numerical modeling of hydrostatic state of a he@thy
nucleus, smaller than 1 MPa Young’s modulus of nucleus must be considered to cut dowa the
nuclear stress divergence below 10%. For healthy nucleus, E=0.1 MPa seems to be accg)tal:
FE simulations of degeneration processes of lumbar segments may help clinicians to und

the initiation and progression of disc degeneration and to treat lumbar discopathy problem%eve\
more effectively.

BIOME

Keywordshuman lumbar functional spinal unit; age-related degeneration; intervertebral d|%
Pnite element model; numerical simulation; compressive stiffness

4. MAGYA

1. Bevezetés karosodas a porckorong nucleusaban jelentke-
zik el&zor. A nucleus kezdi elveszteni folya-
A gerincdegeneracion annak felépitésébdakszeg viselkedését, és me@dlz benne
szerkezetében ésdidésében bedlld karos hidrosztatikus nyomas fesziltségallapota, a
elvéltozasokat értjik. A degeneracio altalarsas radassal egyddej keményedni kezd, me-
fogalom, a gerinc degeneracioi két alapvetvsége novekszikl Ekdzben a teherbiras
osztalyba sorolhatdk: (1) a hosszUéidégt- atrendezilése és iranyvaltozasa miatt egyéb
korral jar6 degeneracésk(2) a kighatasra karosodasi formak is megjelenhetnek, példaul
kialakulo rovidebb idéjin.kérnyezeti degeneaz annulus felhasadasa, a &misiulus kihaj-
raciok.llyen kornyezeti hatasok &@lsrban a lasa, a véglemezek berepedése, vagy a csontrit-
mechanikai hatasok, a kiilonféle ternekja  kulasos csigolyak megroppahassz utobbi
l6giai, a sportolasi vagy munkavégzési terhiekk kutatasai, valamint a derékfajés, porcko-
vagy éppen a balesgétredatraumatikus ter- rongbantalommal orvoshoz fordulé betegek
hek. Tovabbi kdrnyezeti degeneraciot okoziéetkori statisztikai kimutatték, hogipatal,
a fagyas, égés, vegyi-, vagy sugarkarosodasestbssé degeneralt szegmentumokat fenyegeti
A mechanikai eredétlegeneraciok a kornye-inkabb a stabilitAsvesztés, mig a&oiks
zeti degeneracio kilon osztalyat képezik, ezekan a stabilitds egyre inkabb biztdsitott
a rovid iddalatt, rendszerint varatlanul felép Az okok numerikus szimulacioval torddi
mechanikai tllterhelédbad6dé Unhirtelen mutatdsa ennek a tanulméanynak az egyik
degeneracidlen lehet példaul az elesés, vagglja.
éppen egy rossz mozdhld&Ebben a tanul-
manyban csak az életkori karosodasokkal f8g- utdbbi idben szamos tanulmany foglal-
lakozunk; a hirtelen karosodast a tanulmamkpzik a lumbalis gerinc degeneraciéjanak a
masodik részében elemezziik numerikus, végeselemes modellezésével. latri-
dis és munkatard&ilkimutattak, mint valik
A porckorong a szegmentum legkritikusalzb nucleus folyadékbdl szilard halmazallapo-
alkotérésze, amelynek barmilyen karosoddded az 6regedés soran. Natarajan és munka-
jelent&en befolyasolhatja a szegmentum tersal 12 poro elasztikus végeselem-modellt
herbirasat és stabilitds@tz 6regedéssel jardalkalmaztak az életkorral jaré degeneracio szi-
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mulédlasara. Polikeit és munkatdfsabbb 2. Modszerek

degeneraciés fokozatobdidltak: eBzor a

nucleus keményedett, majd az egész porcRdt. A lumbalis szegmentum

rong, azutan a bedannulusban lé&szalakat végeselemes modellje

tavolitottak el, végil az annulus l&#zalait

is legyengitették. Rohimann és munkatarsai 3D geometriai modellt egy tipikus lumbalis

harom degeneraciés fazist kulonbdztettekegmentum méretei alapjan vettik fel. A csi-

meg: csotkkentették a porckorong magassagayatest modelljénél kiilén kezeltiik a cortica-

a nucleusban I&hidrosztatikus nyomassallis és trabecularis csontszakaszokat és a nyul-

aranyosan. Tang és munkatafsaiporcko- vanyoka{l. a abra)A porckorongnal kiilon

rong magassagaval egyitt az anyagélland&@zarkezetet képezett a nucleus és az annulus;

is valtoztattak a degeneracié szimuldlasasa. annulust kompozitnak tekintve, ahol a

Schmidt és munkatarsat® a degeneracios matrixot és a szélakat tobbEggzeréréteg-

fokozatokat a magassag csokkentésével, a hdepitettik fe(1. b AbraMind a hét gerinc-

leus rugalmassagi moduluséanak novelésésehlagot és ezek kildnféle kapcsolddasi viszo-

a véglemezek gorbilletének névelésével, akysit isPgyelembe vettiik. A végeselemes halé-

izlletek irdnyanak valtoztatasaval és csontiatot Pro/Engineer, ANSYS Workbench és

novések beiktatdsaval alakitottak ki. E tandINSYS Classic programok segitségével vettik

manyok legtébbje leszbégezi, hogy az instabié (1. ¢ 4bra).

tas leginkabb a gyengén degenksditlabb

szegmentumokat veszélyezteti. A végeselem-modellnél az egyes szervekre
mas-mas elemtipust alkalmaztunk. Az annu-

A jelen tanulmany célja az életkori degeneiéas matrixot, a nucleust és a szivacsos csontot,

cios folyamat numerikus kdvetése, a degeneraayulvanyokat és a kisizlleteket, tovabba

cié kialakuldsara vonatkozd kovetkeztetédskonyos kapcsolatokat térfogatelereleb

levonasa, és annak — a sokak altal felvetetsentos véglemezeket és a csigolya corticalis

kérdésnek a megvalaszolasa, hogy ninért arészét, valamint a szalagokat héjeledekb

tal felndteket veszélyezteti leginkabb a poreégul az annulus szalait ridelemi&kipitet-

korongbantalom. tuk fel.

1. abraA szegmentum geometriai és végeselemes modellje
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A csontok rugalmas anyagéllandoinak felye- Aszegmentum | Rugalmassagi Poisson-

1. tAblazatdz egészséges szegmentum
Az oregedéssel jard degeneracié modellezése anyagallandoi
soran a nucleusban megsahidrosztatikus  *hlzas, **killsdkézbengibelsaszalak, hizas
nyomast a Poisson-téngezsokkenésével, a
nucleus fokozatos keményedését pedig a rugpalgy a lumbalis nyomd&eegyrészt a fedest
massagi modulusa novekedésével modellsilya, amely a teststly mintegy 68%%a
tik33:34 Ot degeneracios fokozatot allitottunknasrészt a gerincet egyensulyban tarto izom-
fel az egészségast teliesen degeneralt allaer& alkotjak, mely utdébbi megkdzédity
potig, amelyekbelngyelembe vettilk a b&ls ugyanakkora, mint a fdisst stlya.
annulus kihajlasat, ezért az annulus éregedé-
sénél csak kismért&keményedést vettiink
bgyelembe. A modellben a szivacsos csontZ28aA lumbalis szegmentum végeselemes
véglemezek korral jar6 gyengllés®gje- modelljének validalasa
lembe vettik.

N~

o

o

<

<

[

<

>

telénél elsorban a szakirodalomra tamasz-  4ikoterészei modulus | tényeza m
kodtunk’=23 A nucleus collagen szélait csgk [MPa] i
hdzasra dolgozé linearisan rugalmas anyag@orticalis hé; 12000 0.3 %
nak feltételeztik, radidlisan kifelé noekys,iacsos csont 150 03 9
rugalmassagi modulug€a#9-24-30Mind a CsigolyanyGivanyok 3500 0.3 =
hét szalagot csak hlzasra dolgozé linearisgm K 100 02 v
) 3132 glemeze , =

rugalmas anyaggal vetttgyelembé-31.3 yy—— 2 045 Z
Az egészséges szegmentum anyagéllandoft-az : ac
cgeszseges szeq yag "Annulusszalak 500/400/300** - @)

1. tAbldzanutatja. |
Nucleus 1 0,499 S

Elluls ahosszanti szalag 8* 0,35 %

2.2. A lumbalis szegmentum életkori Hatulso hosszantl szalag 10 035 -
degeneraciés modellje A tobbi szalag 5 035 >
Q

<

=

~

Az egészséges és a degeneralt végeselemes
A numerikus szimulaciét 1000 N nyomotenodell validalasat hizasra és nyomasra
herre végeztilk, amelybegyelembe vettiik, egyarant elvégezfikNyomas esetén a porc-

Degenerécios 1. fokozat 2. fokozat 3. fokozat 4. fokozat 5. fokozatt
fokozatok egészséges teljes deg.
E Q E Q E Q E Q E Q
(MPa) (MPa) (MPa) (MPa) (MPa)

Nyomas
nucleus 1 0.499 3 0.45 9 0.4 27 0.35 81 0.3
annulusmatrix 4 0.45 4.5 0.45 5 0.45 5.5 0.45 6 0.45
szivacsos csont 150 0.3 125 0.3 100 0.3 75 0.3 50 0.3
véglemezek 100 0.4 80 0.4 60 0.4 40 0.4 20 0.4
Huzéas
nucleus 0.4 0.499 1.0 0.45 1.6 0.4 2.2 0.35 2.8 0.3
annulusmatrix 0.4 045 1.0 0.45 1.6 0.45 2.2 0.45 2.8 0.45

2. tblaza® degeneralt szegmentum anyagallandéi
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korong szagittdlis kozépsikjaban keleétker  rosztatikus feszlltségallapot csokkenésének és
gdeges nyomofesziltségek szamitashol ka patticleus szilarduldsanak hatasat.brabra
nagysagat és eloszlasat hasonlitottuk OssZeoisson-tényéxsokkenésének hatasa lat-
Nachemsof?, Adams és munkatafsaiDolan haté adott rugalmassagi modulusok mellett,
és AdantS, Adams és Dol&hporckorongba a2. ¢ abréda rugalmassagi modulus néveke-
szUrt tée szerelt fesziltségniémézerrel désének hatasa lathatd adott Poisson-té&nyez
mért, Un. stress-prlmmetriaval nyert kisér letimellett.

eredményeivel. Az eredmények méghy

egyezést mutattak. HUzas esetén az L3-/52. a dbralathatd, hogy a porckorong dssze-
lumbalis szakaszhoz tartoz6 szegmentummgomhatosaga a 2. degeneracios fokozatndl,
szamitott megnyulasi eredményeinket hasae alig degenerabatal porckorongnal a leg-
litottuk Ossze Kurut? és munkatarsdia nagyobb. R. b abmél azt latjuk, hogy a nuc-
stlyfirdden in vivo mért kisérleti eredméleusban uralkodd hidrosztatikus nyomas meg-
nyeivel. Nemcsak a megnyulasi értékek, éésével monoton ndvekszik a porckorong
nem azok életkori megoszlasat mutatd figgsszenyomhatésaga barmely rugalmassagi
vények is nagy hasonlosagot mutattak. Ezekdulus mellett. 2. ¢ abrazt mutatja, hogy
szerint tehat a fenti tablazatok szerint felvetinucleus keményedésével monoton csdkken a
anyagallandok elfogadhaté alapot képeznedrckorong dsszenyomhatdsiga a rdedsz

az Oregedési degeneracids folyamatok numbiiirosztatikus nyoméas barmely staddiuméban.
kus szimul&cidjahoz. A 2. aés2. b dblaosszevetésahatjuk, hogy

a degenraciés folyamat kezdetén a nucleusban
Iéva hidrosztatikus nyomas meégszsének

van dominans hatasa; mig. aés 2. ¢ abita

A szegmentum porckorongjanak 1000 N cemtgybevetése azt mutatja, hogy a tovabbi dege-
rikus nyomoéedie bekdvetkezett Osszenyoneracid sordn a nucleus keményedésének a
modasat mutatjaa abraA 2. a dbravala- hatdsa a do@A2. a dbrdazt latjuk, hogy az
mennyi degeneracids téngiegyittese hata-életkori degeneraciés folyamat sorZnbas

sara létrejo@ 6sszenyomddasokat latjuk &. c abikon lathatd ellentétes hatasok harca
degeneracié @khaladtaval. 2. bés2. ¢ zajlik, emiatt a porckorong degeneraciés defor-
abrd kulon-kdlon latjuk a nucleusbeli hid-méaciodja nem monoton fliggvény.

3. Eredmények

A porckorong magassagcsokkenése
anucleus keményedése hatasara

|

21 41 61 81
a nucleus rugalmassagi modulusa [MPa]

[-e-045 -0-040 =035 -0-030]
a) b) ©)

2. abraA porckorong dsszenyomoédasanak valmyaskegeneracios folyamat soran,
b) a nucleus Poisson-téngének cstkkenése fliggvényében
kulénbodzarugalmassagi modulusok mel@tg nucleus rugalmassagi modulusanak névekedése
fliggvényében killdnbéPoisson-tények mellett

S
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©
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Minden szempontbdl hasonl6é viselkedést mmely rugalmasségi modulus mellett. 4 dbra
tatott a porckorong kihasasodasa &ltls- azt mutatja, hogy a nucleus keményedéséveE
tulsé és oldalso iranyban egyarant, és kiulémiszont névekszik a nyomofesziltség a meg-pj
sen az annulusban a maximalis posterolatesaén ahidrosztatikus nyomas barmely stadiu-
lis szaled, amint azt 8. dbranutatja. maban, és csak extra kemény nucleusnal cs6
ken kissé. A. aés4. b abié sszevetéséb
A 4. abrd a fugdgleges nyomofesziiltségekatjuk, hogy a degeneracios folyamat kezdetény
véltozasat lathatjuk a degeneracios folyamatucleusban I@hidrosztatikus nyomas meg-
soran a porckorong szagittalis kdzépsikjabemtésének van dominans hatasa; migés
a nucleus kdzepén.dAa abralathatd, hogy a 4. c abiéegybevetése azt mutatja, hogy a W
a nucleus kozepén a fillgges nyomdfeszilt- tovabbi degeneracié soran a nucleus keményeg
ségek a 2. degeneracios fokozatnal, az aligdse a dort A 4. a dbraazt latjuk, hogy az
generaltpatal porckorongndl a legkisebbeléletkori degeneraciés folyamat sordn b
és 4. c abikon lathaté ellentétes hatasok
A 4. b abmél azt latjuk, hogy a nucleusbarnutkdznek egymassal, emiatt a nucleus koze-
uralkod6 hidrosztatikus nyomas megésé- pén a nyomofesziltségek degeneraciés vélto-§_
vel e fesziltségek monoton csdkkennek bZfisa nem monoton fliggvény.

Al KONFER

MECHAN

AGYAR BI

4

a) b) <)

3. AbraMaximalis posterolaterélis sz&exz annulusban
a) az életkori degeneracios folyamat soyamucleus Poisson-téngének életkori csokkenése hatasara,
¢) a nucleus rugalmasséagi modulusanak életkori névekedése hatasara

a) b) ©)

4. dbraFiggdeges nyomofesziltségek valtozasa a nucleus kozepén
a) az életkori degeneracios folyamat soyamucleus Poisson-téngének életkori csokkenése hataséara,
c¢) a nucleus rugalmassagi modulusanak életkori ndvekedése hatasara
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A 4. abrha?2. és3. dbraal 6sszevetve lathatomat kezdetén most is a nucleus Poisson-ténye-
hogy a nucleus kozepén feiépyomofe- z de csokkenésének a hatasa adont
szlltségek a porckorong deformacidival éppen
ellen tétes viselkedést mutatnak a degenerdki6sabra a belsannulusban ébreidfligga
folyamat soran. leges nyomofesziiltségek valtozasat lathatjuk
a degeneracios folyamat sordn a szagittalis
Az 5. abra a fuggleges nyomofesziltségekozépsikban. A. b abrazerint a beannu-
degeneracios valtozasat lathatjuk a nucldus érzékeny a nucleus rugalmassagi modu-
peremén a szagittalis kozépsikbarb.A#s lusara, vagyis csak akkor csokken benne a
5. ¢ ablaszerint ezek a fesziiltségek monotdiiggdeges nyomoéfesziiltség a hidrosztatika
csokkennek a nucleus Poisson-téfiyesok- megszZnésével, ha a nucleus valéban lagy
kenésével, és monoton novekednek a nuclétrsl MPa), egyébként alig valtozik. A nuc-
keményedésével. A komplex degenerades keményedésével azonban aabalsu-
folyamat soran e feszlltségek a 2. degenerdogimn a fugdeges nyomofesziiltségek mo-
fokozatnal a legkisebbek, &fsmonoton &  noton csokkennekGac abrazerint. A komp-
nek azs. a abrazerint. A degeneracios folydex degeneraciés folyamat soran e fesziiltségek
szinte linearisan csokkennek.

a) b) c)

5. dbraFuggdeges nyomofesziiltségek valtozasa a nucleus szagittalis peremén
a) az életkori degeneracios folyamat sbyamucleus Poisson-téngének életkori csokkenése hatasara,
¢)a nucleus rugalmassagi modulusanak életkori névekedése hatéséara

a) b) ©)

6. abraFliggdeges nyomdfesziltségek valtozasa a szagitt@ebalssban
a) az életkori degeneracios folyamat sbyamucleus Poisson-téngének életkori csokkenése hatasara,
c¢)a nucleus rugalmasséagi modulusanak életkori ndvekedése hatasara
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a) b) c)
7. dbraFuiggdeges nyomofesziiltségek valtozasa a szagitt@mnkiilkisban

a)az életkori degeneracios folyamat sby@mucleus Poisson-téngének életkori csokkenése hatasara,
c¢) a nucleus rugalmasséagi modulusanak életkori névekedése hatasara

A7. abra kilsdannulusban mutatja a fuder

ges nyomofesziiltségek valtozasat a degenera-
cios folyamat soran a szagittalis kdzépsikban.
A 7. bés7. c abléaszerint ezek a fesziltsé-
gek monoton ndvekednek a nucleus Poisson-
tényezde csokkenésével, és monoton csokken-
nek a nucleus keményedésével. A komplex
degeneracioés folyamat soran e fesziltségek a
2. degeneracios fokozatnal a legnagyobbak, és
késdb csokkennek7a a abrazerint.

4. MAGYAR BIOMECHANIKAI KONFERENCIA — A-0007

o o i . 8. abraA porckorong alkotérészeinek
A 7. dbraés ad. abradsszevetésalatjuk, atlagos fiigdeges nyomoémerevsége

hogy a kuldannulusbeli figdeges nyomé- az életkori degeneréacio soran
fesziiltségek a nucleuskozepi fesziiltségekkel
ellentétesen viselkednek. Ha a nucleusb4510 N/mm; a kisannulusé pedig 440, 440,
csokken a fesziltség, akkor a &diswulus- 570, 1070 és 3030 N/mm volt. A teljes porcko-
ban megrd és ez forditva is igaz. A degenendng fuggleges nyomémerevsége 2400, 1900,
ciés folyamat kezdetén most is a nucleust#800, 5100 és 13000 N/mm értékre adddott.
hidrosztatika csokkenésének a hatasa & doAt8. abramutatja, hogy valamennyi alkoté rész
A7. dbr@a2. és3. abraal 6sszevetve lathatdgs a teljes porckorong merevsége a 2. degene-
hogy a kulé annulusban fellépnyomofe- raciés fokozatban, a gyengén degeneralt fazis-
sziltségek a porckorong deformécidival mémn a legkisebb.
egyea viselkedést mutatnak a degeneracids
folyamat soran.

4. Megbeszélés
A 8. abra a porckorong alkotérészeinek atla-
gos fiigdeges merevségét tuntettiik fel az 6rA&- porckorong életkori degeneracios folya-
gedési degeneracios folyamat soran. Az 6trdatanak numerikus modellezésénél adbels
generacios fokozatban a nucleus atlagos menulus kihajlasdtgyelembe kell venni. Ha
revsége 710, 460, 830, 2090 és 5510 N/mmicleus keményedésével parhuzamosan az
a beldannulusé 1210, 1020, 1220, 1980admulusnal is jelerd keményedést feltétele-
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zlnk, akkor a kisérleti eredményekkel ellentéd, egészséges allapotaban mutat folyadék-
tes feszlltség-megoszlast tapasztalunk a psmeréviselkedést, ennek megvaltozdsa csakis a
korongbat 39 kezdeti szakaszra eshet, amikor a nucleus még
kell@n lagy. Ezt a nyilvanvalé tényt numeri-
A porckorong életkori degeneracios folyaniass kisérleteinkkel igazolt(#-7. abrak)
tanak numerikus modellezésénél az egész sé-
ges nucleus rugalmassagi modulusat 1 MRanucleus 6sszenyomhatatlansaga fokozatos
értéknél kisebbre célsedelvenni, hogy a megsznésének a kezdeti degeneracios sza-
hidrosztatikus fesziiltségi allapot biztosithakészbeli dominancigja kovetkeztében a nuc-
legyen. Ennél nagyobb értéknél a kiiloAbolkeus nyomasi teherbirdsaatal, gyengén de-
irAnya fesziltségek 10% folé divergalnaenerdlt porckorongndl a legkigdbb. abra),
A legcélszabb érték 0.1 MPa, ezt a szakiraigyanekkor a porckorong deformacioja, 6sz-
dalomban azonban kevesen haszR@f8k szenyomoédasa, kihasasodasa a legnagyobb
Néhanyad®42-44 az E=4 MPa és20.499 (2. abra)Kovetkezésképpen a kdtiinyado-
értékpart, tobbéhl923.46az E=1 MPa és saként efillé nyomasi merevség és teherbiras
Q=0.499 adatokat hasznaljak a numerikus nucleusban ekkor a legkis€Bb abra).
szimulacional. Hasonléan ebben a korai degenerécios fazis-
ban van minimuma a beélannulus merevsé-
Amig a flugdeges feszlltségek Iényegesgenek is, mig a kidannulus merevsége ebben
valtoznak a degeneracid soran, a vizszirteszakaszban &llandé. Valdban, a porckorong
feszlltségek alig valtoznak. Ennek az a nalkotorészeinek atlagos merevsége egészséges
gyarazata, hogy mig a fidgges nyomofe- porckorongban 400-1200 N/mm, gyengén de-
szlltségek érzékenyen reagalnak a nuclgeseralt porckorongnal 400—1000 N/mm, ko-
hidrosztatikus feszultségallapotanak mé&gsze pesen degeneralt esetben 500-1200 N/mm,
nésére, a vizszintes feszlltségek kevésbiosan degeneralt esetben 1100-2100 N/mm,
A hidrosztatika megsgzésével jaré feszllt-teliesen degeneralt porckorongban 3000-—
ségdivergenciat éppen a fiemes feszult- 5500 N/mm kozotti értékre adod8tt abra).
ségek edeljesebb megvaltozasa idéai el
A teljes porckorong merevségében a nucleus
Az életkori degeneraciéo két legfontosabierevségének ddnszerepe van. Kovetke-
tényezje a nucleusban uralkod6 hidrosztatizésképpen a teljes porckorbatal, gyengén
kus fesziltségi allapot megszse és a nuc- degeneralt allapotaban rendelkezik a legki-
leus keményedése. E két tédl@ryegében a sebb fligdeges nyomasi merevséggel, vagyis
nucleus folyadékszeallapotanak a szilard az instabilitasi kockazatratal, gyengén de-
halmazallapotba val6 &attérésének letétengéneralt porckorongnal a legnagyobb, majd
nyese. E két 6sszeddnatasanak az elkiloni-a degeneracios folyamat tovabbi fazisaiban a
tett elemzése kizardlag numerikus szimul&erevség és a stabilitasi esély Bkigrgan
cidval végezhétkisérleti Gton nem. ndvekszik8. abra)Valdban, a teljes porcko-
rong merevsége az 6t degeneracids fazisban
A degeneréaciés folyamat kezdeti szakaszamiategy 2400, 1900, 2600, 5100 és 13000 N/mm
hidrosztatika meggaésének a hatasa domi€rtékben valtozott. Schmidt és munkat&rsai
nal, a folyamat tovabbi fazisaiban a keménkanutattak, hogy a porckorongsérv, a disc pro-
dés a dord Ennek oka az, hogy hidrosztatitapsus efordulasa a gyengén degeneralt porc-
kus fesziltségéllapotban csak folyadék letetrongokndl a leggyakoribb, mig a kézepesen
szilard anyag nem, és mivel a nucleusrasakvagy sulyosan degeneralt eseteknél egyre ke-
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vésbé fordul & Tang és munkatarsbsze- diumban a legkisebb, deforméacitja a legna-

rint a gyenge degenerécio instabilitashoz vezgtobb, kdvetkezésképpen a porckorong komp-Lu
de a tovabb &0dadegeneracio javitja a staresszidos merevsége, ellenallasa ekkor a legk

bilitdsi esélyt, mert a porckorong merevségbb, ami a szegmentum instabilitAsahoz, sé
gyengén degenerdlt esetben a legkisebbiliésekhez, fajdalomhoz veisital felrdt
a tovabbi degeneraciéval egyre noévekskibrban. Ez a magyarazata annak, hogy a de
Adams és munkatars&isérletei azt mutat- rékfajas, a sokféle porckorongbantalog els
tak, hogy a 40-50 évesek sérvre hajlamos caddsan ezt a generaciét sujtja. Ezt bizonyitja
ver porckorongjai nem voltak degeneralta&ender és munkatarSaianulmanya is, mi-
mig a sérvre nem hajlamos porckorongskerint a hazai reumatolégusok és balneol6-
sulyosan degeneraltak voltak. gusok tapasztalatai szerint a discopathtas be
tegek oroszlanrészét a 40-55 év kozotti po
Numerikus szimulaciéval igazoltuk, hogy aulacio képezi.
nucleus teherbirasa gyengén degeneralt sta-
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Abstract

Typical mechanisms and specinjuries of people involved in roadrtradccidents are pre-

sented. Injury patterns specio occupants of vehicles with enclosed passenger compartmen%as

well as unprotected participants obtrgpedestrians, bicyclists, motorcyclists, etc.) are groupedh
x

ECHANIKAI KONFERENCIA — A-0055

Injury severity clagsgiation, treatment planning and outcome prediction is usually done ba <):d
on various scoring systems, both internationally and in Hungary. The enormous nhumber of guch
scoring systems make a thorough sunmyidibnd conversion among these scores has Iimita-E_
tions. However prehospital care providers and hospital emergency staff need a “common lan
guage”, preferably a system that utilizes the advantages of scoring systems. There is no unifot
practice of this communication and data transfer in Hungary now, that is why part of the impor-
tant data from the incident scene might not get to the hospital together with the patient.

The documentation of prehospital care providers both in Hungary and abroad are discussed an
analyzed. Score systems in prehospital and emergency medicine, as well as outcome predicti
measures are covered. Data collection schemes especially the Utstein-Style for documentir
major trauma and the German MIND2 (Minimale Notarztdatensatz, minimal prehospital care
data set) are also presented.

A suggestion is introduced for the data content of prehospital documentation, so that it could
further help hospital admission and care. The main aspects of the suggestion ape road traf
accidents, because the creation of such a widely accepted and used document (a prehospi
patient report form) requires a team of experts from various — mainly medical — specialties. Tech
nical aspects, such as digital data collection are also covered. Future directions of developme
are named, too.

Keywordsroad trabc accidents; prehospital care; emergency medicine; scoring systems; patient
report form

Introduction Road trdfc accidents become more and more
common, that is why various efforts are made
Accidents are an epidemic in our fast-pacéal,reduce their number and severity. Injury
motorized era. Injuries and the consequemtechanisms, typical patterns and severity
and dénitive loss of health are an enormoumuld be examined and relationshifsee.
Pnancial and political problem for societies dlhese analyses and statistics might further
over the world. help tobne treatment protocols, so that the
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best possible ways are used throughout patiapired is at least 50 million. The majority of
care (on-site prehospital treatment, hospiiajured and dead are pedestrians. More the
admission and taitive medical attendance,85% of victims (and 96% of dead children) is a
and later on rehabilitation) to provide besitizen of low- and middle-income counties.
outcome. WHO (World Health Organization) forecasts
trafbc accidents to be the primary cause of pre-
Communication between prehospital camature death and permanent impairment of
providers and admitting hospitals needs ahildren of 4 years and older by 2015. This
upgrade in aspects of transmitted patient datsidden epidemic” is going to cause a crisis in
as well as circumstances and characteristidghefpublic health system. Predictions suggest
the accident. today’s 1.3 million RTA deaths per year to
reach 1.9 million by 2020. Commission for
A brief overview of road afaccidents and Global Road Safety claims that global, regional
injury mechanisms specito such events isand national development of public road traf-
given. Prehospital care, documentation ree could prevent 5 million deaths and 50 mil-
quirements, scoring systems and data colléoA serious injuries in a year worldwide by
tion schemes are discussed and analyzed2G20.
help consider a new prehospital patient report
form with modern data content, processability
and ease of use. Injuries Related to Road Tkadf Accidents

Human body is a complex system of tissues
Road Tralbc Accidents with various mechanical properties. Damage

resulting from impacts of certain magnitude,
Road trdfc accidents (RTA) are as old adirection and duration on the human body
mankind. The severity of injuries from RTAdepend on properties such as elasticity and
is in proportion to the “development level” aksistance of individual tissues and organs.
vehicles. So long as people walked, it was &eside general governing laws there is a huge
ier to avoid a triat accident and the conseeffect of individual variations, that are partly
quences of accidents were milder, comparedoasequences of inherited factors, are acquired
the emergence of vehicles. The introductionlike illnesses, however the role of age, general
animal power, and later on mechanization sighysical and mental status could neither be
nibcantly increased accident and injury riskseglected. When a certain body part is injured,
Spread of motorization together with increatissues with different properties get different
of people’s need/urge to locomotion causggimages.
signicant changes is trafhabits. The rise of
speed and the congestion of roads resultediuring impact there is a sigonant amount of
enormous growth of tkaf accident occur- energy transferred to the injured person in a
rences. In the beginning of the 1960s US Presudally very short time. The amount of energy
ident John F. Kennedy said, that Kcadicci- transferred could be estimated in view of the
dents are one of the greatest, perhaps the greathanism and circumstances of injury. In
est of the nation’s public health problems”. road trapc accidents the speed of the vehicle at

the time of impact is in direct connection with
RTAs are responsible for the death of at lethgt vehicle’s kinetic energy. Vehicle’s speed at
1.3 million people yearly, the number afmpact could be estimated from deformations

10




Biomechanica Hungarica lll. évfolyam, 1. s:

of vehicle body. Statistics show that a deforrfram relatively simple suffusions, to more seri-
tion greater than 35 cm usually cause serious haematomas under the skin or inside the
injuries, a deformation over 50 cm is usua#iigull. Blunt forces might cause contusion,
lethal for the person involved. These data @@mmotion, compression or crush, multiple
not universal, just an estimated averadegctures, nerve and spinal lesions. Special so@
because vehicle type, construction, mass tsslie damage is the usually closed decollez
materials vary largely. ment, its more serious form is however an X
open injury (degloving). It is usually the result &
Kinetic energy transferred to the persaithe body or extremities getting stuck between®
appears as a shock wave at contact. Endingyroad surface and the relatively elastic tireld
transfer produces cavitation, shock wavenisving tangentially. Compartment syndrome %
transmitted by particles in tissues and holl@sises when tissue pressure increases in musck
organs. Cavitation is either temporary or p@empartments of extremities. Typical injury g
manent. Energy transfer depends on tlpatterns of inner organs are contusion, com-g
amount of particles involved, composition ofotion and rupture, especially of liver, spleen, <
bodies in contact, and area of contact thatuegs and kidneys, and perforation of stom- =
connected to the shape and position of theh, intestines and bladder. Secondary rup-<r
object. Typical examples are luplted with  tures occur sometimes days after the accident
compressible air, the gastrointestinal systirading to a serious life-threatening situation.
partlyPlled by air, vascular system and bladdarbody cavities (skull, thorax, pleural cavity,
plled with non-compressible liquid, liverpericardium, mediastinum and different parts
spleen, kidneys and muscles p&itgd by of the abdominal cavity in relation with the
liquid, as well as solids in bones, road surfageritoneum) not only blood, but air might
steel, etc. cause space-occupying lesions, that compress
organs in the affected body cavity. Fractures
Energy transfer might induce blunt or penete bone injuries when the continuity of bones
trating injuries. Blunt injuries do not penetratgets broken. Fractures can have both internal
tissues, cavity is generated farther from #ed external origins. Latter are magnitude,
impact site, in impact direction. Penetratingdjrection, duration and speed of increase of
injuries as the name suggests break throdgice causing the fracture. Internal aspects are
tissues, cavity is perpendicular to the directitie bone’s energy dissipation capacity, elastic-
of the penetrating object that damages tissitgs density, and resistance against fatigue
getting into its way. breaks. Dangers of fractures are severe blood
loss, nerve- and vascular injuries and infec-
Some injuries are claZsil as open wounds oftion. Fractures have various dasdions
mechanical origin ranging from simple abravailable, e.g. dislocated or not, closed or open,
sions to cuts, stabs, conquassations, often imuaber of broken parts, shape of the fracture,
combined form. When there ibra, burn of amount of collateral soft tissue damage, etc.
different severity might appear on the botiyjuries of joints connecting bones range from
surface and inside airways. Smoke and cheauntusion, and distorsion to luxation. Vascular
cal inhalation are a risk too. Electrical injuriesjuries occur when the continuity of blood
might also cause burns and life threateningssels is damaged, and result in bleeding.
heart rhythm irregularities. Mechanical effectfiree main groups of them are direct and
might lead to injuries and tissue damageslirect vascular injuries, and chronic dam-
without visible bleeding. Closed injuries rangges as consequences of traumatic injuries.
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Oedema appear usually at the site of and neareased breaking distance, time to avoid the
to the injury. Such space-occupying procesaesident, magnitude of destructive forces,
in the skull are life threatening, because intrseverity of injuries and probability of death.
cranial pressure increases rapidly. Kinetic energy is proportional to the square of
velocity, the faster the speed, the shorter the
Injuries can be clabsd based on their num-reaction time, distances and time of effects of
ber and extent. Monotrauma is the injury ébrces. A small difference in speed is a huge
one body part, multitrauma is multiple injudistinction in injury severity.
ries. Multiple injuries apply to polytrauma
too, however polytrauma has qualitative attfihe spread and development of motorization
butes compared to quantitative. Accordimgsult in new types and combinations of inju-
to Tscherne polytrauma is the simultaneouigs in road tr&t accidents, the number of
injuries of multiple body parts or organ sypelytraumatised grows. Typical injuries have
tems, among which at least one injury 6o be graded to help prehospital care providers
a combination of injuries is life-threateninghoose the appropriate facility, where treatment
Most polytraumatised patients have serioigsorganized along spexiprotocols, to safely
injuries of body cavities (skull, thorax, abdpredict outcome, as well as to serve bcienti
meny. Ahnefeld’s extension is also valid ihata collection, processing and comparison.
prehospital and emergency medicine, namely
certain life-threatening monotrauma (isolatethe knowledge on the course of the accident
intracranial or severe thoracic injuries) hasgapports diagnostics (and later on therapy),
be treated as polytrauma, because other, onbeause the knowledge of typical injury mech-
scene invisible injuries can not be excludadisms help to look for or exclude damage
with absolute certaiftyAuthors of a recent spedpcally. In oxyology (prehospital emer-
study categorized polytraumatised as patiegency medicine) victims of roadbiaécci-
suffering such (mostly) blunt injuries of muldents belong to either the protected or unpro-
tiple body regions or organs, that disturb ndected grougsProtected are drivers and pas-
mal function and consequently lead to funsengers of vehicles with enclosed passenger
tional disturbances in other, non-injuredompartment, that shields occupant from
organs. Morbidity and mortality is higher inlirect impact. Unprotected participants of traf-
polytraumatised than the summed morbidityc (pedestrians, bicyclists, motorcyclists, etc.)
and mortality of their individual injuries.are covered only by their garments.
Major cause of death after polytraumatisation
is the vicious circle of the lethal triad of hypti-is obvious, that similar mechanisms cause
thermia, coagulopathy and acidosis. more severe injuries in unprotected participants
of trabc, and polytrauma is more frequent
In trafbc accidents forces proportional to tremong them, than among members of the pro-
rate of speed change, namely acceleratioriested group. The evaluation of WHO under-
deceleration, the mass of vehicle and injungids this thesis, it lists children, pedestrians,
people cause deformation not only in the vehieyclists and elderly as the most vulnerable.
cle, but might lead to injuries of various sever-
ity (in extreme lethal) in people. The reasdn a road trdd#c accident the vehicle usually
why injuries occur are either directly or indslows rapidly down before stopping, while
rectly the increase in kinetic energy. The rigeople inside it continue to move with their
in speed and kinetic energy are responsiblednginal speed, because of their inertia. Forces
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acting upon occupants are proportional ®uspension system gets damaged, and orga
change of speed, and their direction is g@re injured because of the repeated hits.Ww
erned by the area of collision. During collisidrocalized brain oedema appears below thepi
driver and passengers suffer injuries in maaace of impact (coup) or farther from it (con- =
than one phases. During primary collisiotre-coup). Q
vehicle’s speed changes suddenly, however <
occupants’ speed does not. Passive and adtivedriver is usually in a more favorable situ- X
protection (safety belts, airbags, etc.) decredsm than the front seat passenger, becausé
occupants’ original speed, however when tteie usually perceives the situation sooner, an
are not present or not applied, then parts of thay better prepare to avert it. Head and chest
vehicle body that the occupant hits take wpback seat passengers hit the upholstered se
their role. The sudden change of speed has Hiek, causing sigauiantly milder injuriesthan @
ferent effects on body parts and tissues of vdaishboard, windscreen, steering wheel andg
ous physical properties and attachments. Téwlumn A. When the head of an unrestrained >-
effect of impact and injuries depend upoagck seat passenger hits the head ofarestraineg
whether the occupant was the driver or a frdrdnt seat passenger, both suffer severe hea&
seat passenger or someone sitting in the biaalkma. Typical injuries of back seat passen-‘r
row, as well as s/he perceived the accident gjers are severe pelvic injuries, fractures and
ation in time and whether s/he was able to puislocated hip. When front seat occupants not
tect her/himself as al3ex action or volun- properly use safety belts or do not use at all,
tarily, or by chance s/he was asleep with totteeir injuries are more complicated, especially
less muscles. when airbags Bate.

FER

Sudden deceleration makes lower limbs with case of a rollover accident unrestrained
tightened muscles hit the dashboard (frootcupants fall out, suffering further severe,
seat occupants), dashboard and steering oftien life-threatening injuries. When the occu-
umn (driver), or the back of front row seapmnt gets stuck under or inside the vehicle s/he
(back seat passengers). Contact areas suifght suffer crush injuries. By side impacts
soft tissue damage, tightened muscles ntgyical glass shard injuries of face, shoulder
lead to knee, thighbone and pelvic injurieand arm occur.
pedals are responsible for typical injuries, too.
Body’s inertia causes the head to swing f@enerally speaking motor vehicle occupants
ward, hit some part of the vehicle with resultuffer injuries in three levels: head, thorax and
ing facial and head injuries, while cervicabdomen, and knee-thigh-hip region.
spine is injured by hyj®exion. Next the tho-
rax dashes forward, resulting in extensiRedestrian accidents were analyzed in connec-
bone- and soft-tissue injuries. Cervical spitien with hit speed, and a sigrant relation-
hyperextends and typical whiplash injurghip was proven between hit speed and injury
arises. The next phase is the repeated forwsaderity. Over 40 km/h life-threatening inju-
motion of head and torso, aggravating heaigs are expected, over 60 km/h death is almost
abdominal, thoracic and extremity injuries. imminent. Beside hit speed, there are a num-
ber of other factors to concern, too. Probably
Organs suspended in body cavities and the most important is the pedestrian’s age, and
brain in the hard skull boost forward fronm tight connection with it the state of the skel-
the sudden deceleration, than bang baekal system, its rigidity and elasticity, the even-
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tual osteoporosis, and the frequency of injunght) side. When a bike turns in front of
complications. Injury severity depends not justmotor vehicle its rider suffers similar inju-
on the magnitude, but the duration of impaaties, however secondary injuries are on the
There is a sightant difference in speed andame sides as the primary, because the biker's
mass and physical properties of pedestrian @ndy contacts the front side and bonnet of the
vehicle, kinetic energy could be enormoughicle.
Pedestrian’s “deformation” is highly complex,
and it has three phases: pedestrian acquifé® speed of motorcyclists is comparable to
the vehicle’s speed when contact is made, gtie- speed of cars and trucks, however the
ing a huge amount of extra kinetic energyrobability of death is almost 30 times that of
then usually the body separates from the vedteupants of a car. Size and mass of motorcy-
cle and after an airborne period crashes intsts is much less, and their garment provide
the ground and skids or rolls until stop, losingss protection than body and safety devices of
the kinetic energy. The third phase is occa-vehicle. Compared to pedestrians, bicycles
sional, the pedestrian might crash into and motorcycles with their riders on are
other object or is hit or run over again. Pedesistable systems. Motorcycles are sometimes
trian hits happen in a few seconds, that is whrgers of magnitude heavier, more powerful
victims do not have enough time to react aadd harder to control than bikes. Injury pat-
try to avoid the accident. terns are similar to those of bicyclists, but
knee, elbow and shoulder injuries are fre-
The mechanism of total frontal hit is describegient. Lower limb degloving injuries and
by Waddell's triad: thighbone fracture, intra&conquassations, severe fractures are common,
thoracic or intraabdominal injuries and heaaften resulting in the loss of the limb. Head
trauma on the opposite side. injuries are also common, however safety hel-
mets helped reduce the number and severity
Bicyclists suffer their injuries when they tipf head injuries since their wide-spread intro-
over, brake suddenly, or when a motor vehidlgéction. Thoracic injuries are also prevalent.
hits them. Different mechanisms might appeBurns from the hot parts of the motorcycle are
in combination, but magnitude and directioalso common.
of impact force and change of speed i®signi
cant to each of those. Primary collision is often
with a part of the bicycle, transmitting thBrehospital Care
force indirectly to the bicyclist. When the colli-
sion is is from the back, the bicycle accelera®eshospital care is organized around different
its driver falls to the motor vehicle or thé&chemes worldwide. These schemes integrate
ground and suffers injuries. The bike tumbléscal rescue and ambulance systems and health
upon its rider causing further extremity injuretwork in a various scale. In Europe rescue
ries. Handlebar and its equipment, brakes agérvices and ambulance services are usually
levers hurt hands. Handlebars might alsdearly separated. The so-called Franco-Ger-
cause severe abdominal injuries. Saddle aman model operates with highly skilled doc-
frame cause typical injuries in the perinetdrs (in Hungary oxyologists and other spe-
region in cyclists riding the bike. When a caialists) on site. In Anglo-Saxon systems pre-
overtaking the bicycle hits the biker from thmspital care is provided by well educated
left, the left lower extremity is injured and seggaramedics, who work by protocols with
ondary injuries occur on the cyclist's otheguipment appropriate to their skills. The
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basis of emergency care is the system of einetrafoc accidents severe injury has to be
gency departments and trauma centers. Hoassumed, when the pedestrian or bicyclist istl
ever simultaneous existence of personal aund over or hit the ground, was dragged, high i
objective terms are needed in both systespeed motorcycle or car accident happene
The main philosophical difference betwegat least 50 km/h with safety belt, at Ieastg
these to systems is “scoop and run” and “sk@ykm/h without safety belt or motorcycle, at
and play”. Today both principles are appliddast 5 km/h by bicyclists), fallingying out X
in a locallyptting proportion in a large num-of a vehicle, falling from a vehicle in motion, <Z,:
T
L
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ber of countries. turnover of a vehicle, victim is jammed (rescue
can take long and delaybmiéve care), indi-
In a trauma scene injury severity can ngct signs (severely damaged passenger co
always be determined because of circupartment, engine crushing into passenger com-m
stances (e.g. jammed victim), the relativgdgrtment, serious frontal axle dama@atéd 2
spare diagnostic apparatus (e.g. no on sitdag, death in the same passenger compart>-
imaging and laboratory) and the shortnessroént), fall from height (over 3 m), explo8ion. <
time available. Severe injuries are presum@dguick examination can also reveal severeE_
based on the suspected injury mechanigmuries: unstable thorax, fracture of two or N
determined by anamnesis and a quick lookrabre long bones and/or pelvic fracture, high
the scene, sidgriant changes in basic vitalimb amputation, penetrating abdominal, tho-
functions, injury patterns. Today Dr. R Adanscic, pelvic, neck or skull injury, smoke inha-
Cowley’s “golden hour of shock” refers rathiation and at least 15% of body surface with
to urgency and emergency in the care 2f- or 3%-degree burns.
severely injured, and not the strictly 60 min-
utes. Principles and educational systems of
ATLS® (Advanced Trauma Life Support®Scoring Systems
for in hospital providers) and ITLS (Interna-
tional Trauma Life Support for on site providScoring systems are used worldwide to assign
ers) are accepted and applied in a large nurne or more numbers to injury or illness sever-
ber of countries in the world. Checklists heify. There are three basic groups of scoring sys-
prehospital providers worldwide to choose tteans: anatomical, physiological and outcome
appropriate treatment strategy based on quiidsed, however in practice these categories can
and accurate decisions. Scoring systems rexe be clearly separated. Creating numeric
integral parts of some checklists. descriptors has more than one goals: the quick
handover of information on the patient’s status
The Methodological Guide of the Hungariarmnd the change of status during medical atten-
National Ambulance Service (Orszdgos Medance between prehospital providers and hos-
t &zolgalat, OMSZ) also refers to the mechgital staff helps choosing appropriate treatment
nism of the event leading to the injury assahemes (protocols), and later on it can be used
measure of injury seveftyjury mechanism in a scienkic study that uses statistics. Scoring
informs prehospital providers whether a higlystems have to be simple, quick, and should
energy, full body impact (run over, fall froraupport quality of treatment and outcome.
height, frontal collision, fall from a vehicle), or
the isolated injury of one or more body paf®day’s trauma scoring systems together with
occurred, as well as about priority of transpartatomical and physiological scales help out-
or on site primary care. come prediction. One application area is pre-
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hospital triage, however quality control anthve high face-validity and inter-rater reliabil-
assurance of groups of injured people, orgaty; be easy to use, allow quick and accurate
zation and development of trauma care syseasurements. These systems are mostly
tems also appear useful. physiological, while anatomical systems are
good for forecasting mortality and hospital
In the prehospital environment scoring sysare, as well as post-processing. The most
tems are primarily patient’'s assessment, maaely applied physiological scoring systems
surement and control of diagnostic and thefaave a minimal instrument need, could be
peutic efforts, outcome prediction and decisiquickly determined, supporting triage and
support in triage and therapy. Prehospital angpeated retriage.
emergency department scoring systems need
to be based on such general vital paramet&issgow Coma Scale (GCS) was developed to
that might be obtained throughout the wholeheck people with head injury. GCS 13 corre-
system of care. sponds to minor brain injury, GCS 9-12 is a
moderate, GCS 8 or less corresponds to severe
When a scoring system is applied, the patiefrain injury. GCS is the sum of three values,
complex and diverse data have to be compige opening (1-4 points), verbal response (1-5
into one or some representative severity mpaints) and motor response (1-6 points), rang-
sures (numbers). Scoring always means infiig from 3 to 15 points, the more points repre-
mation loss. Efforts for more and more exaenting better condition, however individual
mappings resulted in an enormous number @mponents are noted as well. GCS is widely
scoring system with advantages and disadvased both in prehospital environment and in
tages. Inaccuracy in mapping is partly becabsspitals. GCS 8 or less is indication for assisted
of patients’ different anatomical and physiologirway (endotracheal intubation and mechani-
ical characteristics. Exact outcome predictioal ventilation in most cases). Hospital admis-
(Eq. 1.)must refer to earlier medical problemsjon GCS has one of the most important prog-
that adversely affect patients’ healing resernestic values, however it is to be evaluated only
with additional neurological examinations.
A change of 2 or more in GCS points means
a signipcant change in the patient’s status.

outcome = function (anatomical injuries,
physiological injuries,
patient reserves)

(Ea.1) Revised Trauma Score (RTS) uses three param-
MedAL (The Medical Algorithms Projectleters, respiratory rate, systolic blood pressure
chapter 29 “Trauma & Emergency Medicineihd the sum of GCS points. All three param-
has 59 topics with 562 scoring syst@hnap- eters can have 0—4 points (worst-best), the sum
ter 38 “Forensic Medicine” has 44 topicsf which is the RTS value. RTS of 11 or less
among which only one (“Evaluation of Transndicates transport to a trauma center. RTS
portation Accidents”) has only onebradcci- is hard to determine when exact GCS and
dent related scoring system (“Findings Thapontaneous respiratory rate is not available,
May Identify the Driver in an Automobile obecause the patient is intubated or is under
Pilot in an Airplane Accident”). medications, alcohol or drugs.

Everyday practice uses a lot less scoring Eyfects of injuries depend on many parame-
tems. Prehospital trauma scoring systems hivrs, quantity of tissue damage, physiological
to safely identify high- and low-risk patientsgsponses to the injury and other aspects, such
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as age, physical status, etc.. Tissue damageecally used documents of the National Ambu-
be clasbed with the anatomical Abbreviatethnce Service and the volunteer Ambulance
Injury Scale (AIS) and its descendants. ICBervice of the Hungarian Maltese Charity Ser-
(International Classtation of Diseases) basedtice. One of the documents used by both orga=
systems help in outcome prediction. There anieations is the so-called log sheet, that con—g
more detailed scoring systems for organs &aids mostly technical details (name, addressz
organ systems, such as AAST (American Assficthe patient and the description of the prob- X
ciation for the Surgery of Trauma) and AQém, times, distances, materials used). Prehos-<Z,:
OTA (Arbeitsgemeinschaft fir Osteosyntheital care is documented in a prehospital 5
sefragen, Orthopaedic Trauma Associatiopdtient report form. Legal regulations govern W
scales. the handling and keeping of these (and other §
connected) documents. o
Abbreviated Injury Scale (AlS) was created g
in 1969 by American Medical Associatioio strengthen the link between prehospital 6
(AMA), Society of Automotive Engineers arahd institutional care, new uniform adminis- <
Association for the Advancement of Automwation schemes should be used to provide hos-E_
tive Medicine (AAAM). Since the publicatiopitals with every possible details of the circum- N
of thebrst AIS version, the International Injunstances of the injury, as well as details of pre-
Scaling Committee (IISC) organizes its devéiospital and in-transport care. This link is
opment. AIS uses a severity score of 1-6 (Igpposed to provide and develop professional
to severe) for seven body regions, with 9 asstaedards of patient care, and could help clear-
measure of unknown severity. Injury Severityg legal aspects (e.g. complaints).
Score (ISS) is also an anatomical scoring sys-
tem, that uses AIS severity points (1-6) andite prehospital patient report form of OMSZ
is used to classify people with multiple injus an A5 sized paper with both side# (Big-
ries. ISS uses 6 body regions and has a disagl-1) Data content is not very extensive, the
vantage of considering only one injury pésrm has to bélled with handwriting and
body region. New Injury Severity Score (NIS8)ere is not much help in the form of checklists
corrected this problem, more than one seriarsd drawings. The only scoring system used is
injury in the same body region can be tak&CS. The main characteristics of this form is
into account. written information.
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Figure Zhows the prehospital patient report
Data Collection Schemes form of the Ambulance Service of the Hungar-

ian Maltese Charity Service, that provides a
Quality assurance and documentation acempletely volunteer, but professional high-
strongly connected, thest provide that the level ambulance 4 days a week in Budapest.
latter maintains its function, documentatioihis single A4 sized form is more user-friendly
serves the basis of quality assurance. Until fiteen the point oPlling out, quite a number
end o the 20 century there was no generadf checklists and a traufpgure are present,
demand to prepare fact-based studies on quahere injuries can be marked. Originally it
ity and dbciency of prehospital care. had two copies with carbon-paper technology,

so that a copy could remain with the patient in
In Hungary ambulance care documentation ke hospital.
regulated by law. Currently there are two gen-
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Figure 1Prehospital patient report form of the National Ambulance Service

When a patient is handed over in a traunaad contains enough and relevant information
center or emergency department in Hungamhout the patient, the mechanism of injury (or
some institutions require thH@ling out of illness) and the prehospital treatment for hos-
their own A4 or A5 size patient registratiguital admission. Data collection and statistics
forms, reporting the prehospital events, disghould also be included in the scheme in the
nosis and treatment. In other institutions parisng run, which is inherent to a well organized
of these data (what happened, when and whei@)n, that has a number of checkboxes and
is recorded by an administrator and additiorsglection lists.
more detailed verbal description is given to the
doctor who admits the patient. Other hospitafsehospital documentation has multiple over-
require a narrative, they usually give a piecdagfping components. Structured data content
blank A4 paper and the leader of the amhbuelps minimizing overlaps, support electronic
lance team writes about the what, when, whel&a storage and processing, and last but not
(happened) and about treatment. least helps on site providers by securing logical
diagnostic sequences. That is why protocols
The variety of documentation, and the multivere developed in accordance with these goals.
ple recording of patient data, especially phy&ir example of a Franco-German prehospital
ological parameters and treatment raises a e system was chosen, because Hungarian
tiPable demand on the development of a umirehospital care is organized along this
form patient report form, that is both a prehoseheme. In Germany DIVI (Deutsche Inter-
pital documentation for ambulance servicdsziplindre Vereinigung fur Intensiv- und
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Notarztdatensatz, Minimal Prehospital Care
Data Set) appeared in 1996, followed by
MIND2 in 2003. MIND’s contents map the
DIVI protocaol, it has a structured format, and
is suitable for each ambulance unit levels fromg
basic to highest. Patient registration forms =
based on MIND2 are widely used (when nec-
essary with local médiations), can be used as
a transfer documentation and facilitate data
recording on computers. DIVI has a patient
report form, that uses MIND2 as its basis,
however it contains slightly more data, than
that MIND2 requires.

NFERENCIA — A-0055

MIND?2 is an XML-based (Extensible Markup
Language), hierarchical text document, trans- <
parent to and editable by both humans and com-
puters. Core data come from multiple sources
(e.g. prehospital care providers, hospitals). Part
of data covers circumstances of the incident
(scene, etc.), ambulance characteristics and
Figure 2Prehospital patient report form of ~ some information about the hospital. Patient
the Ambulance Service of the Hungarian Maltesend prehospital care data is covered in a time-
Charity Service line structure, utilizing scoring systems as often
as possible. MEES (Mainz Emergency Evalua-
Notfallmedizin, German Interdisciplinarytion Score) is used, which covers individually
Societyfor Intensive and Emergency Medimarked physiological parameters and other
cine) coordinated the development of the umata (age, consciousness, GCS, systolic blood
form national protocol for high-level ambupressure, ECG, heart rate, respiratory rate, oxy-
lance units (the ones with a doctor or a collaggn-saturation, pain according to the visual
graduate paramedic) in 1991, and in 1994aitalog scale, blood sugar level, respiration char-
was followed by the protocol for basic lewadteristics, etc.). Diagnosis is listed according to
ambulance units. A large number of emerrgan groups. Trauma cases cover number and
gency services use these protocols from gieerity of injuries (monotrauma, multitrauma,
beginning. Their success is proven by trangtalytrauma), type (blunt or penetrating) and
tion to various other languages. In 1994 véyeation. Injury mechanism (fall from height,
sion 4, in 2000 version 4.2 came out, the lagiedestrian, motor vehicle occupant, motorcy-
did not cover structural changes, just optilist, bicyclist, other mechanism) and time of
mized some details. injury are covered too. Resuscitation data are in
accordance with the current Utstein-template.
Documents, and patient report forms based ©nerapy can be chosen from the listed 30 inter-
the DIVI protocol have a uniform data strucrentions. Medications can be detailed in a time-
ture that is the result of collaboration of eatihe scheme. On-site and handover score values
professional bodies working in connectidrelp evaluate patient’s status and the effects of
with prehospital care. First MIND (Minimaleinterventions during prehospital care.

MAGYAR BIOMECHANIKA
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German company DokuFORMhttp://  sets. Utstein-Style is continuously revised and
www.dokuform.de/)produces ambulanceupdated since then, and new areas have Ut-
patient report forms in accordance with DI\Atein-Styles developed in the meantime (Pedi-
4.2 (MIND2) both as mass prod{iggure 3), atric Advanced Life Support, major trauma,
and according to speciindividual needs. drowning, etc.). The Utstein-Style for Major
There are traditional and modern paper-bas@étauma appeared in 1999, as the result of the
versions, the latter to blked with a digital extensive work of International Trauma Anaes-
pen to facilitate quick and exact data storahpesia and Critical Care Society (ITACCS).
and transfer. DIVIDOK®-Online is a client- This version covered prehospital and early
server system to store these forms, that cahdspital phases, previous illnesses and out-
scanned oblled with a digital pen. During come prediction in an object-oriented model
patient admission in the hospital a copy of teucture. In accordance with earlier Utstein-
patient form is ready to be handed over togetteanplates this template has Core and Optional
with the patient. data variables. Model elements are divided
into bve categories, one about the healthcare
Theoretical and clinical experts of meelgs network, one about the patient, data about
collaborate in the ongoing knowledge baseatment and outcome, as well as ethical
development of injury prevention and resuseispects, documentation and methodology.
tation. Their work resulted in the UtsteinType, severity and mechanism of injury, the
Style (or Utstein-template) for out-of-hospitalite where it happened are all recorded. Pre-
resuscitations, in 1990. Utstein-Style contalmsspital and in hospital provider data are simi-
uniform déenitions, terminology and datalar to those in the resuscitation template.

Figure 3DokuFORM ambulance patient report form in accordance with DIVI 4.2 (MIND2)
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Patient data include age, gender, estima®dsnia-Hercegovina, Croatia, Denmark, Ger-
height and weight, previous illnesses, physiocany, Greece, Ireland, Italy, Macedonia, the
status, results of prehospital examinatiomdgtherlands, Norway, Portugal, Slovakia,
treatment, and other categories when neces&pgin, Sweden, Switzerland, and the United
(e.g. bicyclist, pedestrian, passenger of drivekiogdom). A 2007 EuroTARN study exam-
a vehicle, etc.) Documentation amethodol- ined whether it is possible to compare Euro-
ogy chapter covers data collection technigqpesn trauma registries. The result was positive X
(e.g. GPS — Global Positioning System datanimal additional infrastructure is needed to <Z,:
for time and location). The purpose of thieuild a web-based system for this task. Thereg
1999 Utstein-Style for major trauma was dasaa wide support across Europe, to make com-
collection and statistical processing. This gpalrisons of btiency and outcome. The vari- %
was not met, because there was no internaticetgl of national trauma registers urgeiscani o
consensus about application and applicabilitign, which leads to a uniform data set, coding g
besides the amount and nature of required datides, inclusion and exclusion criteria. Utstein-
were to complicated. A revision followed Btyle is such a scheme. Its 2007 revision is no&n:D
2007 as a collaboration of some of the madbnal version, the system is contlnuously
important European Trauma organizationschecked and updated when necessary.
Scandinavian Networking Group for Trauma

and Emergency Management (SCANTEM)ConcIusmn

TARN (Trauma Audit & Research Network)

from the United Kingdom, the German Sociaccording to literature review and the study
ety for Trauma Surgery (Deutsche Gesefif solutions form various countries, and our
schaft fur Unfallchirurgie, DGU) and theireyeryday practice in ambulance work and in-
trauma register (DGU-TR), and the Italiathospital trauma care, we concluded that the
National Register of Major Trauma (Registigew patient report form for Hungarian ambu-

|ntI’aOSpeda|iel’0 Multil‘egionale Traumi GraVil,ance services should follow these aspects:
RITG). The revision resulted in only one

inclusion criterion (New Injury Severity Score logical setup, transparency, support for diag-
[NISS] value of 15 or more), 5 exclusion crite-nostic steps
ria, and 35 exactly sfrd and compulsory — support for scoring systems
core data variables divided into 3 groups. Cereasy tbll with drawings and lists
data variables were chosen in accordance witinjury mechanisms are detailed
the following considerations: they have to baoad trdfc accident specialties are drawn
unambiguous and easyHlb Core data vari- (a schematic car, where location of injured,
able groups are Predictive models (23 variablegpllision sites, etc. can be marked)
System Characteristic Descriptors (8 variableggverything “compressed” into one document
and Process Mapping (4 variables). (single or multiple pages)

— paper-based version, with the support of
National trauma registers are established irlectronic data processing
quite a number of countries worldwide, how- a (carbon-)copy could be handed over with
ever the comparison is extremelpcdit the patient in the hospital, or ideally can get
among their data. A typical trauma register iso the hospital before the patient with an
UK’s TARN , which served as a model for theslectronic communication system
EuroTARN Group having 18 member statesdata content in accordance with reanimation
at the time of this writing (Austria, Belgium, and other spdet registers

Al KONFERENCIA — A-0055
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— legal and ethical aspects fully covered  circumstances. Patient report form has to cover
—equally emphasized documentation fdhe professional principles of prehospital care,
traumaand illnesses (neurological, cardiowith data relevant to examination and treat-
logical, etc.) ment methods and devices. Integration of pro-

tocols helps provide uniform high-level medi-
Data content has to be a consensus of maayattendance, and ensures that no important
disciplines and professional bodies. It is impdiagnostic or treatment phase drops out.
tant to study international examples and local
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Abstract
The operation is unavoidable in a certain part of patients suffering from arthrosis. The copfact
surfaces of wide-spread applied human knee joint prostheses can be described with simpig ge
metrical elements. The relative motion realized by knee joint and as its results the stability g the
whole body is harmonic ensured by complicated condyle surfaces. For this reason the impiante
prostheses comply with requirements limited and it causes additional load on the diseasecgoon
tissue. According to observations at the fastening of the prostheses the bony tissues %cow
inBamed which after some years need new operation. N

GVECHANIKAI KONFERENCIA — A-0024

At present it is a general aim in biomechanics to create a better mechanical model of human kne
joint which can approach the natural motion and on its basis to make new prostheses. The motiol
of the human knee joint have been studying by many biomechanical research groups for decade
The problem is very complex and spefcom technical point of view. The cause of complexity

is partly the elaborateness of elements, partly the typical rheological properties of the componer
(bones, cartilages and other soft tissues).

Authors as members of the Szent Istvan University Biomechanical Research Group in order t
describe the motion of knee joinbrat joined coordinate-systems on the basis of anatomical
landmarks to the femur and tibia moreover joined a three-cylindrical mechanism as mechanical
model to the axes of coordinate-systems.

The aim of the investigation is to determine the six independent kinematical parameters of tibia
compared to thexed femur durinBexion and extension. The experimental examinations were
carried out on cadaver knees in cooperation with doctors of Szent Janos Hospital. The position
ing was tracked by optical positioning appliance. Needed parameters can be obtained from th
recorded data determined by the kinematical model.

Considering the irregular shapes of femur and tibia the anatomical coordinate systems can b
joined with more or less position mistake. The aim of this paper is the determination of the effect:
of position mistakes on kinematical parameters.

Keywordsknee joint; kinematical model; optical positioning; accuracy; sensitivity investigation
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Introduction The visual examinations were based on marker
technique to sign single points or axis of the
Different constraints enable relative motion ektremities delineating their motion. In spite
joined rigid bodies referring to each other. Tlod that the newly introduced techniques devel-
constraints depending on their shapes have oped in an enormous numbers in the last
or more degree of freedom. In case of joints tleeades e.g. the radioldgyyqroscopy, three-
degree of freedom cannot be always determirdichensional CT, MRI, stereophotogramme-
It is expedient to treat the human knee joint &ry, ultrasound, etc. most of the results were
six degree of freedom because of its complicat@etliable, inconsistent with other published
shape. In this case to the precise descriptiodatt?*>° The range of the tibia out and in-
motion achieved by knee joint we need sixtation along thBexion-extension motion of
independent position parametérs the knee had been established by different
authors as between 5 up to 17 degrees, more-
In recent years the number of kinematicaler the character of this diagram is vatfable
models of anatomical joints has increased.@m the basis of difference of published results
case of certain models so many researcltessquite dibcult to establish exact character
have measured and described joint moticoncerning the motion of knee joint.
with less than six degrees of freedom. Obvi-
ously the treatment of six degree of freedmthod
models is the most liiult. The motion of

human knee joint can be described by fono‘ﬁ([;thors developed a special appliaréé?
ing components: TheBe.X|on—extenS|.on- 'S'in order to make a serial experiments. The aim
depned around the medio-lateral axis, intef; yhem was the determination of change of six
nal-external rotation around the tibial axis aqﬂdependent kinematical parameters of tibia
the abduction-adduction around the anterioEéhin bone) compared to femur (thigh bone)
posterior foating) axis. The medio'l""ter""lduring of motion of human knee joint. From
translation is measured along the medio-latefgl joq data needed parameters can be deter-
axis, proximal-distal translation along the tibiﬁ#ined by the aid of kinematical model.
axis and antero-posterior translation along the
mutually perpendicul&oating axis. To the presented sensitivity investigation it is
necessary to determine anatomical landmarks
Description of motion components in such @h femur and tibia moreover coordinate-sys-
way a little bit subjective. In order to descrigims joining to the determined anatomical
the motion components precisely it is needggdmarks. Details of this process can be found
to join coordinate-systems to the femur angl paper of Katona et!&f415 Considering
tibia consequently. the biological characters of femur and tibia the
optical positioning of anatomical landmarks
In recent decades to measure kinematigah be achieved with more or less position
parameters of human knee joint differemistakes. The aim of this paper is the determi-
methods have been developed. In these meftion of the effects on kinematical parameters

ods it is measured and processed the motiogfoposition mistakes durifigxion-extension
markers fastened to femur and tibia referringdphuman knee joint.

each other. In vitro mechanical investigations
are mainly phantom or simulated computekuthors on the basis of current international
models or cadaver motion experinients standards and conventions (e.g. from the Inter-
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Figure 1Position of anatomical coordinate-sy3gYyZ joined to femur in coordinate-system
(cadaver lying on his back, investigated right leg, view from medial side)

national Society of Biomecharlizaging the

above mentioned anatomical landmarks joined

coordinate-systems to femur and tibia. Determining coordinate-system joined to ana-
tomical landmarks on tibia: Needed data for

At brst to the processing of recorded positioordinate-systexyz (in appliance):

ing coordinates it is necessary to take the anapex of the head of thtmula(hf),

tomical coordinate-system on anatomicalprominence of the tibial tuberoity

landmarks of femur in coordinate-sysiem— distal apex of the lateral and medial malleo-

(fsin the appliance, joined to femur rigidly) lus(kb, bb).

(Figure 1).

4. MAGYAR BIOMECHANIKAI KONFERENCIA — A-0024

The origin of the anatomical coordinate-sys-
Needed data determining anatomical coordem (OJ coincides with middle point of line
nate-syster( Y Z, (in coordinate-systefg:  between distal apex of the lateral and medial
— centre of the femoral hé#g malleolus. Unit vectors of axes of coordinate-
— medial and lateral epicondyis., F.)- systems can be obtained as results of next vec-
tor operationg~igure 2):
The origin of this anatomical coordinate-sys-
tem (Q) coincides with middle point of line
between medial and lateral epicondyles. Axis
X, of coordinate-system is on the line pointed
out by point©, andfh (Figure 1Vectorv,
is between medial and lateral epicondy[pes.
During motion investigation of knee joint we
Unit vectors of axes of coordinate-systems f@dlow the change of position of coordinate-
be obtained as results of following vector opgystem ts joined to tibia compared to coordi-
ations: nate-system fs joined to femur. We had to
describe anatomical coordinate-systems in
coordinate-systems joined to femur and tibia
for the sake of following: in this way the posi-
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Figure 2Position of anatomical coordinate-systgmjoined to tibia in coordinate-systsm
(cadaver lying on his back, investigated right leg, view from medial side)

tion of anatomical coordinate-system joineditowhich the transformation matrices
tibia in anatomical coordinate-system joine€[T o which contains six position parame-
to femur will be known. ters describing the position of anatomical
coordinate-systeX;Y,Z,) joined to tibia
If the anatomical landmarks on femur andin coordinate-systets,
tibia are determined with some position mis-[T ,, . ] which contains six position param-
take the kinematical parameters of knee joineters describing the position of coordinate-
will be modped. These kinematical parame- systemts in absolute coordinate-system
ters can be obtained by the aid of three-cylintXYZz),
drical mechanism put in between the above{Tabs_fs]—1 inverse transformation matrix
debned anatomical coordinate-systems. which contains six position parameters
describing the position of coordinate-system
fsin absolute coordinate-sys{&iZz),
Three-Cylindrical mechanism - [Tfs_o']‘linverse transformation matrix which
contains six position parameters describing
Putting the origin of coordinate-systeivi,Z, the position of anatomical coordinate-sys-
(without modpcation of direction of axes) temX Y Z joined to femur in coordinate-
into the origin of coordinate-systeyz_unit systents.
vectors will be the followings:
Transformation matrikT ,_J can be written
down in another way:
The position of coordinate-syst&gY,Z. in
the coordinate-systexyY Z, is described by
the next matrix-equation:

[T 0—3] = [T ts—3] [T abs—tJ [T abs—f:J _1[T fs—d -
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Figure 3Three-cylindrical mechanism with théded coordinate-systems (extended position)

wheree, ,, €4, €-are unit vectors of a¥gs  according to the special geometry of knee joint.

Y3, Z;in coordinate-systeX)Y Z and vector On the basis of published recommendations
I'oz contains the coordinates of origin of coarextdata are proper approachizg: 2=90°,
dinate-systenX,;Y;Z, in coordinate-system 0=0°,1,=I =l ;=0.

XY Lo

In case of similar spatial structures the
called Denavit—HartenbefigD) coordinates
can be appliefFigure 4)The advantage of
the application of HD coordinates: the tran
formation matrix contains — instead of six
four( 4, d, |, £) variable physical quantitie
joining to geometrical characters of bodies &
their constraint.

In Figure 3 th&lD coordinates can be seen i
extended position of the leg. In the mechanismFigure 4Connection oith andi+1 th bodies
L 1, (i=1,2,3) can be adjustable optionally and joined coordinate-systems
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The application of the model enables the c#tis reason the anatomical coordinate-systems

culation of following quantities: joined to anatomical landmarks have more or

— 4, —Rexion, in drawn positiédhdegree, less position mistake as #ellhe following

— 4, — ab/adduction, in drawn positioranatomical landmarks must be measured:
90degree, — centre of the femoral hé,

— 4, — rotation of the tibia, in drawn positior- medial and lateral epicondyRs,, R.),
Odegree, — apex of the head of timula(hf),

—d,, d,, d; — moving on accordant axes. — prominence of the tibial tuberogiy

— distal apex of the lateral and medial malleo-
On the basis of approaching= 3=90°, lus(kb, bb).
0=0°, 1,=I =1 ;=0 for the kinematical chain
of Figure 3he following matrix equation canThe optical positioning of above mentioned
be written down wherg o, aare unit vectors anatomical landmarks was made by a special
of coordinate-systeX,Y,Z, in coordinate- appliance using pointer. The position mistakes
systenX,Yy,Z, andP,, R, P, are coordinates of middle point of femur, apex of the head of
of origin of coordinate-syst&iY,Z,in coor- thePbula and prominence of the tibial tuber-

dinate-syste Y Z,. osity cause small angular mistakes because
o s 0 o s 0 these point are located relative far from origins

€osq, U sing cos o U sin, of coordinate-systems.

sin 4 0 Scos1 0 sin 2 0 Scos 2 0

o 1 0 d 0 10 d The origins of coordinate-systems are deter-
0 0 o0 1 0 0 o0 1 . . .

mined between epicondyles and apices of the
lateral and medial malleolus therefore the

cos3Ssin300 n o a R . . o -
sin cos, 00 _n o a p effect of position mistakes on position and ori-
03 03 14 ° ny Oy a Py entation of coordinate-systems is quitebsigni

0 o o 13 66 a0 1 cant. Considering the different shapes of

investigated cadaver femur and tibia and posi-
Roots of equation systed, 4, 4, d, d, tion mistakes of measurements — depending
d;, which determine precisely the position @in cadaver ones — more or less different kine-
tibia compared to femur. matical functions can be obtained.

As brst step of sensitivity investigation the
Sensitivity investigation of results positions of epicondyles were tfpedi in
coordinate-systerfis step by steft2 mm)
As results obtained kinematical parameteygproximately in the vertical plgRgure 1).
and diagrams depend partly on method lof second phase the position of apices of the
measurement and anatomical specialtieseral and medial malleolus were frediin
cadaver however principally on determinaeordinate-systeis step by steft2 mm)
tion of coordinate-systems joined to femapproximately in the vertical plane as well
and tibia. (Figure 2).Difference from basic function
(thickened curve) can be seefigure 5-6.
Considering the irregular shapes of femur afithe basic function contains some mistakes
tibia the anatomical landmarks can be detdrecause it was calculated from measured
mined with more or less position mistake fdata.)
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Figure 5Effect of modfication of position of epicondyles on kinematical functions
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Figure 6Effect of modiication of position of apices of the lateral and medial malleolus on
kinematical functions
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Conclusion able depending on position mistakes of epi-
condyles.

As result of sensitivity investigation the follow-> The shapes of ab/adduction diagrams are

ings are established: strongly deformed.

— TheRexion-rotation an@exion-ab/adduc- Summing up it can be established that the —
tion diagrams depend strongly on positiarsing of anatomical coordinate-systems enables<
mistakes of determined coordinate-systerttee comparison and generalization of results <ZE
for this reason it is important to determinef different motion investigation of human I
the anatomical landmarks. knee joints. On the basis of above mentioned itL

— The cause of mduiation of diagramshsst  can be decided which parts of obtained result%
of all the position mistake in direction oére acceptable certainly which parts and itsm
Y axis of epicondyles. conclusions need chary treatment. By more @
o |ts effect can be seen G@elegree ifexed precise prescription of taking up of anatomical >

position. In this part the diagrams areoordinate-system the comparison of resultsg
approximately linear, their gradient varican be intenised. =

Al KONFERENCIA — A-0024
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Abstract

Aims:Even though several publications are available and experiments were done in the topic ¢
the mechanical properties of vessels there is no data for special veins like coronary veins. Pre
ously a few rectangular coronary vein parts had been examined and the results show that probal
there is a difference between the transversal and longitudinal direction of coronary vein. The air
of this study is to investigating the differences in the mechanical properties of the two direction
with in vitro tensile tests.

Method:Coronary veins from six pig hearts were tested within one hour after explantation. Five
transversal and nine longitudinal coronary vein samples were prepared from these hearts ar
kept in physiologic solution until the tests. The samples were evaluated in 37 °C physiologic solt
tion with tensile equipment and the force-displacement curves were recorded. Based on the:s
curves and the tearing results the longitudinal and transversal tensile strengths, relative extel
sions and Young’s modulus were calculated.

Results:The evaluation squarely proved the differences of mechanical properties between
the longitudinal and transversal directions of coronary vein samples. Transversal direction ha
higher elongation properties (248+117% vs. 137£37%) but lower resistance to mechanical load
ing (0.99+0.16 MPa vs. 2.55 = 0.46 MPa) than the longitudinal direction.

Conclusion:The experiments are successfully investigated the mechanical differences of coro
nary vein directions. These are important parameters, because in case of special application t
maximal elongation capability and the maximal force that the vein can tolerate without injury
had to be known. With the result of these experiments the maximal loading concerning to coro
nary veins can be modelled. However there are still question to answer for example the individu:
role of the different layers of coronary veins which is not known during the mechanical testing.
Further investigations are necessary to perform in order to have a complete analysis of mecha
cal properties of coronary veins.

Keywordscoronary vein; mechanical properties; in vitro testing
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Introduction There are some similar investigations that
concentrate on the blo8dw simulation of
Recently a new kind of in vitro testing of corthe vessel systems (Molnar F et al. 2005; Till ﬁ
nary vein was published (Balazs et al., 20@8)l., 2004; Till S et al., 2004) but these don't%
with limitations and raised questions regarfbcus on mechanical properties on the com-
ing to the method. It was necessary to carry plete modelling of blood circuit in arteries and
because the previously performed vessel exaegms as well.
inations tested only saphenous veins and arter-
ies from different areas of the body. The litetzarge coronary veins are placed on the outerL
ture of mechanical properties of blood vessisface of the heart between fat and pectorald
are quite large and it is already known that theuscle and the elongation mainly possible %
arteries can be modelled as two-layer modi diameter increasing. This suggests that them
(Holzapfel GA et al.,, 2000; Holzapfel GAnechanical properties of longitudinal and &
et al., 2002; Matsumoto T et al., 2002) and aismsversal direction of coronary veins could >
founded that blood vessels have incremertaldifferent. 9
Young’s modulus even if they were investi- E
gated both for laws of elasticity and laws Infcertain developments the initial data should ~
viscoelasticity (Xiao Lu et al., 2004; Fung Yi&& the mechanical properties of coronary veins
et al. 1995). It is also well known that the wallich as the development of left ventricular
thickness and isobaric elastic properties of yaiicemaker leads or electrophysiology diagnos-
grafts increase after a few days and rearratigeeatheters that are placed in the coronary
ment of the elastic structures occurs (Monos&n. From the view of electrophysiology and
et al. 1995; Jenny S et al., 2006). pacemaker leatdxation mechanisms, it is
more important to know the maximal force
It is not enough to have experimental resuéted stress that may cause coronary vein dissec-
for arteries from all over the body becausens. This maximal force can be determined
the structural differences between arteries dnydtensile tests. The force required to tear a
veins cause differences in the mechaniozterial and the amount it extends before
properties as well. It is well known that thearing are point of interest. Typically, the test-
vein has three layers. Hrst is a strong outering involves taking a small sample witheal
cover of the vessel and consists of conneatiess-section area, and then pulling it with a
tissues, collagen and elastices. The second controlled, gradually increasing force until the
one is the middle layer and consisting smoatmple changes shape or breaks. Analysis of
muscle and elastiebres, which is thinner force-displacement or strength-relative strain
in veins. The third one is consists of smoathrves can convey much about the material
endothelial cells. These three layers have thoeang tested, and it can help in predicting it's
different mechanical properties and three difehaviour.
ferent behaviours under mechanical loading.
The aim of this investigation is to evaluate the
Monos and his colleagues investigated tthiéferences between the mechanical properties
elastic modulus of different veins based of transversal and longitudinal directions of
the Laplace—Frank equation (Monos E 2004)oronary veins with in vitro tensile tests.
They used intravascular pressure to measure
the tangential elastic stress and the relative dis-
placement.
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Methods that cold storage for 24 h did not affect vascu-
lar reactivity of blood vessels.

Six pig hearts were received from slaughter-

house and had been delivered within one hotiie diameters of coronary sinus (CS) were

after explantation to the Semmelweis Univdsetween 4 and 5 mm. Longitudinal and trans-

sity in physiologic solution (Baxter Rdia versal samples were prepared. Optimal size

Natrium Clorid 0,9% “Bieffe” infusion). Cor-would be 5 mm width and 10 mm length with-

onary veins were prepared form these heants$ side branches. Finally 9 longitudinal and

immediately after receiving from slaughteb transversal CS sample were prepared and

house and kept in a physiologic solution unsitored in a physiologic solution until the test-

testing. The total time between explantatiang. The length, width and thickness of pre-

and testing phase was less than two hours.pared samples were measured immediately
after preparation and recorded together the

Bartels-Stringer M et al suggest that aftesculated cross sectiffable 1).

3 hour storage in physiologic solution and

normal saline solution, contractile and relafthe longitudinal direction waskted as the

ant vascular responses are similar in isola@egitudinal plane of the vein and the trans-

saphenous veins (Bartels-Stringer M et alersal direction was perpendicular to this, the

2004 and Boerboom LE et al., 1992) proveldne of crosssectigtigure 1).

Transversal samples Longitudinal samples

Sample Width ~ Thickness Length Cro_ss Width  Thickness Length Cro_ss
a (mm)  h (mm) I (mm) section | a (mm)  h, (mm) I, (mm) section
Ay (Mm?2) Ay (mm2)

1 6.30 0.55 9.87 3.47 6.60 0.38 22.53 2.49

2 6.10 0.48 9.97 291 8.83 0.34 17.87 2.97

3 6.37 0.47 10.87 2.97 8.10 0.40 18.53 3.21

4 6.70 0.52 7.97 3.48 6.80 0.40 16.10 2.74

5 5.90 0.40 8.93 2.36 7.73 0.53 22.30 4.10

6 — - - - 6.77 0.42 23.53 2.84

7 - - - - 7.83 0.48 19.07 3.76

8 - - - - 9.03 0.48 17.70 4.37

9 - - - - 8.93 0.43 15.77 3.87

Mean+Cl | 6.27+0.35 0.48+0.06 9.52+1.30 3.04+0[47 7.85+0.80 0.43+0.05 19.27+2.38 3.37+0.55

Table 1Width, thickness, lengths and cross sections of the rectangular vein samples

The tensile tests were performed at Budapest
University of Technology and Economics,
Faculty of Mechanical Engineering, Depart-
ment of Polymer Engineering with Zwick
Z020 tensile test machine.

A new type of grip was developed, because the
previously applied grips abdation modes
Figure 1Debnition of sample directions caused the sample rupture just &ixation.

(1: longitudinal; 2: transversal) Two different types of surfaces were used in
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Figure 2Testing equipment:

1- direction of tensile force; 2 — upper clamp;

IA — A-0032

original surround and after every single testing ©
phase it was drained via the plug and replace
with new 37 °C degree physiologic solution.

Tearing tests were performed Wwited lower
camp and a moving upper camp with a con- =
stant stretching speed about 20 mm/min. The X
distance between the grips was 5 mm in cas
of the longitudinal samples and it had to be T
decreased because of size limits to 3 mm foi
the transversal samples. These distances we
used as the starting lengtp) flor the relative
extension calculations.

Al KONFEREN

GYAR BIGMECHAN

Maximal force and the inherent travel distance &
values from the recorded force in function of E
displacement curves were used as initial valuesY

3 — grips; 4 — vein sample; 5 — physiologic Of the calculatior(Jable 2).
solution on 37 °C; 6 — plug; 7 — lower clamp
Relative extension as it shown in Equation 1
one grip fobxating the coronary vein partsis the percentage of elongation during the ten-
one side was silicone and the opposite vgéde test. It was calculated as the ratio of the
reticulated metal. This combination of matestarting distance and the displacement.
rials was appropriate and thation was sta- L
ble. H — 100% Q)
I‘O
A 37 °C degree physiologic solution (Baxtéthere isH-relative extensiong+ starting
Vial3o, Natrium Clorid 0,9% “Bieffe” infu- length, 'L — displacement (recorded by the
sion) was use(Figure 2)to modelling the test machine during test).

Transversal Longitudinal

Sample Displacement Maximal force Displacement Maximal force

'L, (mm) Fimax (N) 'L, (mm) Fimax (N)

1 11.16 3.76 6.25 5.94

2 4.22 3.19 7.31 7.05

3 11.03 3.29 5.84 9.54

4 6.95 3.39 7.60 4.94

5 3.90 1.68 10.06 9.50

6 — — 4.57 8.66

7 - - 6.33 11.68

8 - - 9.10 9.27

9 — - 7.37 11.18
Meanz=Cl 7.45£4.17 3.06+0.95 7.16x1.4 8.64+1.89

Table 2Travel distance and maximal force values for longitudinal and transversal samples based
on the force-displacement curves
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Typically the cross section at the time of ruphe initial parts of the curves were identical,
ture is necessary tdede the tensile strength.showing the same elastic properties. On the
In case of veins only the starting cross sectiarves of the 1, 4 and the 9 samples there were
was available because after tearing the nenegzhes which could be connected to the par-
sary sizes at the time of rupture couldn’t bienal tearing of fat tissue which can not be
measured. To evaluate the maximal strengtiengate as much the vein layers can. Except
(tensile strength as it is shown in Equation #)ese three curves, the others had continuous
can be tolerated by the veins, the recoraadning-up, elastic phase until the maximum
maximal forces and the previously calculatfdces and the maximal tensile strengths were

original cross section was used. reached. At the point of the maximum loading
F the veins had therst injury and after that a

Vv = (2) fast dive was observed in all of the cases. The
A reason was the damage of the strongest layer

Where isV- tensile strength, E — maximal and a much lower force was needed to keep
force (recorded by the test machine durititge elongation.
test), A— original cross section.

As the vein consists of three layers and fat tis-
To evaluate the elastic properties it wase on the surface, after a certain elongation
important to measure the degree of the elastity the tearing force of fat tissue was recorded.
deformation of veins under loading. Based @dhese parts were removed from the curves in
the tensile strength and relative extensidfigure 3.
the Young’'s modulus (elastic modulus) of the
coronary veins had been estimated with Equizesting of transversal samples was much more

tion 3. complicated because of the smaller sizes. Dif-
| ferent curves of the samples were received
E - (3) (Figure 4),basically two types were repre-

sented. Therst type what could be connected
Where is E — Elastic modulu¥,— tensile to the 2. and 5. samples was similar to the lon-
strength,H- relative extension. gitudinal curve characteristic. The others had
different running up phases with slower
Each prepared coronary sinus sample wasreasing of the strength. Injury of the vein
successfully evaluated. Hxation mode was happened at the peak of the curves where is
proved to be stable howevertifst transver- the maximal loading and the end of the elastic
sal sample seemed to be instable. The forgghase. Slow decreasing trend was observed in
displacement curves were recorded and the loading force and strength after the dam-
tensile strength in function of relative exteage caused by the maximal load.
sion curves were made based on the previously
debned equations for the transversal and loBased on the recorded curves and the de-
gitudinal directions of coronary veins. Pned equations the relative extension, ten-
sile strength and elastic modulus of the coro-
nary veins were calculated and detailed in
Table 3.
Tensile strength in function of relative exten-
sion curves for the longitudinal samples werkere are differences in the mechanical prop-
preparedFigure 3). erties of the longitudinal and transversal sam-
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Figure 3Tensile strength — Relative extension curves of longitudinal samples

Figure 4Tensile strength — Relative extension curves of transversal samples

29

4. MAGYAR BIOMECHANIKAI KONFERENCIA — A-0032



Biomechanica Hungarica lll. évfolyam, 1. szam

4. MAGYAR BIOMECHANIKAI KONFERENCIA — A-0032

Transversal samples Longitudinal samples
Sample Relative Tensile Elastic Relative Tensile Elastic
extension strength modulus extension strength modulus
iH(%) \ (MPa) E, (MPa) H(%) V (MPa) E, (MPa)
1 372 1.09 0.29 125 2.39 191
2 141 1.10 0.78 92 2.37 2.56
3 368 1.11 0.30 117 2.97 2.54
4 232 0.97 0.42 152 1.80 1.18
5 130 0.71 0.55 201 2.32 1.15
6 - - - 91 3.05 3.33
7 - - - 127 3.11 2.45
8 - - - 182 2.12 1.17
9 - - - 147 2.89 1.96
Mean+Cl 248+138 0.99+0.19 0.47+0.30 137+31 2.55+0.38 2.03+0.64

Table 3The calculated mechanical properties of coronary veins

ples. The averages and the standard deviatjons
of the mechanical properties were calculated

for the two directions. First of all the relatiye
extension was almost twice higher for the
transversal direction.

The tensile strength of the transversal sample
was less than half of the longitudinal sample
and the Young's modulus was almost the
quarter of the longitudinal direction.

In order to have the visual comparison bet-

ween the two directions, one longitudinal and

one transversal curves were chosen closest

to the average of the calculated mechanicgilgure 5Comparison of the longitudinal sample

properties. Finally the sample 4. of transversal and transversal sample characteristic

direction and the sample 9. of longitudinal

direction were compared in one diagrathe injury and the maximal strength were

(Figure 5). reached. The curve was mugétter and
extended in case of the transversal sample than

Based on the comparison it was obvious thfa longitudinal.

the longitudinal samples need higher force to

tear than the transversal, but they had worse

relative extension and worse elongation prdpenclusions

erties. There is another important issue, the

question of damage. The longitudinal sampl&&e results obviously prove the mechanical

after the maximal loading had a fast dive adiferences between the longitudinal and

complete rupture, but the transversal samplemnsversal properties of the coronary veins.

had a plateau phase and kept the strength afteese are important parameters, because in
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case of special application the maximal elaral role of the different layers of coronary

gation capability and the maximal force thaeins is not known during the mechanical

the vein can tolerate without injury had to kesting. These questions should be investiga-

known. ted in order to have a complete analysis of the
mechanical properties of the coronary veins.

The mechanical properties of the coronary

veins were tested andcded however there

are still some questions. The elastic phas€C@fict on interest statement

the zone wherein the veins don’'t have any

kind of injury and if the loadings stopped thé/e wish to cdprm that there are no known

vein retakes again it's original size. Howewvaicts of interest associated with this publi-

it is not known whether the veins are able ¢ation and there has been no baitbnan-

reshape after loading or they remain in tlogal support for this work that could have

extended size reached by testing. The individBuenced its outcome.
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Introduction the bone tissue, in this way the adherence ofm
the implant to the bone tissue can be increasedX
A widely known fact is that the number AAll of these procedures try to ensure the most>-
joint damage caused by osteoporosis — datrorable conditions for the bone tissue byg
standingly that of the fracture of the femordéveloping the surface structure of the implant. E
neck — is constantly growing. Favorable surface structures can be developed
by using alloys of favorable grain structure in
In addition to several factors among the causasterial, with special surface machining and
there are the unfavorable side effects of mdxyji-applying additional layer on the surface of
cines, which are indispensable in case of ¢he implant2
tain diseases, but as a side effect they weaken
bones. Taking this fact into account the sociihe above-mentioned procedures — although
health importance of the growing lifetime afertainly will measurably increase lifetime —
the implanted joint implants and its economidrave not led to breakthrough (digantly lon-
Pnancial sigticance is very great. ger increase of lifetime) in the past 25%fars

We have started our research — which may be
Justbcation of development regarded credible on the basis of the demon-

strated in vivo animal experiments — in a dif-
The lifetime of different metal-based implanterent direction. In mechanical practice, theo-
used in medical practice is basically determtically connection types are divided into two
ned by the extent of adherence to bone tissyresips: force and shape closing connections.
(excluding their fracture, of course). Todaur goal was to create a connection between
one of the most important tasks of implatite implant and the bone tissue with suitable
developers is to reach the possible strongestmetric characteristics, which, compared to
and most durable contact between bone tissthes previous methods, in shape closing way
and implants. It is well-known that the micromncreases its stability by an order of magnitude
motions developing between the implants afttirough bone tissue growing fully into the
bone tissues under load lead to the degrashaplant.
tion of bone tissues, which necessarily will
result in the replacement of the implant. ~ We have developed an implant of interna-

tionally new integration range, where in course
Nowadays there are several procedures, whitlchanging loads of different ways of life, as
promote the possible greatest embedmentafesult of very complex, heterogeneous load
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conditions developing in the vicinity of th&he implants were made of Ti6A14V-ASTMF
implant, bio-analogous, transformed state caB86/ISO 5832-3 bio-compatible basic body
develop in the integration range. On the suend titanium structure of ASTM F 67 mate-
face of the created implant of integratiomal. The integration structure was made with
range there are notches of different forms astdmping die. Regarding the basic body and
directions, on that surface there is a micro-létie structure, we have tested assemblies with
tice structure (Patent: registration numbeeveral geometric parameters. The control of
P0401232, catalogue number 225906). the elasticity features, assembly stability, beha-
vior under load of the basic body and the inte-
Following implantation, different load ori-gration structure made in this way (including
ented bone tissue parts develop in this inteditge control of implant bodies which are analo-
tion range, based on our examinations thggus to bone growth, cast with epoxy resin)
indicate 100%lling (growing in). was carried out with tensile — compression
tests (experiments) in the Accredited Labora-
tory of BME Biomechanical Cooperation
Method Research Centre (Identity No.: NAT-1-1614).

Qur research-development was f:arried Piscussion
in four work phases. Thst: planning and
preparing the implant of integration structurBigure 1.shows an example of the elastic
(basic body + structure), then their in-vitrdoehavior of the integrated structure using
stability examinations under bone analogolrsstron 8872 universal servo-hydraulic test
conditions. The second one: producing amdachine.
preparing pre-in-vivo implants, and surgery
plans. The third one: building test implants . ;
; : . implantation.Figure Zhows an example of
into sheep (32 implants, 16 sheep), into femyr,. . .
' \at in cadaver environment.
upper arm and thigh bone places. The fourth:
taking out the built in 32 implants, detailelVhen preparing the integration structure, an
examinations of their state of implantatioimportant task regarding theal surface fea-
evaluation of results. tureds to avoid the exaggerated immune load

and blood circulation load. Therefore we have

re-in vivo experiments were carried out for

a) b) c)
Instruments to determine Instruments A typical diagram of radial elastic behayior
radial elastic behavior on the pressure plate
of the loading machine

Figure 1Determination of the elastic behavior of the implant structure
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ment and animal husbandry application to the
Animal Hygiene and Control Station in the
capital (Budapest) indicating the outstanding
human justpcation of the experiment series,
highlighting the lifetime problems of big joint
implants. (The permission was given for sheep
as operation subjects.)

In case of each animal, before implantation

A — A-0064

previously prepared surgery plans. (We haveO
attached a detailed research plan to our experi-d

OMECHANIKAI KONFEREN

Figure 2Pre-in vivo implantation experiments hematological and bio-chemical data sheetsm

in cadaver environment were made about each animal and their heartX@

. <

action was recorded on ECG. 6

to solve the removal of non-desirable micro- I
=

scopic surface particles coming from manuf&igure 4. ahows a picture about a phase of the

turing technology. To this end electrochemicaperations, whilBigure 4. shows the X-ray

post-machining was deemed to be suitablellowing implantation. The implantations
were carried out between March and August,

Figure 3shows the microscopic image of 2007 in seven phases.

surface machined with electrochemical treat-

ment. Following building in (operations) of joint
implants, promoting bone recovery with grad-

Merino sheep have been used for the in-vival, moderate, physical motion is the routine.

experiments of implants, which have been

implanted into the locations of upper arm anthe promotion of bone recovery, however, by

femur. The operations were performed isp-called oriented foods is unknown in human

PRIMAVET animal hospital on the basis ahedical, veterinary and animal feedfielgls.

a) b)
Surfaces before Surfaces after
electrochemical machining ($0 electrochemical machining ($0

Figure 3Surface features developed with electrochemical machining
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a) b)
Operation phase of building in implant X-ray of built-in implant

Figure 4Building in implant and X-ray

Regarding our project, we deemed it expedi€he sections for microscopic examination were
and prospective to carry out primary expeprepared by ISOMET 1000 precision cutting
ments also in thizeld for sheep. machine. Several sections from bones were
made that the building in of the implant basic
Since no sciert experiment is known inpody and the integration structure could be
this subject, oriented food supply based on t@&mined under different environmental ven-
most important mineral and vitamin needsys access and different bone structure condi-
of bone recovery and bone building was p@ms. It was necessary since X ray indicating

vided for sheep (this time we will not go inignly planar position about the implants was
details in thiveld). at our disposal.

FO”Ong |r_nplant op_erat|ons each she ne bone/implant sections were made approx-
stayed in anllmal hospital for 5 days for_ me nately perpendicular to the axis of the imp-
cal observation. We can co-nclude and it JU385t that the bone integration could be exam-
pes the success of operations that all them]e§j in the whole periphery of the implant.
animals were transported in good post-opera-

tive condition to open-air site in the countr)i..he implant/bone pictures indicate that inte-

The operated animals did not show any ne%_ation, the growing of the bone into the inner

tive behavior during the whole period art of the lattice-like structure constituting
' part of the implant on the side of the implant
The bones containing implants were taken d§tcomplete in the whole range.

continuously after 7-11 months.
(BMS 143 stereo microscope was used for the

The 32 bones containing implants were shaictures with digital camera.)

ped by cutting as they are needed mainly for

mechanical preparation of microscopic €X8agyits

mination sections, safe gripping and also for

making them suitable to be gripped with grigigure 5shows the incorporation sections of
unit made by us into test machine for pull-ounplants marked 5 and 9 as examples in 1:1
examination. and 45 times magnifying.
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M 1:1 scale M 45:1 scale
a) Section pictures of implant marked 5
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M 1:1 scale M 45:1 scale

b) Section pictures of implant marked 9
Figure 5lncorporation of implants following their removal on the basis of pictures taken about the sections

Then, the load bearing capacity of bone inteead was increased until connection among
gration, the behavior of implant under loabone integration developed with bone incor-
and the upper limit of load were examined. poration, the implant and the bone was bro-
ken.
The bones containing implants were shaped
by cutting for these examinations that thehe speed of load was 0.01 mm/sec.
“outer” end part of the implant would become
free. The diagrams show the displacement of imp-
lants from their original positions as a function
Gradually growing load was used for this el load until connection-breakage from the
part. (The other, inner ends of the implantsone surrounding the implant.
were in the medullary cavity.)
Figure 6shows the load taking capacity of
(This load direction is similar to the physiamplants marked 1 and 4 as examples.
logical load direction of human medullary
cavity implants.)
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a) Implant marked 1 b) Implant marked 4
Figure 6Determination of load taking capacity of implants with compression examination

The diagrams irFigure 6indicate that the poration bone for human purposes is about
loading limit of implants was between 360 dbuble, its incorporation length is 5-6-fold of
and 550 N. This difference comes from tliee implants examined previously.
fact that the four implants were in bone tissue
parts to different extents. Since the mediufo this extent the loadability of the implant
diameter of the integration range of the impf integration range according to the project
lant is 6 mm and the length of the part inteneans a capacity of load limit between 3600 N
grated by the bone is 15-20 mm, the measurad 5500 N (of 351 kg and 541 kg mass).
load limit values are very high. These load
limit values are quikd very high since incor-On the basis of the microscopic examination
poration of bones in 90% took place in spaeries according to the previous pattern and
giosus(-like) bone. load testing diagrams, we can conclude that
the developed joint implant structure of s patial
These results, extended to huipeld, can be integration range ensures smooth blood sup-
interpreted in the following way: ply, in this way undisturbed ¢=sitionthro-
ugh full biological bone incorporation and it is
The diameter of the implant part of intermeable to take very great load.
dullar position, which has contact with incor-
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Abstract
Low back pain is one of the leading causes of disability. Exercise therapy is a managemer%strz
egy that is widely used in low back pain. The aim of our study was to investigate the resifis c
standard and enhanced exercise therapy. 15 patients who had low back pain were involve@n tl
study, none of the patients had had spinal operations beforerdngimip the patients did the >
exercises every day at home. The patients of the second group did the exercises 3 times<a w
For the biomechanical measurement we used the Spinal Mouse, a computer associated ?pvic
based on electromagnetic impulses. For estimating pain we used the 3D pain question?iaire
(West-Haven-Yale Multidimensional Pain Inventory [WHYMPI]).

In the outline analysis there was aBggmit rise in the capacity (p<0,05) of the thoracic spine.
By combined analysis of the two groups ibrtliggroup the rise of the capacity in the lumbar
region after one month was very intensive. Legscaigninvers ratio was found between the

rise in the capacity of the lumbar spine and the percental change of the pain.

The results show, that though the lumbar stability arrdribgs level in the more active group
is signipcantly better, it doesn’t result in greater decrease of pain.

Keywords:pain score; stabilisation training; biomechanics of the lumbar spine; pyschological
status; Spinal Mouse

Introduction Patients and methods

In our research we have investigated the resR@ispatients who had low back pain were
of standard and enhanced physiotherapy iivolved in the study, none of the patients had
patients with low back pain. The study wdsd spinal operations before or had symptoms
aimed at biomechanical factors, range aff radiculopathy or any other neurological
motion, psyhological factors and painscagymptoms. 5 out of the 20 patients were
According to the literature we have suspectexcluded because of noncompliance. The 15
that the different intensity of spinal-stabilizgpatients, 8 male (mean age 36 +5,4 years ),
tion exercises results in improvement of sympfemale (mean age 32,3 £5,5 years) had mor-
toms differently. phological disorder (discopathy, disc degener-
ation, protusion or instability) in one segment
only. The morphological disorders were
proven by computer tomography or by MRI.
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Neurological involvement (lumbar stenosis pr
compression), systemic disordef&nmma-

tory disease and obesity (BMI>31 &y/m
were exclusion criteria. The patients were ran-
domised into two subgroups I/a and I/b. Both
groups took part in weekly exercise sessions for
one month on spinal stabilization, where they
learned exercises of increasiriepdify every
week. In group I/a (10 patients) they did the
exercises every day at home. The patients of
group I/b (5 patients, 5 patients sceded from

the study) did the exercises 3 times a wagek.

We assessed the patients once a week before
and after training.

Measurement and parameters

For the biomechanical measurement we usefigure 2The measurement of thoracic kyphosis
the Spinal Mouse, a computer associated and lumbar lordosis

device, based on electromagnetic impulses.

The device senses thBaléon of the levels ofand their relation to each other were evaluated
the spinal processes as it moves along the lspithe Spinal Mouse. The kyphotic angle is
nal column. The data is forwarded by bluenarked by +, the lordotic by the — Higig-
tooth to a PC. The measured values are pue 1, 2).

cessed by the computer, and based on stan-

dardized data, the mesaured data are repdexing the study we used the axial endurance
sented in 2-3 dimension. The position of thest and the Matthias test of the set. The valid-
vertebrae, the functional shift of the vertebrég,parameters of Spinal Mo(Bgure 3).

Figure 1The kyphotic and lordotic angles
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Body weight Man Woman
<55 kg = 2ul5kg 21,0kg
56to70kg = 22,0kg 21d,5kg
71to85kg = 225kg 2R,0kg
>86 kg = 2Ww,0kg 2R5kg

Figure 4Scale of weight

The results were compared with the stan-
dardised results of the normal population,
which werebxed into the software of Spinal

Figure 3The variability and reproducibility of Mouse. This standardised daterds a nor-

the Spinal Mouse mal range, we used the limit values and the

median value of this range. The axial endur-

During the study we used the functional testafice capacity of the spine is characterized by&

the set. The validity parameters of Spinalchange of bend and deviation of the angles,=

Mouse(Figure 3). evoked by strain. (M2-M1) N

MAGYAR BIOMECHANIKAI KONFERENCIA — A-0058

The Spinal Mouse was calibrated byaZEBR-}% analyze the changes in time we used the
ultrasound-based measuring method W"il?ext parameters:

WINSPINE software. The accuracy and thg. 4aviaton from the normal value (+, - 0)
reproducibility of the method were appropri- in degrees

ate, because the maximum value of intraqﬂi deviaton from the median value (+, —,
server variation is 0.97 degrees (18.8%), that of 0) in degrees

interobserver variation is 1.54 degrees (27.]&3@. thoracic spine

The maximum value of the average differenlce lumbar spine

between the angles determinoed by the t#g- the difference between the measurement
methods is 1.62 degrees (26.6%). before (T1) and after (T2) training (T2-

During the measurement we marked the spi- 11 *» — 0) in degrees

nous process the C7 vertebra, and the lumBo- Prst measurement

sacral link, we drew a line between these tfjo 1ast measurement

points, above the spinal processes from CPR§: the difference between Rt and the

the sacrum. Therst measurment was per-  ast measurement (+, —, 0) in degrees
formed with the patient standing in an upright

position with his arms down. On the secorfldUling the measurement we analyzed the
measurement we gave the patient stand§hfnges of the correction angles during strain
weights, the patient held the dumbbells f§M2-M1). In thebrst measurement se(ieg-

30 seconds, with his arms raised at 90-degrdtd We assigned the difference of the values
We performed the measurement after 30 sggtween thérst and the last measurement

onds whilst the patient still held the weigh?P€ (M2-M1) nm in the thoracic and the
(Figure 4). lumbar spine.

The main parameters that we measured wénethe second measurement series, as the level
the total thoracic angle [A(Th)] and the totadf taughtness, wekdeed the balance of the
lumbar angle [A(L)], by using expletive anglespine stabilizing muscle group from the mea-
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sured values before and after training DStatistical analysis

(M2-M1). We used the difference of the results

from thebrst and last measurements DbeDFor the statistical evaluation of groups I. and

(M2-M1) n,m. lll. the Kruskal-Wallis one-way analysis of
variance was used. We have calculated the
H-index from the sum of the Chi-square rank

Measurement of the pain and psychologicalnumbers, according to the degrees of freedom

involvement, group forming Il and 111 of the Chi-square we got the p values.

For estimating pain we used the 3D pain qudser the statistical analysis of the pain-scale the
tionnaire (West Haven-Yale [WHYMPI]), Spearman’s rank correlation bornt test

and only the part which applied speally to was used. After Rho statistical analysis by a
the pain (I/1, total score: 18) was taken inp@rmutation test, we got the value of P.
account. The percental change of the total

score demonstrated the amount of improve-

ment. Results

For the psychological involvement anxiety aihd the outline analysi@gure)(2T probe)
depression were measured with the Zung acoimparing the mean value (M2-M1) of the
Spielberger questionnaires, the patients wémst (2.25) and last (—1.5) measurements
divided into two groups, the psychologicalbf the thoracic spine. There was bramt
involved (llla) and the not involved (llib)rise in the capacity (p<0,05). In the lumbar

group. region the difference between the average
Patient’s Group| Change I?sicho— L Dbe Dbe Dbe Dbe DbeDT | DbeDT | DbeDT | DbeDT
code | La.b| of pain logical status(M1.M2) | (M1.M2) | (M1.M2) | (M1.M2) | (M1-M2) | (M1-M2) | (M1-M2) | (M1-M2)
) th,n th,k I,n 1k th,n th,n I,n Ik
1 1 6 1 0 5 0 0 0 -3 -1 -1
2 1 0 1 -9 -13 0 7 -8 -8 0 0
3 1 6 2 14 14 3 3 -8 -8 5 4
4 1 11 2 0 2 2 2 0 -2 -6 -5
5 1 6 1 0 5 1 1 0 -1 -3 0
6 1 11 2 2 2 2 2 -1 11 0 -2
7 2 6 1 0 2 0 6 -13 -8 -2 3
8 2 33 1 0 -1 0 -3 -6 -3 0 1
9 2 11 2 6 6 3 3 -1 -1 0 4
10 1 44 2 -8 -18 6 6 —4 -3 -1 -1
11 2 11 1 0 -5 1 1 0 2 4 4
12 2 17 2 0 -2 1 1 Nodata Noddta Nodata No gata
13 1 28 1 0 3 0 1 0 -1 —4 -5
14 1 33 2 -2 -8 -2 -5 -2 -5 -2 -2
15 1 | Nodata 1 11 11 0 0 7 4 -3 -5
16 1 | No data 1 -6 -6 0 -2 6 0 0

Figure 5SMeasured values
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value (M2-M1) of théorst (2.06) and the Summary
last (-0.06) measurement is not BiaTit
(p-value =0.14). The results show, that though the lumbar sta-
bility and thebtness level in the more active
We performed combined analysis of the tgooup is sigifcantly better, it does noBin
groups la (daily exercise) and Ib (trainingnce the improvement of the pain. There is a=
3 times in a week). In the group la, the riseadrrelation between the stability of the lumbar X
the capacity in the lumbar region after orspine and the level of pain, but there is no <ZE
month was very intensive [DbeDT (M2-M1)m]signbcant difference in the improvement L
(H=6.3112, df =1, p-value =0.01200). between the two groups who had different LW
intensity exercises. The psychologic factor als%
Less sigcant invers ratio was found betweatidn’t have sigbkcant impact. m
the rise in capacity of the lumbar spine
[Dbe(M2-M1)n] and the percental changén the long term, the daily exercises seems to>-
of pain WHYMPI: I/1. The results seem thave been more effective than exercises 3 tim
be on threshold limit of sigpency (Spear- a week, although the patients did improve =
man’s rank correlation rho —0.3391144, similarly in the short term. N
value=0.1285).
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COMPARISONOF BIOMECHANICAL CHANGES IN RESPECTOF
PAIN SCORESAFTER LUMBAR FUSION
Istvan Bors, Peter Paul Varga, Rita Kiss

National Centre for Spinal Disorders, Budapest, Hungary
borsach@freemail.hu

Abstract

Low back pain is one of the leading causes of disability, some patients don’t respond to consen
tive therapy, and must undergo surgery. The aim of our study was to investigate the results
lumbar fusion operations, especially considering the changes in the sagittal range of motiol
(ROM) in the adjacent segments, thoracic, lumbar region and pain. 13 patients were involved
who had lumbar LIV/V rigid fusion (TLIF) operation, and still had low back pain symptoms.
For the biomechanical measurement we used the Spinal Mouse, a computer associated devi
based on electromagnetic impulses. For estimating the pain we used the 3D pain questionnair
(West-Haven-Yale Multidimensonal Pain Inventory [WHYMPI]).

In the outline analysis we found that the decrease in pain and improvement of symptoms after
lumbar fusion is dmitely the result of increased thoracic segment hypermobility, decreased
lumbar segment hypomobility, decreased proximal adjacent segment hypomobility and, increas
of the distal adjacent segment hypomobility. The sagittal range of motion (ROM) of the whole
spine, as the hypomobility is corrected towards the normal ROM resulted in decrease of pain.
In conclusion we can notice when using semirigid systems for bridging adjacent segments, it
important to secure the hypermobility of the thoracic spine, and the mobility of the proximal seg-
ment.

Keywords:spinal mouse; lumbar fusion; Range of Motion; hypermobility; hypomobility;
adjacent level syndrome

Introduction Patients and methods:

In our research we have investigated the restiBgatients were involved, who had had lum-
of lumbar fusion operations, especially conskghr LIV/V rigid fusion (TLIF) surgery, and
ering the changes in ROM in the thoracistill had low back pain symptoms. None of the
lumbar spine, in the adjacent segments pdtients had morphological disorder (proven
fusions and pain. In the literature the adjacelmy CT or MRI), nor had symptoms of radicu-
segment syndrome is known to develop nextdpathy. The patient were: 6 male (mean age
the stabilized segment because of the incre&@®t6 years), 7 female (mean age 34.5+5.5
shear forces. Our hypothesis is that the changesr's). Neurological involvement (lumbar ste-
in the symptoms and pain is in correlatiomosis or compression), systemic disorders,
with hypo-and hypermobility and the lack ahBammatory disease and obesity (BMI>31
movement of the fused segment is compdg/n?) were exclusion criteria.

sated by other segments of the spine.
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Figure 1The kyphotic and lordotic angles

Measurement and parameters

For the biomechanical measurement we us
the Spinal Mouse, a computer associated dey
based on electromagnetic impulses. The de
senses the @exion of the levels of the sping
processes as it moves along the spinal colu
The data is forwarded by bluetooth to a P
The measured values are processed by
computer, and based on standardized data,

ed

ice,
ice
1
mn.
C.
the
the

acquired data is represented in 2 or 3 dim

sion. The position of the vertebrae, the furjc-
tional shift of the vertebrae, and their relation
to each other is evaluted by the Spinal Mouse.
The kyphotic angle is marked by +, the lot-

n_

dotic by the — sigRigure 1, 2).

During the study we used the functional test

Figure 2The measurement of thoracic kyphosis

of and lumbar lordosis

the set. The validity parameters of Spin
Mouse(Figure 3).

The Spinal Mouse was calibrated by a ZEBR
ultrasound-based measuring method wi
WINSPINE software. The accuracy and th
reproducibility of the method were approp
ate, because the maximum value of intrag
server variation is 0.97 degrees (18.8%), th
interobserver variation is 1.54 degrees (27.]

al

S
h
e
[

b_
at of
196).

The maximum value of the average differer

ce

between the angles determined by the twigure 3.The variability and reproducibility of

methods is 1.62 degrees (26.6%).

the Spinal Mouse
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During the measurement we marked the spleasurement of the pain

nal processes of the C7 vertebra, and the lum-

bosacral link, we drew a line between theéa& used the 3D pain questionnaire (West-
two points, above the spinal processes fromHzKen-Yale Multidimensonal Pain Inventory
to the sacrum. At the beginning of the measWWHYMPI) for estimating pain and only the
ment patient was standing in an upright pogpart which applied specally to the pain (1/1,
tion with his arms down. The patient mustotal score: 18) was taken into account. The
bend over with hanging arms3&xion), then percental change of the total score demon-
we asked them to lean back (E:extensios)rated the amount of improvement.

We got the total sagittal movement range from

the difference @exion and extension, this is

the Flexion-Extension Index (FEI: F-E). TheStatistical analysis

FEI was measured on the total thoracic and

lumbar region, and in the segments of tir the statistical analysis of the correlation
lumbar region (Th12/L1, L1/L2, L2/L3,between pain-scale and the DFEI values, the
L3/L4, L4/L5, L5/S1). The relation to the norSpearman’s rank correlation ot test
mal range is marked with the inder is + if was used. After Rho statistical analysis by a
it is the postive range, — if it is the negatipermutation test, we got the value of P.
range, O if it is the normal range. The relation

to the mean value is marked with the imaex

(+ if it is positive, — if it is negative, 0 if it is ilResult{Figure 4)

the median). For the segmental angles, the

FEI values of the segments above and belowhe outline analysis we found that the val-
the fusion were used in the lumbar regiones of the lumbar region were in the negative
The difference between the values at the fidnge or in the normal range. The values were
low up after one and three years (FEI n,nr) the positive range, or in the normal range at

were marked with DFEI (n,m) the thoracic region.
Patient’s _ DFEI DFEI DFEI DFEI DFEI DFEI DFE
code D Pain ups;n,m dos;m dos;n th;n th;m I:n I;m
1 -1 4 1 0 12 12 8 8
3 -1 5 4 0 0 0 1 1
8 -1 -1 -2 -2 -1 -2 5
10 -1 -3 no data no data 0 1] -5 -10
4 1 -1 2 0 -6 -6 -1 -1
1 no data no datg 8 22| -3 -8
1 3 no data no datg 0 15 1( 1P
2 0 no data no datg -8 -8 o 4
11 2 -1 -1 -3 -3 -5 -5
13 2 -7 7 2 0 5 10 10
12 3 -7 no data no data 0 -12 -18 -18
4 1 -12 0 -18 -18 —7 -7
4 -1 -2 0 0 -2 -14 -14

Figure 4The results of the measurement
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1. There is an inverse correlation betwe€he decrease in pain and improvement of
the increase of the pain and the positiggmptoms after a lumbar fusion ienitely
change from the normal range of the DFEhe result of the increase of the thoracic seg
values in the thoracic region. (p=0.093661ent's hypermobility. Hence the range of
rho=-0.3903177) motion of the spine is controlled by the tho-

racic segment as it compensates the hypomo

2. There is an inverse correlation between tilty of the lumbar spine with its hypermobil-
increase of the pain and the positive charige
of the mean DFEI values in the thoracic
region. (p=0.02340, rho=—0.5595029) The second biomechanical factor contributing

to the improvement of symptoms after lumbar

3. There is an inverse correlation between foasion is the sagittal ROM of the whole spine, m
increase of the pain and the change of the the hypomobility is corrected towards the @&
DFEI values in the lumbar region to thenormal ROM and these results in decrease of>-
normal range (p=0.02288, rho=-56169)ain. <§£

4. There is an inverse correlation between Sieilar conclusions can be drawn about the ™
increase of the pain and the positive changebility of the proximal segment above the
from the mean DFEI values in the lumbafusion. The distal adjacent level has increased
region. (p-value=0.06175, rho=—0.4492978)ypomobility after a successful operation .

ERENCIA — A-0057

OMECHANIKAI KONF

5. There is an inverse correlation between
the increase of the pain and the positi&mmary
change from the normal range of the DFEI
inthe proximal adjacentsegment (p=0.106¥he balancing role of the thoracic spine after a
rho=-0.3034631) lumbar stabilization is of high importance.
Hence a decision about such operation or the
6. There is a correlation between the increaséension — if required, needs careful planning
of the pain and the positive change from the preserve the ROM of the thoracic segment.
normal range of the DFEI in the distal adjaFhe preoperative ROM of the T-spine is a
cent segment (p=0.09793, rho=0.5107458)0d indicator of the success of the operation
and has to be considered when predicting the
results.
Conclusions
When using semirigid systems for bridging
From the sigircant (P<=0,05) — /2,3/ and neighboring segments, it is important to secure
trendlike (0,1>=p>0,05) — /1,4,5,6/ correlathe mobility of the proximal segment. The
tions of the above results the following conchiyypomobility or rigitbxation of the distal seg-
sions were made: ment also has to be considered.
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Absztrakt

Célkit &ések

A véranddssag hatassal van a testtartdsra és igy a jarasra, mint a dinamikus testtartas
képvise§ére. Célunk volt bizonyitani ezen élettani valtozasok hatasait a jarasra.

Adatok és modszerek

Az utankdvetéses vizsgalatban, melyet a PTE AOK Sziilészdiyégyabzati Klinikajan
végeztiink 2008 majusatdl 2009 februarjaigavtészt: 21 varandos az I., a Il. és a lll. tri-
meszterben, és 21 nem terhes és még nemaatkiditta a kontrollcsoportot.

Eredmények

A stabilométeres mérések szerint a varandésok jarasa lassabb, mint a kontrollcsoporté (p=0,04
de a Iépésciklus ideje a terhess@ghaladtaval csokken. A trimeszterekben mérideisy

ideje rovidebb a kontrollcsoporthoz képest. Astéettaszok aranya a teljes lépésciklushoz
képest, a kontrollcsoporttal 6sszehasonlitva trimeszteredkéAt gordités vizsgalatanal a
kontrollcsoport és a kismamak I. trimeszterben mért adatai koz&kargkillonbséget talal-

tunk (p=0,006). Az I. trimeszterben &ismamaknal mért labszég nagyobb a kontrollcsopor-
ténal (p=0,029). A kismamak I. trimeszterben mért Iépésszélessége a kontrollcsoportéhoz képe
kisebb (p=0,002). A varandé&k ih és lIl. trimeszterben mért |épésszélességét tsszehasonlitva
szignbkans ndvekedést tapasztaltunk (p=0,049).

Kovetkeztetések
Kimutattuk, hogy a jaras kinematikaja megvaltozik a terhesség folyaman, illetve eltérést mutat
kontrollcsoporthoz képest.

Kulcsszavakvarandosséag; jaras; stabilométer

Examination of pregnant women’s gait per trimesters with stabilometry

Abstract
Pregnancy has an impact on posture and so on walking as well, as it is a representative of t
dynamic posture. Our aim was to demonstrate the effects of these physiological changes ¢
walking.
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The follow-up research was conducted at the Medical School of the University of Pécs Départ
ment of Obstetrics and Gynaecology Clinic from May 2008 to February 2009. 42 women pédtici
pated in it. 21 pregnant women in the I, Il. and IlIl. trimester of their pregnancy were invo&ed
and 21 non-pregnant women, who had not gave birth yet, formed the control group. "Z"

@)

According to the stabilometric measurements the pregnant women'’s gait is slower than thécon
trol group’s gait (p=0.046), but the period of the gait cycle decreases in course of pregnancy. Tt
duration of the swing phase measured during the trimesters are shorter compared to the (intr(
group. The proportion of the double-support stance period in the whole gait cycle, increaseigur-
ing the trimesters in comparison with the control group. The test of the midstance showedLsig-
nibcant difference (p=0.006) between the control group and the pregnant womierstin theg
trimester. The foot angle of the expectant mothers bnsthteimester is bigger than the foot m
angle of the control group (p=0.029). The step width of the pregnant womeénsirttinees- o
ter is smaller than the control group’s step width (p=0.002). The comparison of the step Wic%u of
pregnant women in thest and third trimester, showed a bicanit increase (p=0.049). <§(

We have shown that the kinematics of gait changes during pregnancy and differs from the cacntrc
group.

Keywordspregnancy; gait; stabilometry

Bevezetés lumbalis szakasz lordosisanak a fokozddasa,
sincs egységes allaspbtitg felderitésre var
A terhesség folyaman végbedngitozasok a kismamak és a nem varand&garasmad-
a méh alakjanak, méretének a valtozasa,badi killonbségeinek pontos megallapitasa is.
eml& névekedése, az endokrin rendszer, a viz-
haztartas, az emésdmndszer, a csontrend-D. Hauswald altal 2002-ben publikalt tanul-
szer és a kozponti idegrendszer valtozasairkényban a terhesanarasara jellemival-
hatnak a testtartasra, a testtartas pedig a jarésrasokat kutattak, leirtak, hogy a megndveke-
hiszen a jards nem més, mint a testtartds maett testsuly miatt a jaras sebessége csokken, a
véltoztatasa. A jaras a dinamikus testtartas légpésszélesség@nWu és munkatarsai meg-
gyakoribb megjelenési formaja. A dinamikes&itik tanulmanyukban, hogy a varanddésok
testtartas soran a test és/vagy szegmentyarasa lassul a koordinacios hibak elkeriilése
mozgashan vannak. A mozgasok kiviteleZ&dekébel.
sében meghatarozé szerepe van a mozgas biz-
tonsagnak, melyre hatassal vannak a cardiaekkel ellentétben taldlhaté olyan publika-
vascularis és a muscolosceletalis szervrendsibermelyben arrél szamolnak be a skerz
valtozasai a varandossag folydfhan hogy a jaras sebességeanmegndvekedett
|épéstavnak koszonldt, a lépés szélessége
Szakirodalmi attekintés soran eltémfor- nem valtozik Szakirodalomban olvashaté
maciok talalhatdk a varand&nmegvaltozott még, hogy a vizsgalat sordn a kinematikus
testtartasarol, jarasarél. Fontosak és sziks@geaméterek nem valtoztak, a jarasmaod valto-
sek a tovabbi kutatasok, hisnég olyan evi- zatlan maradt, kinetikus értékek kozott vi-
densnek & &valtozassal kapcsolatban, mint szont kiilonbség van
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A terhesség soran a jaras kinematikai 6s$ze- Kor Tomeg BMI

tevat stabilométerrel vizsgalva kimutathatg, (év) (kg) (kg/m?)
hogy milyen valtozas tortént, példaul a lépessntroll-[Atlag | 23+1,04 | 62,05+9,19 22,09+3,43
szélességben, a lépésciklus idejében agen(sCPor |Sz0ras
tdmasz fazisban. Range| 23-25 50-85 16,9-29{41

Atlag | 313,09 | 62,95+13,9F 22,26+4,59
szoras

I trim.
Célunk volt stabilométerrel vizsgalni a terhgs-

ség alatt trimeszterenként végbedwéhoza- Range| 25-38 50-107 | 16,59-37,46
sok hatasat a jards kinematikai jella®z |, i, |Atag | 31%3,09| 6524+130p 23,08+4p8
A varanddssaggal egyiitt pziblogias valto- szoras
zasok jarasra gyakorolt hatasanak kimutatdsa. Range| 25-38 51-103 | 17,55-36,10

Atlag | 31+3,09| 71,62+11,3] 25,35+3)67
sz0Oras

111 trim.
A mérési eredmények ismeretében célzott

mozgasprogrammal és a testtartas javitasaval _[Range

a terhesség kilenc honapja konnyebbé valhat, 1. tablazat vizsgalt varandésok

a j6 kondicié medgzésével a szllés és a sz0o- és a kontrollcsoport adatai

vamények megéése hatékonyabb, a gyer-

mekagyi idszakban a regeneracié gyorsaldb vizsgalat soran a kismamak trimeszteren-

lehet. ként és a kontrollcsoport 6sszesen 84 db kér-
d dvet toltott ki, melyek a hozza tartozé mérési
adatokkal feldolgozasra kertiltek. A Eéedk

Anyag és modszer informacioval szolgéaltak a varandosok testi
és lelki allapotardl, a terhesség lefolyasardl, a

Az utankovetéses vizsgalatban 21 kismatasttartas és jaras lehetséges befolyasolo6 ténye-

vett részt — az édsa masodik és a harmadikz ar 4 meglé\a tarsbetegségeikr terhesség

trimeszterben vizsgalva —, a kontrollcsoportdatti panaszaikrol.

21 patal felndt naképezte (n=42). Mind-

annyian 6nként vallaltdk a részvételt. Az ela terhességgel kapcsolatos panaszok, fajdal-

mérés a terhesség 10-12. hete kozott wwds testrészek befolyast gyakorolhatnak az

(atlag: 11,9), a masodik mérés a 16-20. égyensulyra, testtartasra észialogias ja-

kozé esett (atlag: 18,7), és a harmadik médsa " A varandds & trimeszterenként mas

pedig a 28-36. hét kdzott tortént (atlag: 30,63 més, a terhességgel egyltt jard panaszok-

Kizarasi kritérium volt a patoldgias terhesséd, fajdalmas teriletekiszamoltak be. A pa-

(placenta praevia, diabetes mellitus), sllymsszok és a fajdalom jeléntésze az ds

mozgasszervi, belgyogyéaszati, neuroldgiai Bs a harmadik trimeszterben jelentkezett, leg-

tegség, illetve nem korrigalt latasprobléma. gyakrabban széduldsthanyingerl, gyo-
morégésd, hati és lumbalis gerincfajdalomtdl

A kontrollcsoport bevalasztasi kritériumaszenvedtek a kisman{aktablazat)

hogy 18 évesnélakbb, de 25 évimdtalab-

bakés még nem szultdnlegyenek. Kizarasi A vizsgalatot a stabilometrids mérésekkel foly-

kritériumot jelentett a gestatio megléte, illett@ttuk. A médendszer dsszet@vkét darab

amennyiben a sziilés szerepelt az anamnégisinéra platform, méretei 10 a0 cnu

ben. A mérések 2008. 05.82a09. 02. 28-ig B0 cm, tdmege 11,5 kg, platformonként ha-

folytak, a Pécsi Tudomanyegyetem Szilészetin db egsita egy mikrokontroller, személyi

és Naydgyaszati Klinikajan. szamitdégép, monitor €s egy nyomtato.
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I trim. | Il trim. | HI. trim.

Szédilés 5 1 3
Hanyinger 15 3 3
Gyomorégés 6 4 9
Faradékonysag 2 - 3

izilleti lazasag 1 1

Odéma - 2 5

Nincs panasz 4 9 2
Hatfajdalom 4 6 7
Derékfajdalom - 4 8
Keresztcsonti fajdalony - - 1
Csipdajdalom - - 1
Térdfajdalom 1 1
Bokafajdalom - 2 -

Nincs fajdalom 16 11 7

2. tblazaf varandés & panaszai

és jellemaAfajdalmas testrészek trimeszterenként
A platform a nyomaskdzéppont helyzetgt
méri, kimenafesziltsége a deformacio fugg-
vénye, azzal aranyos. A kirdéeszlltség az
er&it&be jut, az ebitett analdg fesziiltség
jeleket a mikrokontroller a szamitégép altal

értelmezheddigitalis jellé alakitja. A szamito- 1. abraStabilometrias vizsgalat

gép ezen jelek segitségével elvégzi a szami-

tasokat, és azok eredményét, mint az er&dabilometrias vizsgalat soran megmértik a

ménydiagramokat, az elmozdulasokazés kismama testtomegét (kg) illetve a sulyéat (N),

id dliggvényeket megjeleniti a monitorommajd a paciens a dobogd ekejédulva ké-

illetve a nyomtaton. nyelmes tempdban, zavartalardgigment a
platformokon(1. képJjgy a két platform segit-

A méraendszer kiegésaé még két darab ségével egy Iépésciklus vizsgalhato.

10 cm magas, 50 cm széles és 1 m hosszu do-

bogd, mely a két platformdes mogott he- A platformok regisztraltdk az eredményeket

lyezkedik el, és a jaras soran a platformra lé@és-egyik lab sarokérintékéa masik lab

kor, illetve arrdl lelépéskor a szintkllonbségetgujjanak elrugaszkodaséig, végul analiza-

4. MAGYAR BIOMECHANIKAI KONFERENCIA — A-0014

egyenliti ki. lasra kerlltek a gép éaltal megjelenitdtt gra
konok.

A méraendszer segitségével a jaras analizal-

haté, harom eljarasi mod szerint: Er &id agrabkon: Folyamatos felvétele a nyo-

— Az evektor idbeni eloszlasanak abrazomas, illetve a terhelés novekedésének és csok-
lasa F (t) kenésének a jaras soran.

— A lab és talaj érintkezési periddusanak ki-
mutatasa Er &pozicidé grekon: Egymas utani felvétele

— A testtbmegkdzéppont pozicidjanake-graa testtémegkodzéppont pozicijanak a jaras
konja koordinata-rendszerben (x, y) soran. A kulonbdplatformokrél szarmazo
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2. &braEr aid &gradkon és tablazat

eredmények egy kozdsHyp@ban, kulén- Eredmények
boza szinekkel megkulonboztetve keriilnek
megjelenitésre. Lépésciklus ideje: A terhességekhbladta-
val a Iépésciklus ideje csokken, az I. trimesz-
A monitoron kijelzésre kerlll még a lab-talégrben atlag=1,32s+0,14, a Il. trimeszter-
kapcsolat ideje, minden kapcsolat kezdeti #En atlag=1,27s+0,16, és a lll. trimeszterben
befejezési igontjaival. atlag=1,26s%0,1, a trimeszterek ko6z6tt nem
mutathat6 ki szigbkans eltérés. Annak elle-
A mérések eredményei rogzitésre és felddre, hogy a terhessédetlaladtaval a jaras
gozasra keriltek egy tablazat segitségéygbrsul, a kontrollcsoporthoz képest a varan-
mely hét darab nevezetes pontot jeldl megs nk jarasa szigrkansan lassabb az &ls
Az erdid agrakonon abrazolja a hét pontot
(0-6), és a tablazatban az ezen pontokrak
megfelebid &, era, erd%-értékeket és az x, \
koordinatakaf2. kép)

A vizsgalt paraméterek:

— Lépésciklusid

— Lengdazis szazalékos aranya

— Kettd tAmasz fazis szazalékos aranya
— Gordités fazisa

— Labszog 1. gr&dkon.A kontrollcsoport és a varandds n
— Lépésszélesség trimeszterenkénti atlag-lépésciklusideje
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trimeszterben (p=0,007), a masodik trimes#ab nem érintkezik a talafaVizsgalatunk

terben (p=0,046) és a harmadik trimeszterbemerint a lendazisok ideje egy Iépésciklus

is (p=0,046). alatt csokkeatendenciat mutat a kontrollcso-
porttél a harmadik trimesztel(g. tablazat)

A legnagyobb eltérést a kontrollcsoport, és az

elsé trimeszter eredményeit 6sszehasonlithalengdazisok idejének csokkenése feltéte- =

tapasztaltunk (p=0,007). A varanddk fa- 3

radsanak sebessége aatdiaeszterben jelen- ami a ketfs tdmasz fazisokban mutatkozik

t &en lecsokken a kontrollcsoporthoz képeseg.

(1. gréekon).Magyarazat lehet erre azails

meszterben dbrdulé szamos panasz, minKett & tamaszokOsszehasonlitva a kontroll-

a hanyinger, gyomorégés, szédulés, farackbport és a kismamak E&@timaszainak &

konysag(2. tablazat)Ebben az idszakban tartamat, egy lépésciklus alatt mindharom

pszichés komponensek is hatassal vannakiraeszterhez tartoz6 értékek esetén bzigni

kismamara, a terhesség ténye Ovatossagrekams kilonbség allapithaté meg (I. trimesz-

a nd, ha tllzottanbPgyel a jaras folyamata-ter: p=0,034, Il. trimeszter: p=0,003, III. tri-

ra, az kiméké valik, eltérések keletkeZnekmeszter: p=0,0009).

Ajanlatos a meditacio, lazité gyakorlatok, me-

lyek lelkileg segitik hozza a kismamat a val- két ketts tdmasz hanyada a teljes Iépés-

tozasok elfogadasahoz ciklushoz képest a kontrollcsoporttal 6sszeha-
sonlitva ndvekedést mutat oly mértében, hogy

Lengdazis-tamaszfazid:engdazisrél akkor a harmadik trimeszterben mar szdans a

beszélink, mikor a Iépésciklus alatt az adkttlonbség (p=0,0234. tablazat)

KONFERENCIA — A-0014
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Kontrollcsoport] . trim. II. trim. 1. trim.
Els dlengdazis atlag ideje (s) 0,37+0,07 0,40+0,07 0,39+0,05 0,38+0,04
Elsalengés %-ban 32,07 30,20 30,46 29,95
Masodik lengiazis atlag ideje (s) 0,43+0,08 0,48+0,04 0,47+0,06 0,46+0,04
Masodik lengés %-ban 36,87 36,55 36,50 36,34

3. tablazat.engdazisok atlagos &hrtama, illetve szazalékos értékiik a teljes lépésciklushoz képest

Kontrollcsoport 1. trim. 11, trim. 111 trim.
1 kettd tAmasz atlagié(s) 0,23+0,05 0,27+0,05 0,26+0,04 0,27+0,04
1 kett& tdmasz % 20 21 21 21
2 kettd tAmasz atlagié(s) 0,13+0,03 0,17+0,04 0,16+0,03 0,16+0,08
2 kettd tamasz % 11 12 12 12
! kett & tamasz atlagi&(s) 0,36+0,08 0,44+0,08 0,42+0,07, 0,43+0,06
I kett& tamaszok % 31 33 33 33

4, tAblazatépésciklus alatti kéttamaszok ideje és szazalékos aranya
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Labsz6gCélunk volt még bizonyitani, hogy asoportnal a legnagyobb, minél kisebb mérték-
két l1ab altal bezart sz6g atlagos értéke hogpan mozdul el a sulypont, annél stabilabb a
valtozik a terhesség folyaméan és a kontrollggwas. Szigikans kilonbség mutathaté ki
porthoz viszonyitva. a kontrollcsoportot dsszehasonlitva a kisma-
makkal az el&trimeszterben (p=0,006).
Az atlaglabszég a kontrollcsoportnal 16,44°+
+7,72°, az eldtrimeszterben 23,67°+12,31° épésszélessély: kontrollcsoport 76,81 mmz+
a masodik trimeszterben 21,82°+£9,69°, és+32,73 mm atlag lépésszélessége a legmagas-
harmadik trimeszterben 22,81°£13,11°. Szigbba vizsgalt csoportok kozil. A varandés
nibkans novekedést a kontrollcsoport és kigmamak elétrimeszterében mért [épésszé-
elsd trimeszter 6sszehasonlitdsakor kaptutdssége 45,38 mm+27,63 mm volt, a maso-
(p=0,029). A masodik (p=0,053) és harmadilik trimeszterre ez a tavolsag 54,76 mm-re
trimeszter (p=0,064) esetében az eredmén®7,63 mm nit meg, a harmadik trimesz-
szignbkans kozeli2. gréekon) tetben még jelerdebb a lépésszélesség no-

2. gr&kon.A kontrollcsoport és a varanddsoknal3. grékon.A kontrollcsoport és a terheseknél mért
mért atlag-labszégek mértéke atlag-lépésszélesség mértéke

A gordités fazisah gordités fazisaban a sulyvekedése: 61,71 mm=30,52 mm, ez a k-

pont vertikdlis tengelyen valdé elmozdulasidinbség az edstrimeszterhez képest mar

sulycsokkenéssel jellemezhetjik. A gordigzmgnbkans (p=0,049) ndvekedést mutatott

fazisdban a kontrollcsoportnal Iétrégily- (3. grédkon)

csokkenés mértéke atlagosan 14,04%:+4,05%

a kezdlabnal, a masik labnal 14,38%:+5,83%.

A varandés kismamaknal azégtimeszter- Megbeszélés

ben 12,52%+3,28% az &l&bnal, a masik-

nal 8,76%6,83%, a masodik trimeszterbén vizsgalatunk targya, a terhek jarasa,

12,57%+3,56%, 8,71%+5,04%, a harmadidenleg kevéssé kutatott tertlet. A témaban

trimeszterben 12,43% +4,56%, 12,28%x+5,6p#ertek meg tanulmanyok, de ezen tanulma-
nyokban kisszamu mintat vizsgaltak (1-315 f

A gorditdazis vizsgalataval a jaras dinamelyek nem mutatnak reprezentativ képet a

mizmusara kovetkeztethetiink. A legnagyoblirandds & jardsanak valtozasardl. A szak-

sulycsokkenés a kontrollcsoport gorditése ataialmi hattér feltarasa soran ellentétes ered-

volt mérhef a sulypont emelkedése ennél ményé vizsgalatok is talalhatok. A Kkutatasi
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terulet kiakndzatlansagat jelzi az is, hogy nemA kismamak |. trimeszterben mért |épés-
készilt még metaanalizis a témaban megjeszélessége a kontrollcsoporthoz képest ki-L

RENCIA — A-0014

lent vizsgalati eredményekb sebb (p=0,017), de a terhesség soran fokozati
o LL

tosan ra =

Jelen kutatdsban 42 egészségéxlnvaran- — A varanddsok |. és lIl. trimeszterben mért Q

dos és 21 nem terhes) vett részt, a jarasuképésszélességének értékei kodzott Bzigni
6 szempontbdl vizsgaltuk. A ipggelt kine-  kans a novekedés (p=0,049), tehat jéent
matikus jellemZ: a Iépésciklus ideje, lehg a valtozas a lépésszélesség mértékében, i
fazisok és a ke#ttamaszok szazalékos aranyakE. ButleP tanulmanyanak ellentmond, de
a teljes lépésciklushoz képest, a labszogek BsHauswald vizsgalatat megésiti.
a lépésszélesség mértéke, valamint a gordités
fazisaban a stly&émértéke. A terhesség alatt végberealtozasok nem
kérosak, az értékek a terhessdghallad-
A vizsgalt jardsi paramétereknél a valtozaval valtoztak, és a kontrollcsoporthoz viszo-
medrgyelhef) tobb esetben szigkéns elté- nyitva eltérést mutattak, mégis mindvégig a <
rést regisztraltunk: normal jarassal foglalkozé szakirodalom éltal =
— A kismamak jarasa valamennyi trimesztegészségesnek tekintett tartomanyban marad~
ben szigrhkansan lassabb, mint a kontrolltak. A harmonikus, kontrollalt jaras latvanyos
csoporté (I. trimeszterben p=0,007, a Il. trinegvaltozadsa csokkentené a jarads hatékony-
meszterben p=0,046 és a lll. trimeszterbesdgat, és ndvelné az energiaigényét.
p=0,046). Ez egyezést mutat D. Hausfvald
és Wd0 eredményeivel, miszerint a kisA vizsgélat eredményei azt mutatjak, hogy a
mamak jarasa lassabb, mint a kontrollcsgiltozasok jelen vannak, még ha sok egyéni el-
porté, de eltér a trimesztereket 6sszehast@rést is mutatnak. Pioterapeutaknak szik-
lité vizsgalattdl, ahol azt tapasztaltuk, hoggges ismerniik a lehetséges eltérésetiet a
a varandds & jarasanak sebessége fokozagias jarastol a terne&nél, hiszen egy meg-
tosan nit, ez az eredmény E. Butlpubli-  felel&n korrigalt tartasnak, jarasnak az elval-
kacidjat tamasztja ala. tozasok kialakulasaban jel@ntprevencios
—Az |. trimeszterben mért labszog szignszerepe van. Brioldgias jaras jellerdzsme-
Pkansan nagyobb a kontrollcsoporténdtében fontos a helyes allds megéreztetése, be-

ANIKAI

GYAR BIOMECH

(p=0,029). tanitasa, a helyes jaras betanitasa és a korrekcio.
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The verped conditions of fracture healing ardzars by changing the number of the 5 connect-
vascularity of the injured bone, repositon mig Kirschner-wires. In advance, | checked the
the fracture and proper casting. Opiniorsability of théxators by load test.

about casting and stabilization have been

changed in the course of time.
Control methods

There has been gradual development. At tEe rol . h d K
beginning externd#xation, splints and cast- ontrol measurings happened once a weex.
Irﬁr]easured the following factors:

ing, then constant extension, later stable co lectri it fii taboli d
pression osteosynthesis were used. Nowada = electiic voltage of tissue metabolism an
e resistance of the tissues;

lastic internabxation is thought to be th . ;
elastic internabxation is thought to be e—thewe|ghtsofthe abbits:

best solution. All these methods mean non—th ity of th I K b
changing stabilization from the beginning of ne quantity of the caflus (per week) by
vital dyeing in hard segments (polychrome

the treatment to complete healing. .
P g sequens-marked hystomorphometria);

To reach a constant biological stimulus onSl#es and density of the osteons;

fracture healing during treatment, the degréethe signs of healing on x-rays of the femurs.

gf nz);ztzlgg :S:;Efrm%rrzd;z ly usstiorr(]a(ijfuizz,-used planimetry to measure quantity of the
y o ! d : 9 callus, changes in the periphery and density of
ual dynamization should be only axial or co

m-
... the callus. Furthermore | compared the frac-
plex has not been answered yet. In addltlon[to :
) , . - . tJre resistance of prepared femurs and the
this, we've got positive clinical experiences_ . . ; .
. o . non-injured sides and recorded sound emis-
about single dynamization, but we miss com

. . L sion during loading the femurs. In this lecture
parative examinations, objective methods . :
. i S I'lM evaluate the histological segments, the x-
verify the right degree of stabilization and the .
R rays and the measurement resulkexibility
effects of dynamization.

strength of the callus.

MAGYAR BIOME

In my study | compared the effects of 3 differ-

ent methods of casting/splinting (A: permaesults

nently stable, B: gradually dynamized, C:

gradually stabilizing). | recorded the evaluation results numerically
and this method offered the possibility of bio-

| created standardized conditions on femursstétistical (correlation and skpance) calcu-

rabbits by osteotomy in the 3 groups. | exaltions.

ined the ’fractures’ of 5 rabbits in each group

in the course of week 3, 4, 5 and 6. | used extethe hard segments | recorded the diameter

nal Pxation and iBuenced the stability of theof the osteons; the surface of differently coloured
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osteon rings that had developed in a weedffects of different kinds of stabilization with-
time and the number of osteons to be seen iU any restrictions. The measure of stability
visualbeld of a 0.25 square millimetre. Thand the pace of the changes were chosen arbi-
surface growth of the rings decreased exprarily. These factors were only guided by the
nentially in all of the 3 groups. known total time of healing, and they followed
also the possibilities of theator’s structure .
Most callus developed in group C. (In both l&hink that complex-direction stability changes
and B the quantities were smaller.) The difiet closer to the mechanism of the biological
ference between group C and group A orsBmulus in the tissues than an exclusive one-
was sigricant in the course of week 2. Theirection axial loading-model does
number of osteons in group A was Bigni
cantly higher than in groups B and C in wedkhealing means for the patient to regain load-
2 and 3; there was no statistical differencebiaring, continuous dynamization (group B)
the rest of the weeks. As for the numberoain shorten time of the healing process in rab-
osteons, group A contained $igantly more bits by 2 weeks — compared to constant stabil-
osteons — there were no more differenéggbixation (group A). In the reciprocal group
between the groups. (group C) I could not verify that increasing
pxation (that is continuous reduction of
The x-rays of the femurs were evaluated byn8chanical stimulus) had curbed healing pro-
experienced specialists. They tledsithe cess. As this group starts out fgttiblebxa-
healing process in 5 categories. The speciatists (2-wire bars), in histological segments
considered the healing process of group B-toompared to stable groups — the healing pro-
be sigribcantly better ££0.05). Thebndings cess begins to produce higher quantities of cal-
began to get closer to each other in weektu$.and a rougher osteon structure. The reduc-
6 and 7. Group C seemed to be Bigmtly tion of stimulus probably results in decreased
worse compared to group A in weeks 6 anatdlcbcation some weeks later, so the callus
produces a relatively lower stability, weaker
The prepared femurs were submitted to bmne scar.
3-point Rexibility test loaded by a speed of
2.5 mm/minute on a 4-centimetre sectioithe stable conditions in groups A and B at the
comparing the healthy and the broken’ sidelireginning start with developing identical his-
the same way. The stability in group B was siglogical structures (osteon sizes and density).
nibcantly better in weeks 3, 4, 5, 6 and reachi&@ advantages of gradual dynamization turn
the domain of health. The difference betweep after week 3 (group B). These advantages
groups A and C developed as late as in weebme probably from the optimal structure and
for group A. quality of collagetrbres and the earlier for-
mation of apatite.

Discussion Accepting the results given, implant develop-

ment should be directed towards absorbing
The experimental model provided equivalertthat is gradually dynamizindpxation. On
local conditions for fracture healing. The onthis way, the axial mechanical stimulus accom-
variable was the stabilityrators. This fac- panying the present-day implantates can only
tor made it possible for us to compare thepresent an intermediate phase.
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Abstract

The Dept. of Mechatronics, Optics and Information Engineering, within the project team, had
built an electronic moire equipment to visualize and diagnose scoliosis. The device generates
computerized moire phenomenon, which can be viewed and save for later examination. The
applicability of the system was tested with statistical method from the moire patterns, which wa
created by the prototype device. The results of the calculations — to determine the rate of scolio
by moire patterns — are promising and comparable with X-ray examinations.

Keywordsmoire; scoliosis

1. Introduction The tasks of the project were the followings:
1. Calibration and error analysis of the proto-

The Budapest University of Technology andtype of the developed and installed moire

Economics, Department of Mechatronics, equipment.

Optics and Information Engineering as part @ Test of the calibrated equipment, analysis of

a team had won subvention on a tender of thehe possibility to determining the angular

National Obce of Research and Technology characteristic of idiopathic scoliosis from

to develop a new optical measuring familymoire patterns on the basis of practical mea-

of orthopedical applications, to ensure moresurements.

reproducible and more appropriate sampling

and monitoring of orthopedic deformities

(TECH 08-A1/2-2008-0121). The Salus2. Methods

Orthopedtechnique Surgical Appliances Man-

ufacture and Trade Ltd., The Department ¢&) The moire technique

Polimertechnique from Budapest University

of Technology and Economics, The Orthop&he moire phenomenon is the result of the

dic Clinic of the Semmelweis Universityinteraction between two periodic structures

Varinex Informatics Ltd. and the Aga IT Ltdwith different space frequencies. The mea-

are also the members of the winning conssured or tested surface is similar to the contour

tium. The prototype of the moire measuriniines of the maps but described in more gen-

system, the target of the project, hasHyeen eral manner. Moire stripe is the manifestation

ished. The device's primarily purpose @ the moire phenomenon. These are gener-

screening and diagnostic, but it can be useddtly the points of a surface with a given dis-

improve 3D modelling of orthopedic deformtance from the reference plane. Generally,

ties and aid designing and controlling thmoire surface is a set of points with akgpeci

manufacturing process of corrective tools. distance from a reference surface where dis-
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tance is function of thrxed parameters of therecommends moire topography beside diagnos-g
layout. Moire stripes are the section lines of tleeor imaging tests, bi-directional, stationary LW
measured and moire surfaces. The picture areade X-ray image, the Cobb-angles (lateral ﬁ
ated via any capturing method, represents #iee of curves), the rotation, the torsion, the %
section lines of moire and measured surfasagittal prble view, the Risser sign, spiroergo- O

in two dimensions called moire pattern. metric examination and the surface analysis.é

%
This optical method is one of the most modern <Zt
ways for measuring the shape of the humanThe build device LI)
body in space. The advantage is the simultane- |
ity and touch-freeness, so the measured bdthg moire measuring equipment was designed CE)
is not charged with measuring pressure at alhd constructed in consultation with an ortho- m
information can be obtained all of its points pedical specialist im in the tender. The pro- EE:

the same time. Its measurement applicabiliotype of the device was tested in the Heim Pal>
is widé—2 This technique can also be used tdospital, and in the Salus Orthopedtechnique <
measure deformation caused by pressure oShygical Appliances Manufacture and Trade E
temperature change, when measurement wittd. In essence, that is a moire equipment ¥
mechanical process cannot be carried out. MWith classic projection. The novelty is so far,
also suitable to check dimensional accuracytaft video projector used to project out the
products made in production in series or stripes to the reference and the test surface
roboticg334:35 instead of a traditional projector. During the
measuremenkrstly a picture of the reference
surface is taken, which is stored in computer
B) Using Moire technique in orthopedics memory or in mass storage. Then the test
object takes the place of the reference surface,
The moire patterns’ orthopedic — scoliosis tesfiile the grating is projected with the same
ing — application is primarily used for screerettings. The lattice is deforming on the exam-
ing by visual evaluation or diagnosing, as timed surface depending on its shape. An other
back surface’s asymmetry is very characternstiture is taken from this, then the software
cally shows @8 The orthopedic applicationsprepare the moire pattern from the pictures of
are comprehensive, because the reproductioa reference surface and the test surface. The
is simple but the result is very impressive aedulting moire pattern can be displayed or
convincing16-18 In particular, it is used in stored.
combination with X-ray, but only making a
moire pattern is not cause radiation pressure
on the patient, which is a serious bewné 4. The examination and treatment of
moire technigue. The moire technique witlscoliosis
computing, image processing and pattern rec-
ognition background is already a serious factdre idiopathic scoliosis’s origin is unknown,
in this are#—31 the prevention of its formation is not yet
known. However the disease can be recog-
The professional protocol on the physiothemnized early with screening and it can be
apy of the structural idiopathic scoliosis prstopped and a si¢paiant and lasting improve-
pared by the Professional College of Nursingent can be achieved with appropriate treat-
and the Hungarian Society of Physiotherapistent.
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A) The débnition of the disease culature. This type of functional scoliosis usu-
ally do not worsen and not transformed to
By déenition, the idiopathic scoliosis is the lastructural scoliosis. The secondary functional
eral curvature of the spine with structurakoliosis forming cause is one of the lower
changes, which forms without traceable rdanb’s real or apparent shortening. The half-
son before bone ageing. The structural changekvis on the shorter side is lower and because
of idiopathic scoliosis come about in all direaf the compensation of the inclined pelvis ori-
tions of space. The spine is curved, not onlyemtation, it become the convex lumbar scolio-
the frontal plane, but also twists on the hosis for the shortened side. It can be corrected
zontal plane and become concave on the sagith the limb length differential correction, for
tal plane. The disease may begin in differeexample with heel rise.
ages and can appear in any part of the spi

The date of commencement of the diseasg.%tructural scoliosisneans the three-dimen-

signbcantly affects the size of the curve. T bonal s;plne deiforml':cles, n cllnlc?altﬁractlce,
earlier starting age of idiopathic scoliosis, vast proportion of cases are in this group.

worse prognosis what patients can be exp causes of scoliosis may be quite different,

Thus, the lateral curvature of the spine is t gt it can develop without any known cause.

scoliosis. The mobility of the vertebrae a everaII, the earlier year of life, the worse is the

often sigribcantly reduced, so that the inwarf"09Nos!S-

rectifying of the vertebra column is no longeharacteristic of the deformity, is the so-called

possible. The lateral curvature of the spinedsbb-anglegFigure 1)This angle by d®i-

usually associated with the roll — torsion — @n is the exterior angle of the lines, perpen-

the vertebrae which results the so-called #iular to the lines laying on the end plates of

hump dorsal, and hump in the lumbar sectiothe beginning and ending vertebrae of scolio-
sis. 80-90% of structural scoliosis are idio-

B) The types of idiopathic scoliosis pathic, 4:1 ratio girls are affected.

The disease has two main groups, the furi€}y Consequences

tional and the structural scoliosis. . .
Due to disease the motion of the vertebra

1. Functional scoliosi$te type of lateral cur- column is greatly reduced and the chest is
vature of the spine, which was not followéteformed. Beyond the aesthetic problems, sco-
by torsion. The deformity can be corrected
advanced state. It can develop without detect-
able reason which called primary functional
scoliosis and also in the alternative, when same
other reason lies in the background, such| as
lower limb length difference, muscle paralysis

or herniated discs. Functional scoliosis is not
three-dimensional change in the spine. Gegn-

erally it can be well managed.

The therapy consists corrective physiotherapy
maintenance. The primary treatment of func-
tional scoliosis is to strengthen the back mus- Figure 1DePnition of the Cobb-angle
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liosis can lead to sioant pain in the back, 5. Experiments
in very severe cases the consequences are heart

and circulatory disorders. It should be noteduring the experiments an answer was soughtﬁ
that due to inappropriate static load the risk-efsupported by measuring results — Whether§

ENCIA — A-0062

herniated discs and other degenerative spine determination of Cobb-angle with moire Q
disorders increase as well. patterns — accepted by orthopedic specialists =
is as accurate as the determination with X-ray ¥
pictures. Z
D) Diagnosis LI)
Well-known from the literature, that the rate of LW
To determine the type of idiopathic scoliosssoliosis is well characterized with a number CE)
and curvature of the spine bi-directional X-rayhich descript thegure of the spine shape. m

is used, made of the total size of the standifigs ddones the rate of disease severity, andX
patient’s spine. The Cobb method is for detalso the possible treatment or intervention.
mining the angle of curvatyfégure 1)The

prevalence around 10 Cobb-angles of idiBaree main techniques are knéwrCobb,
pathic scoliosis is 2—3%. The bigger curveskeeguson and Tidestrom method In Hungary,
signbcantly less frequent, incidence of curvéige protocol uses the Cobb method, and rate is
above 30 Cobb-angles occur in 0.1-0.3%. determined by X-rays.

4. MAGYA

Kamaf* developed the algorithm to determi-
E) Treatment nate Cobb-angles on the basis of the moire
patterns.
The treatment of idiopathic scoliosis has
essentially three options:
A) The algorithm for determining
1.GymnasticSpecial gymnastics has devethe Cobb-angle
oped to correct the scoliosis; the so-called
Schroth therapy, which beside the active spising the the publication referretf thebg-
nal stretching, strengthening the musclese the denition of Cobb-angle from moire
asymmetrically in a corrected position, whidtripes is the followirigigure 2):
is accompanied by a three-dimensional correc-
tive breathing exercise. The regular long-tefm
treatment occurs long lasting results.

2.CorsetWearing corset become necessary, if
the curative treatment is notsuént in itself
to correct the curvature. This is normally over
20 degrees considered.

3.SurgenAbove 50 degrees surgical approgch
is recommended.

Figure 2Algorithm for dening Cobb-angé
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On the basis of thégure 2angle is valid, that: These two series of measurements was used to

answer the following questions:
4=<CAO+<CBO=Y1+Y2 (@)

1. Cobb-angle, calculated by moire patterns of
To determine it, the line through the P and ¢he same person, with the same independent
must be drawed, through the center of tlicumstances (in a freely and loosely assumed
neck and the waist. Then the moire curve @osition) add ufuctuation, which show the
the scapulae, which shows the largest asw®nsitiveness of the method to the subject’s
metry must be found, and must be sectionset.
with a line perpendicular to PQ to get the H,
C and E points. To the moire curve on which From the values of Cobb-angles — calculated
the H and E points lie tangent must be drawdy pictures, which were taken in two different
from the top, resulting the G, A and D pointpositions — the impact of the tested surface’s
On the basis of the Figure 6 the I, B and F cposition compared to reference surface was
be determined, and d1 , d2 and d3 values examined.
be calculated.

3. It can be seen from the descriptive algorithm

d1=1/2(CH+CE) (2) of Cobb-angle that the set of E and H points
d2=1/2(AD + AG) (3) contains a lot of subjective factors, and thus
d3=1/2(BF +BI) (4) uncertainty, and therefore it was investigated,
tan Y1=|d1-d2|/CA (5) that within the same picture chosen the E and
tan Y2=|d1-d3|/BC (6) H points in different ways, how much uncer-

tainty is caused with respect of the rate of Cobb-
eg. 5and eq. 6must be substituted @g. 1, angle.
then Cobb-angle can be calculated.

6. The measured data
B) The conduction of the experiments

. ) First series Second ser|es
Two series of measurements were carried put,Number
with the same person. Tiiest series included Cobb-angle [f] Cobb-angle|[’]
seven recordings, and the body center of |the 3.81 3.52
subject stood with an average 400 mm in front 905 516
of the reference surface. Between the recerd

was taken the subject was in a natural positio§1,
only held back the breath in the usual way,|in 2.67 9.98
.the length of the exposure. The second serﬁ;erage 702 8.00
included seven recordings too, although the

center line of the subject’s body was locategGRviation 5.06 4.64
the reference plane. The conditions otherwisgble 1The calculated values of Cobb-angle from
were identical to therst series. thebrst and second recordings
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ings of each measurement, the subject togdk a 13.70 1471
short break, then went back to the measure- 2.77 8.23
ment location. In between recording aboué 13.71 13.31
one minute has passed. When the recordings

3.47 3.07
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As abrst step the values on the basis of bath reason to reject null hypothesis, the data
series was submitted normality analysis wghries of both samples can be considered as no
Kolmogorov—Smirnov's goodnesbtttest®.  mal distribution on the cbdence level (90%).
The sample’s empirical distribution’s and a
theoretical distribution functionkiting to After the data series of both sample was con
each other was examined. The null hypothesidered as normal distribution on thebeon
was, that the test sample and the theoretidahce level, an answer was sought, whethe
distribution function does not differ in the sighe two samples in point of deviation and aver-
nibcance level. age can be considered part of the same popul
tion. In other words, the measured surface’s L
From the results, on the basis ofitse and and reference surface’s distance from eac%
second series, the maximum value of tettter — in case of the tested dimensions — hasn
indexegTables 2 and iB)both cases are lesso sigripcant effect on the outcome. The com- X
than the threshold (0.9D =0.436), so there pgrison of the variances were performed with >
the Fischer—Snedecor’'s Fafeg#tccording to <

RENCIA — A-0062

cBANIRAI KDNEE

x | f |5 [F00] u F(u) D, | the null hypothesis, the two models — on the E
200l 21 21 026 —odo o.1da1  oioiscorbdence level — are representative samplesY
300| 2| 4| o057 —070 02420 o0.d2940f normal distributions, which have same vari-
4.00| o] 4| o057 -0830 o0.3dss 0.de20ance. In the course of the comparison of the
500 o| 4] o057 -030 o03d21 o0.1s93two samples’s variances, the test index was
6.00( 0| 4| 057 -010 04602 o0.4112Femp=1.1892, which is less than the critical.
7.00 0| 4| 057 0.4Q9 05398 0.0316

8.00| 0| 4| 057 029 06179 -0.0465S0 here was also no reason to throw away the
9.00] 1| 5| 071 049 06915 0.0228null hypothesis, the two sample by variance on
10.00f 0| 5/ 071 0.49 0.7880 -0.043790% sigircance level, can be considered as
11.00| 0| 5 071 089 0.8159 -0.1016part of the same population,
12.000 0| 5/ 071 1.08 0.8643 -0.1500
13.000 2| 7 1 128 0.90B2 0.0p68 To compare the averages, since the two sam-

Table 2The results of the normality analysis onples is different — this case can be considered as
the basis d¥rst and second serigs-(®ata, a test with control group — two-sample #&est
f; — frequency, f~ sum of relative frequency, were applied. By the null hypothesis, that two
F —value of distribution function, samples, on the detence level, are the repre-
d —value of test index) sentative samples of normal distributions,

. which have same expected value. The two-

X | [ fic | Fa0Q) Yi F(u) | Di , o i .
3l 21 2] o28s571h —0.862b7 0dsaL mple t-test’'s empirical test index value is
s 11 3| 022857k —0.43103 03226 d.0sd§MP=0.3776 which is smaller in this case
7110 21 0571426 o 05000 0671400, than the critical value; t0.9crit=1.782.
ol 11 5| 0714286 0431b32 06662 0.04730: according to the comparison of averages,

11l ol 5| 0714286 0.862069 08051 —boobBere was also no reason to throw away the

13 2| 71 1 1203103 09015 on null hypothesis, that, the two samples, on

O i . .

Table 3The results of the normality analysis ongO/0 S|gﬂncance level, in point of averages f:an
the basis dfrst and second serigs{(gata, be considered part of the same populatlon.
f, - frequency, f- sum of relative frequency, |t can be allocated, that on the sigance

F — value of distribution function, level — the values of Cobb-angles calculated on
d — value of test index) basis of the recordings, which were made in
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the above mentioned circumstances — the stdference surface — has no Baarit effect to
ject’'s distance from the reference surface thesrate of the Cobb-angle. Which was speci-
no effect on the results, the system is not selped with the known algorithm and calculated
tive to this parameter. from the moire patterns, which was made with

the precalibrated, electronic moire equipment.
To bnd out how the E and H point’s settings

impact the results, within the same recopd statemenfthe deviation — calculated from the

— which was made, when the examined s@ebb-angle, which was sped from the moire

face was on the place of the reference surfagatterns, was made with the moire equipment,

the E and H points were set in various plac&®m the subject, standing in the same posi-

as the algorithm described. From the resultitign, without any particular body-setting algo-

values of Cobb-angles, the average and deiibm — can be kept withipve degrees.

tion values can be calculated and conclusions

can be drawn. 3. statementhe deviation — calculated from
the Cobb-angle, which was spedifrom the

On the basis dhble 4.it was found, that moire patterns, was made with the moire

within one picture several times and indepegquipment — due to uncertainty of the settings

dently intaked H and E points effected thef E and H points can be kept within 1 degree.
deviation of the resultant Cobb-angle with

lesser extelfTable 4.fhan the total sample,
but it had a sightant effect, so the settings if. Comments and further research

the evaluation must be held carefully. opportunities
Number Cobb-angle [9] In connection with the measurements, as well
1 3.68 the further research, the following remarks can
2 2.68 be made.
3 3.94
4 4.86 1. It would be worth to repeat the experiments
> 4.44 with larger number of sample.
6 3.68
7 3.54 2. It would be worth to carry out the experi-
8 3.20 ments with a person, whose scoliosis is diag-
Average 3.751 nosed and more sifpoant, medical history
Deviation 0.680 is known and who is not familiar with the

Table 4The effect of the settings of E and H pointsystem.
on the uncertainty of Cobb-angles
3. On the basis of the recordings, it would be
7. Conclusions worth to carrie out a complex examination,
that the uncertainty of idelptiation of certain
According to the tests with the equipment, apgints how much impact the resultant uncer-
control measurements the following statemet@nty, when determinate the Cobb-angle.

can be made:
4. It would be worth that moire stripes — within

1. statemerithe distance between the referencaoire patterns — will be subjected to a thin-
surface and the center of the subject’'s bailyg image processing algorithm, to reduce
—about 400 mm in the surroundings before ttiee uncertainty of reading out datas.
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