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SOUBORNE REFERATY e REVIEWS

STRATEGIE PRODLUZOVANI KONCETIN
STRATEGIES OF LIMB LENGTH EQUALIZATION

STANITSKI D. F.

Professor of Orthopaedic Surgery, Medical University of South Carolina,

Charleston, South Carolina, USA

The first decision to be made in limb length equalization is which patient actually has
a problem that needs attention. The literature is relatively clear that an actual or projected
discrepancy at maturity of < 2.0 cm is not an issue. In the 2.0-2.5 cm range, the literature
is not as clear and it is generally agreed that a projected difference of > 2.5 cm warrants

attention.

The projection of LLD (limb length
discrepancy) in the skeletally immature
patient is an inexact science. Serial radio-
graphs, ideally of the same type, in the same
institution, and assessed by the same ortho-
paedic surgeon are the ideal. These may
be scanograms (C.T. or regular), teleo- or
orthoroentgenograms. CT scanograms are
the most accurate, particularly for patients
with hip and/or knee contractures, but may
require asecond visit due to scheduling
issues. None of these methods takes the
foot height into account. This can be very
important particularly in many congenital
situations (e.g. fibular hemimelia) where
the foot height may be greatly reduced
thus contributing to the LLD. Depending
on whether Green-Anderson (3), Moseley
(5) or Arithmetic methods of projection
are going to be utilized, a left (by conven-

tion) hand and wrist film may be needed
at each visit for bone age assessment (4).
The latter can be 12-18 months inaccurate
but after multiple films, the difference
generally evens out. Using one of the above
methods will give a projected LLD in the
immature patient. In those who are near
or at skeletal maturity multiple measure-
ments and bone ages are unnecessary.
Obviously “operating” on the shoe and
not the patient is the least expensive and
least morbid option. In general, unless the
patient has always had a lift, lifts are infle-
xible and can be heavy and often inhibit
rather than help the patient. They should
be tapered at the toe. About 1.5 cm will fit
inside a shoe but more than that will need
to be applied to the sole. A shoe lift may
be preferable to surgery in a small discre-
pancy. For large differences in the patient
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who cannot or will not undergo surgery
a prosthesis is often necessary. The foot
is commonly put in equinus to decrease
width of the prosthesis. It needs to be
recognized that a foot and ankle deformity
will result and this should be avoided if the
foot is ultimately to be preserved.

Timing of a limb lengthening or short-
ening is not as critical as an epiphyseod-
esis. If multiple lengthenings are antici-
pated they should be spaced out to allow
“normal” intervening life. Limb shortening
can be diaphyseal or subtrochanteric gen-
erally in the femur to avoid compartment
syndrome, neurovascular problems and
nonunions reported in tibial shortening.
Shortening should be < 6 cm to avoid per-
manent muscle weakness. Biomechanical
data suggests subtrochanteric shortening
may be preferable to diaphyseal. One must
anticipate temporary limb “fattening”,
weakness and knee extensor lag which
the patient should know. It takes at least
6 months to regain normal function and
the patient’s height will ultimately be that
standing on their short limb.

An epiphyseodesis is basically alimb
shortening over time. The percutaneous
technique is currently usually used although
the older Phemister method (6) and staples
(1, 2) also work. The general success of this
depends on the prediction of the amount
of ultimate discrepancy and the timing
of the epiphyseodesis. It also depends on
where the limb is short (thigh or leg) and
thus where the epiphyseodesis is done
(distal femur vs. proximal tibia or both).
Generally, the accuracy depends on having
multiple measurements over time espe-
cially if one is using the Moseley method
and graph (1988). Obtaining multiple bone
ages make the vagaries of bone age even
out over time. Using the Green-Anderson

(1963) or arithmetic method, multiple
measurements are not used which may or
may not be advantageous. Regardless of
choice, one should not mix methodologies
or types of radiographs as measurements
will vary particularly when trying to com-
pare different types of imaging.

The ideal epiphyseodesis patient has
a projected normal height, a straight limb,
multiple measurements over 3-4 years and
a projected ultimate difference of 2-5 cm.

Limb lengthening by any means
is arduous for the patient and
surgeon.

The patient and caregiver must be
committed to the process, careful follow-
up is necessary and ideally both proxi-
mal and distal joint function is good or
normal. In general all current forms of
limb lengthening require maturation of
the lengthened bone. The accurate assess-
ment of lengthened bone “hardness” is
difficult and thus problems of deformation
of regenerate bone still exist. Ideally, inter-
nal limb lengthening would be preferable
to an external uni- or multi-planar device.
Unfortunately, these devices, though under
development, are quite expensive and are
more complication-free in the femur than
the tibia. There is a mechanical femoral
device (Albizzia nail) and a hydraulic one.
There are anumber of potential prob-
lems with any limb elongation which have
been well detailed in the literature. Before
undertaking any lengthening these should
be well known to the surgeon and under-
stood by the patient. The limits of length-
ening are not known precisely. Generally,
lengthening for acquired problems (eg.
growth arrest from trauma) is easier than
for congenital issues (e.g. fibular hemime-
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lia). Only about 15 % lengthening should
be attempted per lengthening. This does
not mean that lengthening cannot be per-
formed multiple times only that at each
instance a huge lengthening should not be
attempted.

The following scenarios are meant to
be a guide for ultimate limb length equa-
lization. When undertaking equalization,
patient assets and liabilities must always
be considered in order to avoid possible
complications.

Patient A is an 8y.o. boy with a septic
growth arrest of the distal femur with
a straight bone. The projected discrepancy
will not be huge. If one obtains yearly
radiographic measurements for 3-5 years
and performs one lengthening for the pro-
jected (not actual) difference at age 12-13,
there is still time for an epiphyseodesis of
the normal side if there are major problems
with the lengthening or the entire amount
cannot be obtained.

Patient B is a 6y.0. with an incomplete
distal femoral growth arrest, about 10-15
degrees of deformity and currently 6 cm
of shortening. This is clearly someone who
will ultimately need 2 procedures, pro-
bably two lengthenings. The physeal bar
needs to be mapped (if possible by CT) to
see if it is potentially resectable. If so, bar
resection, deformity correction and length-
ening of 6-8 cm will leave one needing to
continue plotting discrepancy but will give
one a short, straight leg and not a progres-
sively more deformed one. Alternatively, if
the bar is un-resectable or assessment of
the bar cannot be done, completion of the
growth arrest (entire growth plate) will
eliminate recurrence of deformity.

Patient C has mild fibular hemimelia:
5 toes, ball-and-socket ankle, no coalition,
limb length discrepancy projected of only

9 cm. There are two possible treatment
options. One is to lengthen and correct
deformity now and then resume plotting
the discrepancy with a second lengthening
or epiphyseodesis later. The second is to do
nothing now and do one large procedure
later consisting of correction of deformity,
lengthening and simultaneous contralat-
eral epiphyseodesis.

Patient D is a 2 y.o. with fibular hemi-
melia, 4 toes, an abnormal hindfoot and an
ipsilateral short femur. Problems to consid-
er are: alarge projected 15-18 cm discrep-
ancy, two limb segment involvement, tibial
procurvatum and valgus, femoral retrover-
sion and distal valgus +/- proximal varus,
and a potentially unstable knee and ankle.
One should avoid limb lengthening until
the difference becomes unwieldy (usu-
ally age 4-6). Use a tapered shoe lift only if
using an AFO (ankle foot orthosis) or if the
heel cord is becoming tight from toe walk-
ing. One can then do alimited magnitude
(e.g. 8 cm combined) two-segment lengthe-
ning (probably with a circular fixator to
extend to the foot) and correct all tibial
and femoral deformities. When finished,
resume plotting the discrepancy and hope-
fully lengthen only one more time (+/- epi-
physeodesis) many years later.

The question arises now as to what limb
length inequality magnitude is current-
ly unmanageable. This is a controversial
topic but I truly believe that certain enti-
ties would be better served by amputation
or prosthesis than by lengthening. I think
that tibial aplasia with an inadequate exten-
sor mechanism will function best with an
early through-knee amputation. Ibelieve
that PFFD (proximal femoral focal defi-
ciency) without a “fixable” hip joint is not
able to be lengthened safely. A patient with
severe fibular hemimelia and fewer than
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3 toes cannot have agood “serviceable”
foot. As mentioned above, these issues are
controversial and this merely represents
my opinion.
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PUVODNI PRACE ¢ ORIGINAL PAPERS

BIOMECHANICKE A KRIMINALISTICKE ASPEKTY
PODOGRAMU DETI S KOSTNIMI DYSPLAZIEMI
A VROZENYMI KONCETINOVYMI DEFEKTY

BIOMECHANICAL AND CRIMINALISTIC ASPECTS
OF PODOGRAMS IN CHILDREN SUFFERING
FROM SOME BONE DYSPLASIAS AND CONGENITAL
LIMB DEFECTS

MARIK 1.D, STRAUS J.?, SOCHR T.?

D Ambulantni centrum pro vady pohybového aparitu afiliované
ke Katedfe antropologie a genetiky ¢lovéka, PfF UK v Praze

2 Policejni akademie CR Praha

SOUHRN

Price se zabyva vybranymi rozmérovymi charakteristikami podogramt u déti a dospé-
lych postizenych urcitou kostni dysplazii nebo koncetinovou vadou. Posledni publikovany
vyzkumny projekt byl zaméfen na charakteristiku podogramu skupiny zdravych ceskych
déti ve véku 5-17 let, u kterych bylo zjisSténo podografickym vySetfenim plochonozi rizné-
ho stupné nebo noha vyklenutd. Abnormdlni podogramy byly srovndny s normalnimi podo-
gramy. Na podogramech se hodnotily 3 rozmérové parametry (Sitka predni ¢asti chodidla,
sitka klenku a Sifka paty) v korelaci s vySkou a hmotnosti. Byla zjiSténa nestabilni zavislost
mezi $itkou predni ¢asti podogramu a hmotnosti ditéte s plochou nohou. S télesnou vySkou
a hmotnosti nejlépe koreluje $itka predni ¢asti chodidla na podogramu normalni a vysoké
nohy. PredloZzend vyzkumnd prace si klade za cil ovéfit domnénku, Ze stejné ¢i podobné
abnormadlni znaky v podogramu jsou patognomonické pro stejné generalizované nebo kon-
cetinové vady skeletu a obriacené, Ze stejné ¢i podobné podogramy se prokazuji u riiznych
vrozenych vad systémovych a koncetinovych. Autofi prezentuji jednak hodnoceni vybra-
nych geometrickych charakteristik podogramt (délka celého chodidla, délka chodidla
bez otiskll prsti, Sifka a Schwartziv thel) a jednak aplikaci stupnice otiskt (podogramil)
deformit nohou u vybranych koncetinovych vad (pes equinovarus, komplex femur-fibula-
-ulna aj.) a u nékterych systémovych vrozenych poruch (achondroplazie, hypochondro-
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plazie, osteogenesis imperfecta, vitamin D rezistentni kfivice, mnohocetné kartilaginosni
exostozy, Turnertiv syndrom aj.). Vysledky jsou dokumentovany v tabulce. Typické abnor-
malni nalezy u nékterych nosologickych jednotek jsou vyobrazeny. Hodnoceni vysledku
prokazalo, Ze aplikace stupnice podogramu deformit nohou ma vétsi vypovédni hodnotu
pro aplikaci v klinické praxi nez méfeni vybranych geometrickych parametra na otiscich
nohou. Ukazuje se nezbytné vytvofit stupnici otiski deformit nohou pro kazdou diagnézu.
Biomechanické charakteristiky podogramt mohou byt vyuZzity jednak pro diagnostiku
a monitorovini komplexniho 1é¢eni deformit a malformaci nohou a jednak pro identifi-
kaci osob v kriminalistické trasologii. Nejvyssi vypovédni hodnotu maji podogramy osob
s asymetrickou deformitou nebo malformaci nohy, napf. u komplexu femur-fibula-ulna.
Zpresnéni dokumentace biomechanickych charakteristik deformit nohou lze ocekavat od
méfeni rozloZzeni koncentrace tlakovych napéti na chodidle pomoci sofistikovanych tenso-
metra (napf. Footscan firmy RSscan, Belgium).

Klicova slova: podogramy, kriminalisticka trasologie, (patho)biomechanika, kostni
dysplazie, vrozené koncetinové vady

SUMMARY

The paper is concerned with dependence of representative podographic measure-
ments of children suffering from bone dysplasias and/or congenital limb defects. The last
research project was focused on podograms of children with flat foot and pes excavatus
that were compared with normal podograms of a group of Czech children at the age 5-17
years. In three types of podograms were analysed 3 exactly defined parameters of foot:
width of forefoot, width of fornix and width of heel. The forefoot width at podograms of
pes excavatus and normal (healthy) foot correlates the best with body height and weight.
There was established instable dependence of the forefoot width of flat foot on body
height and weight.

The aim of this research project was to prove hypothesis that there are the same /
similar extraordinary foot deformity at the same nosological units of generalized skeletal
abnormalities and vice versa to establish that the same / similar podograms (imprints) can
be observed in different systemic disorders and/or congenital limb defects. That is why
we have studied podograms of children suffering from some congenital foot and/or limb
deformities e.g. pes equinovarus, complex femur-fibula-ulna, etc. The next group that was
studied contained achondroplasia, hypochondroplasia, osteogenesis imperfecta, vitamin D
resistant rickets, multiple cartilaginous exostoses, Turner syndrom, etc. In this pilot's study,
there were measured and analysed as the representative geometric parameters (length of
sole, length of sole without toes, width of forefoot and angle of Schwarz) as the scale for
foot deformities. The results are documented in tables and at graphs. Significant atypical
podograms of foot deformities are demonstrated. Our assessment showed that the scale
for foot deformities is more valuable from the clinical point of view than the geometric
parameters measured at foot imprints. It should be made special scales for each diagnosis
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in future. Making and evaluation of podograms is simple and still very useful method for
diagnostics and monitoring of foot deformities treatment. Podograms can be used for
identification of persons in criminalistic trasology, too especially these of asymmetric
(unilateral) limb defects e.g. complex femur-fibula-ulna. Sofisticated measurement of
pressure distribution under the sole will be appropriate (e.g. Footscan firm RSscan,

Belgium, etc).

Key words: podograms, criminalistic trasology, (patho)biomechanics, bone dysplasi-

as, congenital limb defects

UVOD

Otisk (stopa) bosého chodidla zatize-
ného hmotnosti probanda se definuje jako
podogram. Podogram pfindsi fadu poznat-
ki o svalové kosternim aparatu osoby, ktera
otisk vytvorila. Zkoumani podogramu a de-
koédovani informace z nich se dnes vyuZziva
nejen v ortopedii, ortopedické protetice,
antropologii, fysiatrii a jinych klinickych
oborech, ale i v kriminalistice pro identifi-
kacni ucely v oblasti trasologické identifi-
kace (12, 14, 16). Je vSeobecné znimo, Ze
stopy bosé nohy zajisténé na misté trestné-
ho ¢inu nebo vysetfované udalosti nejsou
jednoznac¢né a pro urcitého jedince zcela
specifické. Pfi hodnoceni stop bosych cho-
didel je tfeba brat v iivahu okolnosti, které
mohou podogramy modifikovat, napf. jejich
rozdilnost v plo$né a objemové stopé (3D
zobrazeni), odliSny mechanismus vzniku
stopy pfi riznych druzich lokomoce (béh,
chtize, skok). Zilezi na anatomické dispo-
zici jedince (hmotnost, vySka téla, rizné
mechanické vlastnosti pojivové tkin¢ gene-
ticky predurcené), ale i na vlastnostech
podlozky (napf. tuhost, pruznost apod.)
nebo velikosti sil pfi interakci s povrchem
terénu apod. (11). Identifikaci osoby podle
stopy bosého chodidla lze provést pouze
tehdy, pokud je ve stopé odraZena repre-
sentativni kresba papilarnich linii - v tom-

to pfipadé je fadime mezi daktyloskopické
stopy. Kresba papildrnich linii nohy se zjis-
tuje z tzv. plantogramu, ktery se ziska otis-
kem bosé nohy, natené tiskarskou Cerni, na
list bilého papiru. Papilarni linie a vzory na
chodidle stejné jako dermatoglyfické vzory
na rukou a prstech jsou pro kazdého clové-
ka zcela individudlni, specifické, geneticky
podminéné a je mozné je vyuzit v identifi-
ka¢nim zkoumani. Vyznamné identifika¢ni
individualni znaky na plantogramu zane-
chaji také ziskané zmény mékkych tkini
chodidla (po trazu, zidnétu aj), které se
projevuji napf. jizvou, kterda méni papilarni
vzory a linie na chodidle, nebo i skeletu
nohy, coz se projevi abnormilnim tvarem
nohy, asymetrickym rozloZenim koncentra-
ce tlaku pod chodidlem apod.

Z podogramu lze usuzovat na vysku
a hmotnost jedince, ktery stopu zanechal.
Teoreticky rozbor problematiky podogra-
mu, studium podogramu a snaha o sta-
noveni individudlnich identifika¢nich
znaki nejsou v kriminalistice novou véci.
Myslenku individudlnosti stopy bosé nohy
uvadi naptiklad H. Gross v prvnim vydini
,~Handbuch fiir Untersuchungsrichter als
System der Kriminalistik“ (3). Objevuje se
také v kriminalistickych ucebnicich ve 30.
a50. letech. Prvni védecké publikace, které
objasfiovaly mechanismus vzniku podo-
gramu a moznost vyuZziti pro individudlni
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identifikaci, byly publikovany v sedmdesa-
tych a osmdesatych letech (12, 13, 8).
Mechanismus vzniku stopy bosé nohy
v klidovych podminkich odpovidd mecha-
nismu vzniku podogramu. Ten spocivd
v dokonalém otisku chodidla bosé nohy
na podlozku. Ve stoje na obou nohou se
téla, coZz odpovida svislici spusténé z tézis-
té téla (z oblasti promontoria) mezi opér-
né plochy chodidel pfiblizné medialné od
navikuldrnich kosti (2). Pfi stoji na jedné
noze svisla téznice prochdzi asi uprostied
délky nohy, tj. clunkovou kosti. Pfi klidném
stoji na obou nebo jedné noze se noha
opira o podlozku bfisky prsti, hlavickami
zandartnich kosti, zevnim okrajem chodidla
a hrbolem kosti patni. Cist plochy cho-
didla a téméf cely vnitfni okraj je klenu-
ty. Pro dalsi studium je nutné se alespon
ve strucnosti zminit o anatomické stavbé
a normalni funkci lidské nohy. Aby téleso
bylo stabilni, musi byt podepfeno ve tiech
tyto body, do plochy opory. Normalni noha
ma tedy tfi body opory, které lezi v kontakt-
nich plochich - kosti patni, hlavici prvého
metatarzu (palce) a hlavici patého meta-
tarzu (maliku). Mezi témito body je tvore-
no klenuti nohy. Klenba se skladd z péti
podélnych paprskii. Vpfedu jsou pomérné
volné a mnohonasobné rozclenéné, a tak
umoZiiuji co nejdokonalejsi prizplisobeni
tvaru nohy podloZce. Vzadu maji pohybli-
vost nepatrnou a jsou masivné stavény, aby
unesly velké zatiZeni. Pfi stoji na rovném
horizontdlnim povrchu se pfendsi u nor-
malniho zdravého chodidla pfiblizné polo-
vina zatiZzeni do okoli zadniho opérného
bodu, kde je vnitfni medidlni a vnéjsi late-
ralni vybézek patni kosti. Tretina zatiZeni
se prendsi do oblasti pfedniho vnitfniho
opérného bodu, kde je hlavicka prvni meta-

tarzalni kosti. Sestinu zatizeni pak pfenasi
oblast vnéjsiho laterdlniho opérného bodu,
kde je hlavicka paté metatarzalni Kosti.
Podle Z. Sobotky (10) se koncentrace tla-
kovych napéti na chodidle soustfeduje do
okoli staticky urcité trojnozky opérnych
bodt, kdy se dotyk neméni pfi libovolné
nerovném povrchu. Tento stav je naruSen
u plochého chodidla, kdy je dotykova plo-
cha s terénem nadmérné velikd a kazda
nerovnost terénu se pak citelné projevuje
i bolesti pro statickou neurcitost dotyku.
Naopak u vyklenuté nohy jsou dotykové
plochy v okoli opérnych bodt pfili§ malé
a napéti na nich dosahuje nadmérnych
hodnot, coz zptisobuje nadmérné namaha-
ni pficné i podélné klenby chodidla.

Price z poslednich let (napf. 9) ukazu-
ji, ze tento klasicky model staticky urcité
trojnozky opérnych boda (4, 10) ma jen
omezenou platnost u zdravych nohou mla-
dych jedincu. Neplati u starSich osob a no-
hou s deformitami vrozenymi ¢i ziskanymi.
Protoze stoj neni staticky stav, uvazuje se
dnes o dynamickém tfibodovém systému,
kde se kontinudlné méni kombinace opér-
nych bodd. M¢kké tkané pod opérnymi
body rozkladaji zatiZzeni do okolni vétsi
plochy (17).

Stopa bosé nohy na misté ¢inu se muze
nachdzet bud samostatné, jako jednotliva
trasologicka stopa, nebo se odrazi ve stélce
obuvi, v které mtiZe zanechat vyhodnotitel-
né stopy, které mohou pripadné podavat
informaci o deformacich ¢i jinych anoma-
liich nohy. Individudlni identifikace ¢lové-
ka podle stop bosych nohou nebo otisku
jednoho chodidla je slozitym teoretickym
i praktickym problémem. Dosud nebyl
uspokojivé vyfeSen postup, jak toto identifi-
kacnizkoumani dovrsit (samoziejmé pokud
v trasologické stopé nebyl prokdzin odraz
daktyloskopickych vzora). V nasi krimina-
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listické literatufe byly stanoveny zdkladni
parametry stopy chodidla bosé nohy; urcité
moznosti ke stanoveni identifikace osoby
lze spatfovat ve vymezeni thlu palce, thlu
stopy a stupné€ plochosti chodidla. Tento
postup znamena pouze teoreticky zacitek,
ktery poukidzal na moznosti dal§ich identi-
fika¢nich zkoumani a zaroven na sloZitost
celého problému. MoZnost zlepSeni iden-
tifika¢niho zkoumdani stopy bosé nohy je
okrajové popsdna i v zahrani¢ni literatu-
fe (16). Pfi zkoumini biomechanického
obsahu podogramu je nejvétsi pozornost
zaméfena na geometrické znaky podogra-
mu, které podavaji informaci predevSim
o télesné vySce osoby. Dynamické znaky
podogramu informuji o télesné hmotnosti
osoby. Z podogramu tak muZeme usuzo-
vat na somatotyp pachatele a odvodit i tzv.
body mass index (BMI).

Dosud realizované vyzkumy smérem
k pozniani biomechanického obsahu po-
dogramu bosé nohy byly orientoviny na
dekodovani kriminalisticky relevantni in-
formace z podogramu normdilni zdravé
nedeformované nohy. Studiu podogramu
déti a mladistvych se vénoval J. Straus (15).
Potvrdil nékteré vySe uvedené zavéry, zis-
kané pfi studiu nohy dospélé. Zjistil, Ze
podle rozmért predni ¢asti nohy je mozné
predikovat a s jistou pfesnosti vypocitat
télesnou hmotnost v pfipadech normalni
a vysoké nohy. Zcela odliSné a nestandard-
ni parametry byly ziskdny z analyzy plo-
ché nohy: pfi méfenich a vypoctech mezi
predni ¢asti chodidla a télesnou hmotnosti
nebyly zjistény signifikantni vztahy - nelze
je matematicky definovat. Se zvySujici se
hmotnosti téla se zvétSuje nepiesnost odha-
du télesné hmotnosti. Plochd noha je zcela
individudlni a neposkytuje Zddné moznosti
predikce hmotnosti nebo vysky. Byla studo-
vana i zavislost délky nohy na véku u chlap-

cu a divek ve véku 10-17 let, vysledky byly
graficky zpracovany a jsou vyuzitelné v kli-
nické praxi (5).

Vyzkum podogramt jedinc s konce-
tinovymi, kombinovanymi ¢i systémovy-
mi vadami nebyl zatim uskutec¢nén. Pri
biomechanickém hodnoceni podogramu
jedincti s vrozenymi koncetinovymi nebo
kombinovanymi a systémovymi vadami lze
predpokladat, Ze stejné nozologické jednot-
ky budou vykazovat specifické zvlaStnosti
v podogramech, coz bude pro identifikaci
vady (osoby) statisticky vyznamné. Naopak
se predpokldda, Ze stejné ¢i podobné typy
podogrami se budou zjistovat u riznych
systémovych vad. V téchto pfipadech iden-
tifikace vady (osoby) podle podogramu
nebude mozZnd. Dnes jiZ je jisté, Ze speci-
fické vyznamné stopy vyuzitelné v identi-
fikacnim zkoumdni mutZe zanechat pouze
noha deformovani vlivem turazu, operace
nebo stopa chodidla s vrozenymi ¢i ziska-
nymi vadami.

Cilem vyzkumného projektu bylo sta-
novit biomechanické charakteristiky podo-
gramll u vybranych koncetinovych a sys-
témovych vad skeletu, které bude mozné
vyuZzivat jak k monitorovani vyvoje defor-
mity béhem ristu a hodnoceni pribéhu
léceni vady, tak k individudlni identifikaci
postizenych jedinct.

SOUBOR PAC{I«;NTI";
A METODY MERENI

Biomechanicka analyza podogramu,
ziskanych otisknutim levého a pravého
chodidla zatiZeného hmotnosti probanda,
byla provedena u heterogenni skupiny 180
chlapct a divek rizného véku, postizenych
ziskanymi nejcastéji neurogennimi vadami
nebo vrozenymi koncetinovymi deformi-
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tami a systémovymi vadami. Soubor jsme
s ohledem na signifikantni pocty pacient
s urcitou klinicko-genetickou diagnozou
zredukovali. Biomechanické hodnoceni
podogrami deformit nohou bylo prove-
deno u osmi klinicko-genetickych diagnoz:
pes equinovarus congenitus (1), komplex
femur-fibul-ulna, achondroplazie, hypo-
chondroplazie, osteogenesis imperfecta,
vitamin D rezistentni kifivice, mnohocet-
né kartilaginosni exostozy a Turnertv syn-
drom (7).

Podogramy pro méfeni byly ziskiva-
ny bézné uzivanym zpusobem, kterym se
odebiraji mérné podklady k zhotoveni indi-
vidudlnich vloZek do bot. VySetfovany jedi-
nec nakroci jednou (pak druhou) nohou
(malé dité je postaveno) na jemnou pryzo-
vou folii, natfenou tiskarskou Cerni, ktera
je volné poloZzena na rovné pevné pod-
loZce s bilym nelesklym papirem (princip
razitka), a zatizi nohu (malé dité obé nohy
najednou) hmotnosti téla. Podogramy byly
ziskany od pacientd s riznymi vrozenymi
deformitami nohou se snahou, aby celé
deformované chodidlo (i s prsty) bylo co
nejvice zobrazeno na podogramu.

Na kazdém podogramu byly méfeny
Ctyfi geometrické parametry (obr. 1) v cen-
timetrech s presnosti 0,1 cm:

X1 - délka celého chodidla

X2 - délka chodidla bez otiskt prsti

Nékteré podogramy bosych nohou s vy-
vojovou vadou postradaji obtisky vSech
prstu, a proto v téchto pripadech byly para-
metry X1 a X2 shodné.

X3 - sifka chodidla byla méfena v pred-
ni ¢asti od vnitfniho okraje hlavicky 1.
metatarzu k vnéjSimu okraji hlavicky 5.
metatarzu (isecka AD).

Vidy muze dojit k mirnému zkresleni
pfi urceni presné polohy okrajovych bodu
prednozi.

Schwartziiv uhel: tento thel je tvofen
te¢nou vnitini strany chodidla a te¢nou
protinajici vrchol vnitini pfedni strany

chodidla a nejuzsi ¢ast isthmu chodidla.

0%

Obr. 1. Schéma méfeni Schwartzova thlu.

U vSech méfenych podogrami byl
vypocitan tzv. index I, ktery se vypocitd
délenim parametru X1 parametrem X3.
Tento index muZeme matematicky vyjadrit
jako: I = X1/X3.

Vsechny méfrené podogramy probandu
byly zatazeny podle tvaru otisku, pozorova-
ného stupné plochosti, exkavace, equino-
varozity ¢i equinovalgozity do typt podo-
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Obr. 2. Schema stupnice typu deformit nohou (podle 6, 1) pouZité pro hodnoceni podogramui pro-
bandu. Jednotlivé typy podogramu jsou oznaceny velkymi pismeny. Podogram deformované nohy je
pfifazen podle podobnosti k jednomu ¢i vice typim.

gramu podle schema stupnice deformit
nohou. Jedna se o subjektivni pfirovnini
podogramti probandu k nejpodobnéjsimu
typu na uvedené stupnici (obr. 2).

VYSLEDKY

Biomechanickd analyza podogramu
obou nohou byla provedena u souboru
60 déti s vybranymi klinicko-genetickymi
diagnézami. Vysledky prace jsou uvedeny
v tabulce 1.

Z méfenych geometrickych parametrti
jsou pro charakteristiku vrozené nebo zis-
kané deformity nohy vyznamné index I =
X1/X3, thel o a typ nohy. Byly zazname-
nany zna¢né rozdily ve velikostech thlu
o a prabéh indexu I byl charakterizovin
jako nestabilni. RGzny typ nohy, zjiStény
v ramci jedné diagnodzy, je v souhlase s pro-
ménlivym thlem o. Cim vétsi stupefi plo-
chosti podogram vykazoval, tim vice se
zmenSila hodnota méfeného Schwartzova
thlu a. U podogramt se zna¢nym stupném
plochosti ve vétsiné€ pripada nebylo mozné

Diagnéza Pocet 1=X1/X3 Uhel alfa [°] Typ nohy
EQV (obr. 3) 7 230021 64,638 U, A Z

FFU (obr. 4) 4 2,74+ 0,25 80,4 + 1,7 D, B,

ACH (obr. 5) 15 2,45 £ 0,22 70,0 £ 2,9 AB D, Z
HCH 4 2,49 + 0,22 70,2 £ 2,6 AN

OI (obr. 6) 14 2,73 £ 0,26 77,6 £ 2,1 Z,B,D,N,Y
VDRR 9 2,38 + 0,22 76,7 £+ 22 N, A,

MKE 4 2,65 + 0,23 639+35 Z,N

TS 3 2,45 + 0,21 625 +3,7 Z,N

Tabulka 1: obsahuje pocty vySetfenych pacientii u jednotlivych nozologickych jednotek, index I = X1/X3,
prumérny uhel alfa a typy podogrami, ke kterym bylo mozno otisk deformované nohy pfiradit.
Vysvétlivky: EQV - pes equinovarus congenitus, FFU - komplex femur-fibul-ulna, ACH - achondropla-
zie, HCH - hypochondroplazie, OI - osteogenesis imperfecta, VDRR - vitamin D rezistentni kfivice,
MKE - mnohocetné kartilaginosni exostozy, TS - Turnerav syndrom
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Obr. 3. Pes equinovarus congenitus (EQV) L sin. - rezidudlni deformita po konzervativnim léceni
- divka 6 let: Levd noha: X1 = 17,3 cm, X2 = 15,4 cm, X3 = 7,0 cm, Ghel o = 29°, index I = 2,47, typ nohy
A. Pravd noha: X1 = 15,3 cm, X2 = 13,9 cm, X3 = 6,5 cm, thel a = 48°, index I = 2,35, typ nohy U.

tento thel zméfit. Cim vice jedincl se
stejnou deformitou ¢i diagnézou bylo hod-
noceno, tim vétsi byl pocet rtznych typa
podogramt, ke kterym bylo moZno otisk
nohy pfirovnat. Méfenymi geometrickymi
parametry jsme prokdzali u vSech hodno-
cenych probandu bez ohledu na deformitu
nohy ¢i diagnézu signifikantni asymetrii
v podogramu levé a pravé nohy.

DISKUSE

Hodnoceni vysledkt studie prokazalo,
Ze aplikace stupnice podogramti deformit
nohou ma pro charakteristiku diagnozy
vady ¢i deformity vétsi vypovédni hodnotu
nez méfeni vybranych geometrickych para-
metrd na otiscich nohou, a proto je 1épe
vyuzitelnd v klinické praxi. Biomechanické
charakteristiky podogramu (tj. geometrické
parametry i stupnice typu deformit nohou)
mohou byt vyuZity jednak pro diagnostiku
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Obr. 4. Komplex femur-fibula-ulna (FFU) L. dx. - chlapec 16 let: Levd noha: X1 = 25,5 cm, X2 =
21,3 cm, X3 = 9,5 cm, thel a = 46°, index I = 2,68, typ nohy N, A. Pravd noha: X1 = 13,9 cm, X2 =
8,7 cm, X3 = 5,0 cm, thel a = ?, index I = 2,78, typ nohy ?

a monitorovani komplexniho léc¢eni defor-
mit a malformaci nohou a jednak pro iden-
tifikaci osob v kriminalistické trasologii.
Byla potvrzena hypotéza, Ze stejnd vro-
zend vada pohybového aparitu vykazuje
podobné abnormadlni znaky v podogramu

a na druhé strané podobné podogramy jsou
pfitomny u rtznych vrozenych vad systé-
movych a koncetinovych (15). Byl potvrzen
i predpoklad, Ze podogramy nohou u systé-
movych vad jsou asymetrické - nejsou zrca-
dlové shodné - v dasledku razné vyjadiené
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Obr. 5. Achondroplazie (ACH) - chlapec 8,5 roku: Levd noha: X1 = 17,3 cm, X2 = 14,9 cm, X3 =
7,5 cm, thel o = 50°, index I = 2,31, typ nohy N. Pravd noha: X1 = 17,0 cm, X2 = 14,6 cm, X3 = 7,5 cm,

dhel a = 49°, index I = 2,27, typ nohy Z.

laterality postiZeni (obr. 3, 6). Toto pozoro-
vani je ve shodé¢ s vysledky studie pro zjisto-
vani symetrie zatéZe dolnich koncetin resp.
nohou ve stoji na dvou digitilnich vahich
a na tenzometrickych plosinich u zdravych
mladych jedincti (2). Absolutni hodnoty
pramérné diference na vahich byly 2,11 kg
a na tenzometrickych ploSinach 2,85 kg.
Byl zjistén i rozdil mezi maximdlnim a mi-
nimalnim zatiZenim jedné dolni koncetiny
v ¢asovém intervalu 10 s a stanovena smé-
rodatnd odchylka pro tyto hodnoty, kterd
vyjadfovala ,miru titubace® v klidném stoji.
Jeji primérnd hodnota byla 0,729 kg. Lze

dedukovat, Ze u vrozenych koncetinovych
vad i systémovych vad pohybového aparitu
je rozdil zatizeni nohou podstatné vEtsi,
coz se vyznamné projevi v biomechanic-
kém obsahu podogramt déti s vrozenymi
vadami.

Vrozené nebo ziskané vady nohou jsou
pfipadem, kdy pfednozi v diisledku svalové
dysbalance, kontraktur a naslednych dege-
nerativnich zmén ztraci svoji pruznost, coz
md za nasledek asymetrické skeletilni, ale
i trofické zmény ktiZze a podkozi jedné nebo
obou nohou, napf. u rigidniho pes equino-
varus nebo malformované nohy u komple-
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Obr. 6. Osteogenesis imperfecta - pes cavus bilat. 2. stupné - 9 let: Levd noha: X1 = 20,2 cm, X2 =
16,8 cm, X3 = 7,6 cm, thel o = 54°, index I = 2,66, typ nohy Y. Pravd noha: X1 = 19,6 cm, X2 = 16,6 cm,
X3 = 7,6 cm, thel a = 55°, index I = 2,58, typ nohy Y.

xu femur-fibula-ulna (obr. 4, 5). Pravé tyto
asymetrické deformity nebo malformace
nohy poskytuji v podogramu individudlné
charakteristické identifika¢ni znaky osoby
a z kriminalistického pohledu maji nejvyssi
vypovédni hodnotu.

Zhotoveni a hodnoceni podogramt je

jednoduchou a velmi uzite¢cnou metodou

pro dokumentaci zdvaznosti deformit ¢i
vad nohou a monitorovani uspéchu léce-
ni. Zpfesnéni biomechanickych charak-
teristik deformit nohou lze ocekavat od
méfeni rozloZzeni koncentrace tlakovych
napéti pod chodidlem ve stoje i pfi chtzi
pomoci sofistikovanych tensometrti (napf.
Footscan firmy RSscan, Belgium).
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ZAVER

Pfispévek je orientovan na feSeni
dosud nezkoumanych znakG biomecha-
nického obsahu podogramt nohou u né-
kterych koncetinovych a systémovych vad
pohybového aparitu déti na zakladé hod-
noceni jednak vybranych geometrickych
parametrt a jednak aplikace stupnice typu
deformit nohou, jeZ byla pouzita pro hod-
noceni podogramu probandu. Ukazuje se
potieba vytvorit stupnici otiski deformit
nohou pro jednotlivé vrozené vady resp.
diagnozy s vyuzitim méfeni rozloZeni kon-
centrace tlakovych napéti pod chodidlem
ve stoje i pfi chizi pomoci sofistikova-

poznatky o patobiomechanice nohou.
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NEKTERE ZAKLADNI ASPEKTY ZABEZPECU]JICI
UCINNOU A DLOUHODOBOU STABILITU
KOMPOZITNICH KYCELNICH IMPLANTATU

SOME FUNDAMENTAL ASPECTS SECURING
THE EFFECTIVE LONG-TERM STABILITY
OF COMPOSITE HIP REPLACEMENT

PETRTYL M., ADAM M., BASTL Z., DANESOVA J.,
HULEJOVA H., MARIK I., JIRA A.

SUMMARY

Provision of a long-term functional stability of the inanimate implants in the live sur-
roundings is a complex and quite an uneasy task. The exacting character of an effort that
is made to “connect” two substantially different materials, the inanimate and live ones, is
given by a principal difference in materials*) and biomaterials**) in all structural levels.
Biological materials differ from non-biological materials in mechanical, physical and chemi-
cal properties; their mechanical, physical and chemical behaviors are different. In view of
the fact that, up to now, contemporary technologies/biotechnologies have not been able
to “create” the adequate (“live”) materials corresponding with natural biomaterials, we are
faced with the task to find such materials that, at least at some aspects, approximate to bio-
logical structures and biological properties. If some principles of regulations are applied,
the stability of the inanimate implants in alive tissue can be safeguarded. The presented
paper/project is focused on the regulation of mechanical properties of implant stems; on
the regulations of cell orientation, and, subsequently, on the control of directions of col-
lagen fibres (transferring dominant stresses) on the interface between the implant and the
live tissue; on the creation of physical bond fields of atoms of some elements (safeguarding
the bonds with the “partnership” atoms in collagen molecules); on the regulations of CPH

*) In a given sense, materials (implants) are conceived as substances of a non-biological origin. Even though
some of them can be tolerated by the live environment (tissues), they are not capable of “being integrated” in
metabolic processes, they cannot be biologically modelled or remodelled. On the basis of these aspects, they
are not biocompatible. The general meaning “biomaterial” used as an attribute for the inanimate materials is
not precise. Simultaneously, the inanimate materials are often inaccurately included in the group of biocompa-
tible materials. In fact, these are the materials that are tolerated by the biological environment.

**) Biomaterials are substances in which metabolic processes can proceed; they are capable of reproducing.
In most cases, some biomaterials can be biocompatible.
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mediators (collagen-proteoglycans-growth hormones); and on the regulation (accelera-

tion) of the new creation of a cortical bone.

Key words: biomechanics, biochemistry, replacements, hip stems, molecular bonds,

regulation

INTRODUCTION

At present, the most widespread
implants in the clinical practice are the
implants of the 1%t generation. These
implants are mostly tolerated***) by the
biological environment. The implants of
the 1% generation substantially differ from
the live materials in their shapes, struc-
tures, behaviour and properties. There are
no metabolic processes in them, they are
not biocompatible (the word frequently
used for their description). For example,
the present-day rigid hip implants of the 15
generation inter-react with a cortical bone
in the femur diaphysis merely mechanical-
ly. They create “stress/strain shield” which
reduces the diaphyses deformation and
increases the bending rigidity of the dia-
physis-implant system. The rigid implants
reduce the natural deformations of a cor-
tical bone, which, in some cases, results
in reducing their stability in the cavity of
a medullar canal, in their undesirable rota-
tions, or in the combinations of rotations
with shears.

The implants of the 27 generation are
biologically tolerated artificial replace-
ments which, in some mechanical proper-

ties, can approximate to the mechanical
properties of a cortical bone. If a compos-
ite hip implant of the 2" generation is
properly designed, the translations of the
highest stresses can be identified from
their surfaces in the direction towards the
centre, and the “shield effect” on a cortical
bone can be reduced.

One of the principal indicators of
a correct function of the implants in the
femur cavity is their mechanical and physi-
cal stability. Mechanical stability of the
implants in the femur cavity means their
long-term (ideally permanent) mechanical
contact with the tissue. Physical stability
of the implants of the 15t and 2™ generation
in the femur cavity means their long-term
physical compatibility with the tissue.

Mechanical compatibility
with the tissue

Mechanical compatibility with the tis-
sue is a mechanical contact on the inter-
face between an implant and atissue at
pressure stress. Mechanical compatibility
with the tissue does not represent the bio-
compatibility of the implant with a bone
tissue.

***) In spite of the fact that the applied implants are tolerated by the surrounding biological environment, they
are not considered “bio tolerant” materials, because they “do not tolerate” the presence of the live environment
since they “do not perceive” this environment biologically. The tolerance or intolerance can be manifested
merely by the surrounding live environment in regard to the inanimate implant, to which, in case of intole-
rance, it responds adequately by destroying it or forcing it out. In this way, bio tolerance merely applies to the
relation between the tissue - live environment and the inanimate (heterogenous) material.
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Physical compatibility
with the tissue

Physical compatibility with the tissues
a physical bond between an implant and
a live tissue (a cortical bone) implemented,
for example, by covalent (or ionic) bonds
between the atoms/ions on the surface
of the implant and collagen (a matrix of
a cortical bone or a mediator film CPH, see
hereinafter). This bond can be spatially
orientated in the directions of the domi-
nant principal stresses/strains. Physical
compatibility between the inanimate mate-
rial (an implant) and the live biomaterial
(a cortical bone) does not represent the
biocompatibility. The continuous biome-
chanical chemical modelling/remodelling
processes cannot take place between the
two fundamentally heterogeneous mate-
rials, one of which is inanimate and the
other one is live.

The objective of this work was to
find principal regulators of the stabili-
ty of artificial replacements (implants).
In particular, the work was focused on the
control of their mechanical properties; on
regulating the orientation of cells; and,
subsequently, on controlling the directions
of collagen fibres (transferring the domi-
nant stresses); on creating the fields of the
implanted binding atoms of some elements
(safeguarding the bonds with the “partner-
ship” atoms in the collagen molecules), on
regulating the CPH mediators (collagen-
proteoglycans-growth hormones); and on
regulating (acceleration) the new creation
of a cortical bone.

METHODS AND
DISCUSSION

a) Regulation of mechanical
properties

The effect of the “strain-stress shield”
of arigid stem on a cortical bone can be
reduced by the application of a composite
stem with the gradient of elastic proper-
ties, Fig. 1.

The elastic properties of the surface of
the implant (its surface layer) must be iden-
tical or close to the elastic properties of
a cortical bone. This layer was developed

b

Fig. 1. The translation of normal stresses (the
dark strips) from surface layer of composite hip
replacement to the central longitudinal stem axis.
The lowering of normal stresses in the wall of the
diaphysis to the physiologically natural level.
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Fig. 2a. Chaotic cell distributions on the stem surfaces without the application of SRCO®

from a polymer matrix COC (cycloolefin)
and reinforcing glass/carbon fibres with
a resultant module of elasticity E = 20 GPa.

b) Regulation of cell orientation

The orientation (sequencing) of cells
in the assumed directions of the dominant
principal stresses/strains was carried out
by means of SRCO® method (Structural
Regulation of Cell Orientations) patented
by Petrtyl @ Adam, Fig. 2b. The com-
parison of structural regulated fibroblast
fields (on the surface of COC-polymer)
and not oriented fibroblasts is obvious
from Fig. 2a and Fig. 2b. The longitudinal
axes of cells are oriented in the dominant
directions of principal stresses. Also the
collagen fibres in soft tissues have/can
have the same orientation.

The dominant directions of principal
stress o in biological structural elements
are the most frequently used directions of
the relatively highest principal (and domi-
nant) stresses, i.e. the long-term acting (and
also most frequently occurring) stresses.
For example the collagen molecular chains
at ligaments/tendons are oriented in the
directions of principal stresses. Also at
bones are principal dominant loads dis-
tributed by fundamental bearing elements
in all levels of a bone structure. As exam-
ple, we can present the orientation of oste-
ons on the femur surface areas, Fig. 3 and
Fig. 4. The similar distributions of osteons
are in endosteal parts of femur.

The impact of stress distributions on
orientation ligaments in periosteal areas has
principally (“more/less”) similar influences
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Fig. 2b. Structural Regulation of Cell Orientation on the stem COC (cycloolefin) surfaces (SRCO®),

patented by Petrtyl@Adam.

on orientation of collagen chains in endo-
steal areas.

Collagen molecular chains of mediator
films (on the surfaces of replacements)
have efforts for orientation in the direc-
tions of cell-populations. The sequenced
cells (fibroblasts/preosteoblasts - osteob-
lasts) in the predetermined directions make
it possible to orientate the collagen fibres
of CPH mediators in these directions.

¢) Surface modifications of the
Topas COC 8007 polymers and
their relation to the collagen
immobilization

In order to provide physical bonds
between the surface of an artificial replace-
ment and the atoms of collagen, the sur-
faces of the Topas COC (cycloolefin) 8007

polymer matrix were modified by the
action of oxygen and nitrogen plasma. The
plasmatic modifications of the surfaces of
the Topas COC 8007 polymer were car-
ried out in three pieces of apparatus: 1) in
a standard microwave oven; and 2) in two
different pieces of apparatus developed at
the Faculty of Mechanical Engineering of
the Technical University in Liberec.

When the plasmatic modification was
conducted in the microwave oven, the sur-
faces with the highest hydrophilicity were
obtained when the oxygen or nitrogen
pressure was 1 Pa, with a double exposure
taking place always for 5 seconds.

After optimizing conditions for the
surface modification with regard to
achieving the maximum hydrophilicity
of the surface, the samples were exam-
ined by the XPS method with the aim of
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Fig. 3 Orientation of osteons on the femur surfaces (determined by Heft-Fiala-Petrtyl, 1993).
Longitudinal axes of osteons are oriented in the direction of the dominant principal stresses.

identifying their chemistry and popula-
tion of chemical groups present on the
surface. After plasmatic treatment, the
components with higher values of bind-
ing energy occurred in the C 1s spectra of
electrons (see Fig. 5).

The measured C 1s spectra of electrons
showed, with the exception of the mother
line, at 284.8 eV, the presence of other three
components with binding energies higher
by 1.5, 2.9 and 4.3 eV. These components
can be included in groups C-O, C=0 and

0-C=0. The measured C1s electron spectra
of the sample after treating with the nitro-
gen plasma are presented on Fig. 5.

For examining the collagen adsorption,
stable samples whose surface composi-
tion did not change in time were used.
The occurrence of adsorbed collagen was
identified as aline of N 1s electrons in the
spectrum (see Fig. 6).
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Fig. 4 Scheme of the osteon orientation; the
distributions of compression and tension stress
fields on the bone surface at the left femur of
man (determined by Heft-Fiala-Petrtyl, 1993).

Med. Ant.

Torsion

Untreated MW oven Oz x2

RF O2100 P a 20W MW Gen. O2 HP

Intensity (arb. units)

278 280 282 284 286 288 290 292 278 280 282 284 286 288 290 292
Binding energy (eV)

Fig. 5 C 1s spectra of electrons of unmodified and modified samples
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a) MW oven Oz x2

b) After Collagen adsorbtion

Intensity (arb. units)

0 200 400 600 800 1000
Binding energy (eV)

Fig. 6 Collagen adsorption leads to the occurren-
ce of N 1s line in the photoelectron spectrum

d) Application of mediator films

The mediator CPH films (made from
collagen, proteoglycans and growth hor-
mones) were applied on the COC surface.
Verifying the CPH on the COC surface (in
vitro) showed very good cell prolifera-
tion and cell differentiation.

e) Acceleration of the new creation
of a cortical bone

Modelling and subsequent remodelling
of a cortical bone on the interface between

the implant and the bone is determined
by long-term changes in stresses/strains.
Reducing the “shield” effect of the rigid
stems results in the increase in stress-
changes of a cortical bone on its interface
with the implant. Positive changes in stress
will accelerate the tissue modelling and
safeguard the long-term functioning of the
implant.

CONCLUSIONS

On the basis of the theoretical know-
ledge and the results of the experiments,
the following conclusions can be made:

1. The long-term functional stability of
the implants of the 1%t and 2"¢ genera-
tion in the live tissue can be ensured by
creating the fields of active physical
bonds between the binding atoms
(implanted) on the surface of the
artificial replacements and the “part-
nership” binding atoms of the collagen
molecules.

2. The long-term functional stability of the
implants of the 1% and 27 generation is
dependent on the mechanical proper-
ties of the implant, on the type of mate-
rial, on the morphology of its surface,
on implanting the suitable atoms in the
surface areas of the implant, on the type
of a CPH mediator and on remodelling
limits of the cortical bone. It is nitrogen
that has been found the most suitab-
le element for creating the physical
binding fields with the COC.

3. The long-term functional stability of the
implants of the 1%t and 2"¢ generation
can be ensured as follows:

A. by creation of binding fields on the

implant surface;
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B. by application/regulation of the
mediator film-CPH type;

C. by regulation of the remodelling pro-
cesses in the cortical bone by stress

. By installing the binding fields of the
nitrogen atoms on the surface of
the implants (with asurface layer
made up of the COC polymer), the
binding field with a partnership field
of atoms that are part of collagen mol-
ecules can be created.

. Onthe basis of result comparison (values
of the ratio of atomic concentrations N/
C and on condition that the thickness
of the adsorbed layer is homogeneous),
the thickness of the collagen layer
represents 1-2 monolayers.

. By the application of the CPH mediator
films, the proliferation of osteoblasts
can be accelerated with the subsequent
development of the osteoid and its mine-
ralization.

. Asmall amount of oxygen was also
present on the unmodified surface of
the polymer. Treating with the oxy-
gen plasma leads to the develop-
ment of polar groups C-O, C=0, O-
C=0 whose population is dependent on
the applied method of modification. The
up-to-now results show that the stable
hydrophilization of the surface can
be achieved by means of the surface
modification in a microwave reac-
tor.

. The adsorbed collagen can be identified
in the N 1s spectra of electrons through
the presence of amino- and amido-
groups. In the applied experimental
conditions, the collagen adsorption
took place also on the unmodified sur-
Jaces of the polymer, however, in about
a half of amount in comparison with
the modified surfaces.

9. By increasing the changes in stress in
the cortical bone, as a result of minimiz-
ing the “shield effect”, the conditions
for accelerating the thickening in
the cortical bone in the areas at the
interface of the implant and the cortical
bone were initiated.

10.The directions of collagen fibres can be
controlled by means of SRCO® tech-
nology which makes it possible to
ensure the spatially predetermined
orientation of cells in the dominant
directions of principal stresses/
strains. Also, collagen fibres will be
orientated in these directions (simi-
larly the collagen fibres of ligaments are
orientated towards the diaphyses, i.e.
they mediate the force transition from
the muscles to the diaphyses and vice
versa).

Acknowledgements

This paper has been supported by the
grant of GACR No. 106/03/0255

REFERENCES

1. HERT J., FIALA P, PETRTYL M.. Osteon
Orientation of the Diaphysis of the Long Bones
in Man*, Bone, Vol. 15, No. 3, 1993, pp. 269-277
2.  PETRTYL M. DANESOVA ].: Principles of
bone remodelling - the limit cycles of bone
remodelling, Acta of Bioengineering and
Biomechanics, 3(1), 2001, 75-91

3.  PETRTYLM., DANESOVA J.: Bone modelling
and bone remodelling, Acta of Bioengineering
and Biomechanics, 3(Sup.2), 2001, 409-414

4. YOUNG M. F.: Gene Regulation of Mine-
ralized Tissue, Proc. Chemistry and Biology of
Mineralized Tissue, 6th Int. Conf., Vittel, France,
1998, 25

POHYBOVE USTROJI, ro¢nik 11, 2004, ¢. 3+4 161



5. OGATA Y, SUMI N., KIM R. H,, LI J. J.,
FURUYAMA S., SUGYA H., SODEK ].: Regulation
of rat sialoprotein gene transcription by parath-
yroid hormone, Proc. Chemistry and Biology of
Mineralized Tissue, 6th Int. Conf., Vittel, France,
1998, 95-99

6. BOYAN B. D.. Regulation of extracellu-
lar matrix proteins and growth factors, Proc.
Chemistry and Biology of Mineralized Tissue,
Gth Int. Conf., Vittel, France, 1998, pp. 93

7. GINN B. T., STEINBOCK O.: Langmuir., 19,
2003, 8117

8. SHIRLEY D. A.: Phys. Re., 85 1972, 4709

9. SCOFIELD ]. H.: J. Electron Spectrosc. Relat.
Phenom., 8, 1976, 129

10. Paynter RW.: Surf. Interface Anal.., 29,
2000, 56

11. NOESKE M., DEGENHARDT ]J., STRUDT-
HOFF S., LOMMATZSCH U.: Int. ]. Adhes. Adhes..,
24,2004, 171

12. DEWEZ J. L, BERGER V., SCHNEIDER Y. J.,
ROUXHET P.G., COLLOIDS J.: Interface sci., 191,
1997 1

13. DUFRENEY. F, MARCHALT. G., ROUXHET
P. G.: Vacuum., 46, 1995, 1391

Adresa autora:

Prof. Ing. Miroslav Petrtyl, DrSc.

Ceské vysoké uceni technické v Praze
Fakulta stavebni, katedra stavebni mechaniky,
Laboratof biomechaniky a biomateridlového
inZenyrstvi

Thakurova 7, 160 00 Praha 6

162 LOCOMOTOR SYSTEM vol. 11, 2004, No. 3+4



PUVODNI PRACE ¢ ORIGINAL PAPERS

GRAFICKA METODA URCENI ROTACE OBRATLU.
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SOUHRN

Rotace obratla je soucisti idiopatické skoliozy patefe a dodnes se orientacné hodnoti
5 stupni (0-4) podle Nashe a Moea na RTG snimku pitefe v pfedozadni projekci, zhoto-
veném ve stoje. V prici pfedklidime novou grafickou metodu, kterd umoziiuje pomoci
nékolika grafickych prvkl jednoduse a velmi presné urcit thel axidlni rotace zvoleného
hrudniho anebo bederniho obratle na standardnim snimku patefe. Novd metoda kvantifi-
kace axidlni rotace obratle se jevi jako perspektivni pro vyuZiti v klinické praxi.

Klicova slova: axiilni rotace obratle, graficka metoda, RTG pitefe, skoli6za

SUMMARY

Axial vertebral rotation (torsion) is a part of idiopathic scoliosis of spine and so far
there is used a grading assessment according to Nash and Moe at anteroposterior X-rays of
spine carried out in standing.

The report presents a new graphical method that facilitates with application of a few
graphical elements very precisely to determine an angle of vertebral rotation at the tho-
racic and/or lumbar vertebrae in standard X-ray. The new method of axial rotation quanti-
fication seems as perspective method for application to the clinical praxis.

Key words: axial torsion of vertebral body, graphical method, X-ray of spine, scoliosis
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UVOD

Skolidzy patii mezi nejcastéjsi deforma-
ce patefe, pro které je typické hodnoceni
z rentgenovych snimku. Paterni deformace
v hrudni a bederni krajiné je vysledkem
ohybu, posunu a rotace obratlti ve vSech
ttech hlavnich anatomickych rovinich
(frontdlni, sagitdlni a transversalni).

Pro objektivni hodnoceni velikosti
zaktiveni ve frontdlni a sagitalni roviné se
uziva nékolik grafickych metod, kterymi lze
urcit velikost uhlu zvoleného useku pitefe
(3 - Ferguson 1950, 2 - Cobb 1948). V nasi
zemi je nejpouzivanéjsi metodou méreni
thlu podle Cobba. Je to jednoducha a re-
lativné presnda metoda. Zakfiveni patefe
ve frontdlni roviné je méreno doplitkovym
uthlem pfimek vedenych priméty obrat-
lovych hran v inflexnich bodech pitefni
kfivky. Morrissy (5 - 1990) uvidi standard-
ni chybu méfeni metodou dle Cobba 3-5°
u stejného vysettujiciho a 5-7° pfi hodno-
ceni riznymi pozorovateli, pokud je méfen
stejny obratel.

Ziskani objektivnich udaji o axidlni
rotaci obratlll v transverzdlni roviné je
v praxi daleko vétsi problém (obr. 1).

Obr. 1. Uhel rotace o v transversalni roviné

Axidlni rotaci obratla Ize hodnotit bud
pfimo z transverzalnich feza ziskanych
z CT (napf. metoda Aaro a Dahlborn) ¢i
MRI (napf. Perdriolletiv torsiometr), anebo
nepfimo z frontdlni roviny z RTG snim-
ku v AP projekci, provedeném ve stoje.
Nepresnosti v hodnoceni rotace obratla
pti vySetfeni CT nebo MRI vyplyvaji z vy-
Setfovaci polohy vleZe. Nevyhodou je cena
CT ¢i MRI vySetfeni, doba vySetfeni, ome-
zeny pocet fezl tj. vySetfeni segmentu
a v neposledni radé vysoka radiacni zatéz
u CT. Z RTG snimku lze rotaci hodnotit
bud podle primétu pedikla (metoda dle
Nashe a Moa, Perdriolletv torziometr - 8,
Raimondiho metoda a dals$i) nebo podle
pramétu trnového vybézku (metoda dle
Bunella). Nejb€znéji pouzivand metoda dle
Nashe a Moa (6 - 1969) hodnoti axidlni
rotaci podle praumétu pediklt do téla obrat-
le s ohledem na stfed pfedozadni roviny
obratle na rentgenogramu v predozadni
(AP) projekci. Tento systém rozliSuje 0-4
stupné podle umisténi praméti pedikla.
Dalsi metody vyuzivaji vétsinou prumér-
né parametry obratld k urceni natoceni
obratle (7-Pallova et al.). V literatufe se
uvadi casto rozporuplnd spolehlivost jed-
notlivych metod - viz. tab. 1.

V prici predklidime grafickou meto-
du, kterd dokdZze minimalnim poctem gra-
fickych prvki jednoduSe a velmi pfesné
ziskat uhel axidlni rotace obratle ze stan-
dardniho RTG snimku v AP projekci.

METODA

Nova grafickd metoda kvantifikace axi-
alni rotace obratle je zaloZena na geometric-
kych tvarovych vlastnostech obratle a jejich
vzijemnych pomért. Metoda vychdzi z tiva-
hy, Ze pfi malych uhlech plati, sin o = a,
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METODA RTG MRI CT

chyba méfeni + 4° (Matteri, 2,6° (rozmezi 0-7°) +4,3°

intraindividudlni | Bunnell, Drerup) | (Perdriolletiv torsiometr) | (Aaro a Dahlborn)
chyba méfeni + 10° (Stokes) 3° (rozmezi 0-10°) az + 8° pfi Sikmém
interindividualni (Perdriolletiv torsiometr) | skenu (Aaro a Dahlborn)

Tab. 1. Pfesnost metod hodnoceni deformace patefe v transverzilni roviné podle Stokese (9),
Krismera et al. (4) a Birchalla et al. (1).

také tg o ~ o. Podstatou metody je zvo- najit a oznacit pomoci tuzky a pravitka.
lit body, jejichZ poloha se s rotaci obratle Postup pro bederni obratle je zaznamenin
vzijemné méni, které je mozné snadno v obr. 2, pro hrudni obratle v obr. 3. Jako

1 —@

Obr. 2. Metodicky postup uréeni axidlni rotace bedernich obratli z AP rentgenogramu. 1-6 pocet
Car v postupném kroku, A - stfed 1. obdélniku, B - stfed 2. obdélniku, C - priisecik kolmice
prochazejici bodem A se spodni hranou obratle, o = Ghel mezi pfimkami AC a BC tj. tihel
axidlni rotace obratle. Dole je obrizek skute¢ného bederniho obratle.
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prvni bod byl zvolen stied Siftky pramétu
obratlového téla (A). Ziskd se jednodu-
Se tak, Ze opiSeme obrys (1) obratlového
téla a zakreslime uhlopficky (2). Rotace
obratle na RTG snimku zndzorfiuje zména
polohy prumétu pedikli (pediculus arcus

vertebrae) a dorzidlniho spindlniho vybéz-

ku (processus spinosus). Pedikly byvaji
v patefnim sloupci Casto citelnéjsi nez spi-
nélni vybézky, proto je v metodé sledovana
jejich poloha, konkrétné stfed vzdalenosti
vnitfni hrany pediklt. Stfed vzdilenosti
pedikla urc¢ime tak, Ze vedeme kolmice (3)
ze spodni hrany obratle v misté vnitfniho

Obr. 3. Metodicky postup urceni axidlni rotace hrudnich obratla z AP RTG.

1-7 pocet ¢ar v postupném kroku, A - stied 1. obdélniku, B - stfed 2. obdélniku, C - prisecik kolmice
prochazejici bodem A se spodni hranou obratle, D - korigovany vrchol hledaného uhlu (vzdilenost
CB = AD), a = thel mezi pfimkami AC a BD tj. thel axidlni rotace obratle.

Vpravo dole je obrizek skute¢ného hrudniho obratle.
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Obr. 4. Lidské obratle upevnéné ve specidlnim stojanu s moznosti pootoceni kolem axidlni osy po 3°.

pramétu pediklu. (VSechny kolmice jsou
vedeny od spodni hrany obratle). Diky
prusecikim kolmic s pfimkou horni i dol-
ni hrany primétu obratle ziskime dalsi
ctyfuhelnik blizky obdélniku. Zakreslenim
ahlopficek (4) tohoto ,obdélniku“ ziskime
hledany stied (B). Vedeme dalsi kolmici (5)
ze spodni hrany obratle sttedem pramétu
obratlového téla (A). Prasecik této kolmice
se spodni hranou obratle je oznacen (C).
V této chvili vzhledem k proporcim beder-
nich a hrudnich obratli musime postu-
povat oddélené pro hrudni a pro bederni
usek pdtere.

Pro bederni obratle plati, Ze tihel pooto-
¢eni obratle je thel mezi kolmici vedenou
stfedem obratle (5) a pfimkou (6) vedenou
body (B) a (C). Cely postup je rozfizovany
na obr. 2.

Pro hrudni obratle musime Kkorigovat
polohu vrcholu thlu vzhledem ke konvex-
nimu zakfiveni dolni hrany obratle. Vrchol
(D) nalezneme tak, Ze na kolmici, vedené
od bodu (A), naneseme vzdilenost mezi
body (C) a (B). Zde pak plati, Ze thel pooto-
ceni obratle je thel mezi kolmici vedenou
stfedem obratle (5) a pfimkou (6) vedenou
body (D) a (C). Cely postup predklidime
rozfazovany na obr. 3.
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Ovéreni metody

Ziskané hodnoty byly porovnavi-
ny se skute¢nymi hodnotami pootoceni.
V experimentu bylo pouZito celkem 7 lid-
skych obratlt (hrudni a bederni), které byly
upevnény ve specidlnim stojanu. Obratle
byly nasunuty a pfipevnény na rentgenolo-
gicky transparentni ty¢ v oblasti patefniho
kandlu - obr. 4. Ve snaze dodrzet zakfive-
ni patefe v sagitalni roviné (kyfoza, lordo-
za) byl sklon hrudnich obratli v rozmezi
10-15° a bedernich 2-4° v sagitilni rovi-
né. Obratle byly zrentgenoviany nejdiive
bez rotace ve frontdlni roviné a v nasledné
v raznych polohiach natoc¢eni - axialni rota-
ce v kroku po 3° v rozmezi 0-45°.

VYSLEDKY

Hodnoty byly porovnany v tabulce 2
a znazornény v grafu 1, kde je vidét pre-
kvapujici pfesnost metody, predevsim v ob-

vyklych hodnotich rotace pfi onemocnéni
skoliozou (12°-30°).

DISKUSE

Grafickd metoda pro urceni rotace
obratlli byla ovéfena v experimentu na
né€kolika hrudnich a bedernich obratlich.
V experimentu byly pouZity starsi relativné
LJnormalni“ (nedeformované) lidské obrat-
le, které nevykazovaly skoliotické struktu-
ralni tvarové zmény.

Nepfresnosti a chyby v grafickém stano-
veni axidlni rotace obratlll jsou zpuisobeny
variabilitou v morfologii pediklt i obrat-
It (u tézkych stupnu skolidzy je obratel
zkroucen a je anatomicky odlisny), nedodr-
Zenim pfesné predozadni projekce na RTG
snimku zhotoveném u stojiciho pacienta
a v neposledni fadé¢ i kvalitou snimku, kde
je obtizné oznacit obrysy obratli a priamé-
ty pedikla.

hrudni obratel

9 e
= ~3

—_
22

uhel rotace odecteného pootoceni

00 ; T T T T T T T T T T T T T T
0° 15° 30° 45°

uhel rotace skute¢ného pootoceni

bederni obratel

307

—_
~

uhel rotace odecteného pootoceni

"y w w

uhel rotace skute¢ného pootoceni

Graf 1. Plnou ¢arou znazornén prubéh naméfenych uhla pro hrudni a bederni obratel, pferusovana
¢dra ukazuje idedlni prabéh. Pfi thlu 0° je patrnd chyba tvarové nesymetrie obratle.
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hrudni obratel

pootoceny uhel [°]

odecteny uhel [°]

rozdil uhlu [°]

rozdil ahlu [%]

0 -1,8 1,8 -

3 2,5 0,5 17
6 6,0 0,0 0

9 8,8 0,2 2

12 13,8 -1,8 -15
15 16,4 -1,4 9
18 23,2 -5,2 -29
21 24,5 3,5 -17
24 25,9 -1,9 -8
27 30,6 3,6 -13
30 333 3.3 -11
33 36,0 -3,0 9
36 36,6 -0,6 2
39 37,2 1,8 5

42 37,8 4,2 10
45 39,3 5,7 13

bederni obratel

pootoceny uhel [°]

odecteny uhel [°]

rozdil uhla [°]

rozdil dhli [%]

0 -1,7 1,7 -
3 2,6 0,4 13
6 7,3 -1,3 22
9 8,5 0,5 6
12 10,4 1,6 13
15 14,2 0,8 5
18 16,9 1,1 6
21 21,2 -0,2 -1
24 24 -0,4 2
27 26,6 0,4 1
30 28,5 1,5 5
33 30,9 2,1 6
36 34 2.0 6
39 35,6 3.4 9
42 36,1 5.9 14
45 39 6,0 13

Tab. 2 ukazuje pfesnost metody u zvoleného hrudniho a bederniho obratle. Graficky ziskana hodno-

ta thlu pfi nulovém pootoceni neni nulova vlivem tvarovych nesymetrii obratle.

Pomoci této nové metody lze stanovit
relativné presné hledany uhel axidlni rota-

ce zvoleného obratle u lehkych a stiedné
zavaznych stupiiti skoliozy.
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V dal$i vyzkumné prici bude tato meto-
da ovéfovina pro celou patef a budou urco-
vany standardni odchylky v¢etné inter- a in-
traindividualni chyby.

Velkou pfednosti nové grafické metody
je jeji jednoduchost, a proto predpokld-
dame, Ze nalezne aplikaci v klinické praxi
predevsim détskych ortopedu a spondylo-
logt (napf. pfi hodnoceni progrese rotace
patete).
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PUVODNI PRACE ¢ ORIGINAL PAPERS

RAMENNI ORTEZA PRO LECENI PORANENI
AKROMIOKLAVIKULARNIHO KLOUBU

SHOULDER ORTHOSIS FOR TREATMENT
OF INJURY OF THE ACROMIOCLAVICULAR JOINT

P. CERNYY, 1. MARIK?

D ORTOTIKA s.r.0., aredl FN Motol, V Uvalu 84, Praha
2 Ambulantni centrum pro vady pohybového aparatu, Olsanska 7, Praha

SOUHRN

Autofi demonstruji ve 3 kasuistikdch vlastni zkuSenosti a vysledky konzervativniho
léceni 2. a 3. stupné zranéni akromioklavikulirniho (AC) kloubu (Tossy II a III) origindlni
ramenni ortézou. Nové vyvinutd ortéza splfiuje biomechanické pozadavky pro repozici
a zajistuje pozadovanou dobu retence nezbytnou pro zhojeni AC kloubu v anatomickém
postaveni.

Klicova slova: originalni repozi¢ni a retencni ortéza, ortotické 1éc¢eni, akromioklavi-
kularni kloub

SUMMARY

On three case reports, the authors present own experience and excellent results of
the conservative treatment of dislocations of the acromioclavicular (AC) joint grade II and
III (according to Tossy) by the original shoulder orthosis. The new developed orthosis
implements biomechanical requirements for reposition and fasten retention for the time
of AC joint healing in anatomical position.

Key words: original orthosis of shoulder, orthotic treatment, acromioclavicular joint
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Obr. 1. RTG snimek pravého ramene zobrazuje luxaci AC kloubu s dislokaci zevniho konce klicku
kranialné o vice neZ $ifi kosti
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UVOD

Zranéni akromioklavikularniho (AC)
kloubu vznikd nejcastéji pfimym ndrazem
na rameno shora pfi padu (napf. s ko-
la, na lyZich apod.) nebo pfi kontaktnich
sportech (fotbal, hokej, ragby). Uvedenym
mechanismem je akromion posunut doli
a zevni konec kli¢ni kosti je trapézovym

svalem taZen nahoru. Dochdzi bud k dis-
torsi AC kloubu nebo roztrZzeni pouzdra
a ligamenta AC kloubu a subluxaci, anebo
pfi vétsim ndsili i k pretrZzeni korakokla-
vikuldrnich ligament (lig. trapezoideum
a lig. conoideum) a uplné luxaci. Soucasné
dochizi k natrZeni uponu deltového a tra-
pézového svalu. Pacient si stéZuje na sil-
nou bolest ramene v oblasti AC kloubu.

Obr. 2. Originalni repozi¢ni a retencni ortéza ramenniho kloubu
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Obr. 3. RTG snimek pravého ramene s ortézou dokumentuje G¢innost ortézy - zevni konec klicku je
dislokovian proximalné o necelou polovinu Sife kosti kranidlné

Luxaci AC kloubu snadno diagnostikujeme
klinickym a rentgenologickym vySetienim.
Distorsi, subluxaci a luxaci odliSime RTG
vySetfenim obou ramennich kloubll ve
stoje, kdy pacient drzi v kazdé ruce zavazi
(ptiblizné 5 kg).

V Kklinické praxi se rozliSuji 3 stupné
zavaznosti poranéni podle velikosti puso-
bici sily (5). Pfi 1. stupni zranéni dojde
k nataZeni - distorsi (mikroruptufe) akro-
mioklavikuldrniho ligamenta a kloubniho
pouzdra. U 2. stupné je roztrzen AC vaz
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Obr. 4 a,b. Normilni symetrickd abdukce a elevace obou hornich koncetin

a pouzdro. AC kloub je instabilni vice v pfe-
dozadnim sméru, na RTG snimku je zevni
konec klicku kranidlnéji nez akromion,
ale méné nez o Sirku klicku (i pfi testu
zatiZzeni hornich koncetin ve stoje). 3. stu-
pefi je zptisoben znacnou silou, kterd ma
za nasledek pretrzeni AC vazu a pouzdra
a korakoklavikuldrnich ligament. Na RTG
snimku se prokdze uplnd luxace klicku
kranidlné a akromion kaudalné. Rockwood
typu IIL, IV,V a VI podle velikosti a sm¢-
ru dislokace zevniho konce klicku (2).
Vétsina autoru, napf. Rowe (3), Neer (1),
Rockwood (2) doporucuji jako metodu
lécebné volby pro zranéni typu III - VI
u pacientl do 45 let véku operacni 1éCent,
a to otevienou repozici a vnitini fixaci.
U starSich pacienti vzhledem k degene-
rativhim zméndm se doporucuje doplnit
vykon o excisi distdlniho (zevniho) konce
klicku. Je otdzkou zvyku pracovisté zda se
provadi jen AC repozice a fixace nebo sou-
casné i rekonstrukce korakoklavikuldrnich
ligament, ptipadné korakoklavikuldrni fixa-
ce. Pro dobry funkcni vysledek doporucu-

jeme kromé repozice a fixace AC kloubu
Kirschnerovymi draty (pfipadné i tahovou
klickou) adekvatné oSetfit poranéni ipont
deltového a trapézového svalu.

Cilem konzervativniho lé¢eni je pomoci
taht nebo sadrové fixace tlacit zevni konec
klicku kauddlné a soucasné elevovat acro-
mion scapulae. OSetfeni zavéSenim pred-
lokti ve smycce a stazenim paskou nebo
fixace Desaultovym obvazem je metodou
1é¢ebné volby pro AC distorsi ¢i subluxaci,
tj. pro 1. a 2. stupen poranéni AC kloubu.
V pisemnictvi se uvadi, Ze pro uplnou AC
luxaci (3. stupenl) je uvedené konzervativni
léceni neucinné. Nelécend AC luxace ma za
nasledek trvalou deformitu ramene, osla-
beni svalstva ramenniho pletence s ome-
zenim abdukce a elevace horni koncetiny
a bolesti ramene po zitéZi (4).

Autofi demonstruji na 3 kasuistikich
zkuSenosti a vysledky konzervativniho
léceni 2. a 3. stupné AC zranéni origindlni
ramenni ortézou.
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Obr. 5 a,b. RTG snimek pravého a levého ramenniho kloubu zobrazuje bilateralné normalni postave-
ni v AC kloubu. Vpravo (obr. 5 a) je patrno zuzeni sté€rbiny AC kloubu, palickovité rozsifeni zevniho
konce klicku a osifikace korakoklavikularnich ligament

METODIKA korekc¢ni ucinnost, ktera tzce souvisi s dob-
rou snasenlivosti pacientem a vyrobni jed-

Hlavnimi technickymi pozadavky na noduchost.
originalni repozic¢ni a retencni ortézu akro- S ohledem k potfebé znacné korekcéni
mioklavikuldrniho kloubu byly maximalni sily, tedy i tlaku na c¢asti horni konceti-
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ny byla zhotovena prvni origindlni ortéza
- obr. 2. Ramenni objimka je peclivé tvaro-
vana s ohledem na krajinu krku a medidlni
¢ast klicni kosti, kde je odlehc¢ena. Dalsi
odlehceni formou expanzniho prostoru
je laterdlné v krajiné AC kloubu a acromi-
on. Pfedloketni objimka je tvarovana bez
jakychkoliv korekci tak, aby co nejvérnéji
zachycovala tvar koncetiny a co nejlépe

rozloZila korek¢ni tlak. Je samoziejmosti Ze
obé objimky jsou vyloZeny mék¢im materid-
lem, pouzili jsme pénovy plast (Plastazote).
Dostate¢né tuha nastavitelna dlaha vcetné
tvarovaného zakonceni hraje klicovou roli
pro repozici a retenci u poranéni 2. a 3.
stupné. Nastaveni korekc¢niho tlaku se déje
délkovym nastavenim dlahy. Nastavitelny
posuv je feSen unikdtni ,housenkovitou“
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Obr. 6. RTG snimek levého ramenniho kloubu za 3 tydny po trazu. Bylo prokizano rozsifeni kloubni
Stérbiny a mirna dislokace lateralniho konce klicku kranidln€ o 2 mm.

drdazkou, kterd jednak umoZiiuje posuv
po 2 mm a soucasné brani samovolnému
posunu i pfi mirném povoleni Sroubu.
Diky vhodnému tvaru ramenni objimky je
celd ortéza na télo upevnéna jednoduchou
elastickou banddzi.

V praxi se postupovalo tak, Ze se nasta-
vilo maximalné snesitelné predpéti - tlak.
Za 30 a 60 min. po pfedani pomucky bylo
pfedpéti upraveno - snizeno podle tole-
rance pacienta. 2. den bylo znovu predpéti
mirné zvySeno a byl proveden kontrolni
RTG snimek ramenniho kloubu ve stoje.
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Obr. 7. Aplikace origindlni repozi¢ni a retencni
ortézy na levy ramenni kloub az za 5 tydnii po
arazu

Podle nilezu na RTG snimku a subjektivni
tolerance ortézy pacientem byly provedeny
dalsi zmény predpéti posunutim nastavitel-
né dlahy. Fixaci AC kloubu a hojenim zrané-
ni bolesti zahy ustoupily, takZe bylo mozné
pokracovat v indikovaném pripadé v dalsi
korekci dislokovaného AC kloubu.

Kasuistika 1 - aplna luxace AC
kloubu vpravo (Tossy III)

Pacient ve v€ku 64 let utrpél draz
pravého ramene pfi lyZoviani ve Francii.
Mechanismus turazu byl pfimy ndraz na
rameno pfi padu. Cestu zpét do repub-
liky absolvoval s jednoduchym textilnim
zavésem predlokti. AZ 3. den byl oSetfen
na ambulanci ortopedické kliniky FN KV
v Praze 10 Desaultovym obvazem, vyztu-
Zenym ndplasti. Pro trvajici bolestivost
byl na vlastni Zadost vySetfen v Ambulant-
nim centru pro vady pohybového aparitu
v Praze 3. Byla zjiSténa vyrazna bolestivost
a zdufeni v krajiné AC kloubu, pozitivni
pfiznak klavesy a na RTG snimku luxace
AC kloubu s dislokaci zevniho konce kli¢-
ku kranidlné o vice nez $ifi kosti (obr. 1).
5. den po turazu byla aplikovina original-
ni repozi¢ni a retencni ortéza ramenniho
kloubu (obr. 2). U¢innost ortézy je doku-
mentoviana na dals$im RTG snimku s or-

Obr. 8 a. Symetrickd elevace hor-
nich koncetin bez omezeni rozsahu ho konce klicku vlevo, jiz bez pfiznaku klavesy
a bolesti v AC kloubu po 3 mésicich
intermitentniho lé¢eni ortézou

Obr. 8b. Lokilné bylo zjisténo mirné nebolestivé zdufeni zevni-

POHYBOVE USTROJI, ro¢nik 11, 2004, ¢. 3+4 179



Obr. 9. RTG obou ramennich kloubtt 9 mésicti po urazu: normalni symetrické postaveni v akromi-
oklavikuldrnich kloubech, vlevo prokdzino mirné rozsifeni zevniho konce klicku subperiostalni
apozici distilné a dvé drobné osifikace v korakoklavikularnich vazech

tézou (obr. 3), kde je zevni konec klicku
dislokovan proximdlné¢ o necelou polovi-
nu Sife kosti kranialné. Ortézou byl pravy
ramenni kloub fixovan 1 mésic, v 1. tydnu
bylo jesté 2x zvétSeno predpéti podle tole-
rance pacienta. Bezprostredné po sundani
ortézy aktivné provedl flexi, abdukci a ex-

tenzi v rozsahu ptiblizné 60 stupi. Ortézu
pouzival intermitentné jesté 1 mésic a bylo
zahdjeno odborné vedené RHB léceni. Za
3 mésice po urazu jiz byl zcela bez obtiZi,
rozsah pohybu v pravém ramennim klou-
bu nebyl omezeny ve srovnini se zdravou

stranou. Obr. 4 a,b dokumentuji syme-
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tricky normdlni funkc¢ni ndlez na obou
ramennich kloubech za 6 let po drazu..
Obr. 5 a,b ukazuje RTG snimek pravého
a levého ramenniho kloubu, kde je obou-
stranné normadlni postaveni v AC kloubu.
Vpravo (obr. 5 a) je patrno zuzeni Stérbiny
AC Kkloubu, palickovité rozsifeni zevniho
konce klicku a osifikace korakoklavikular-

nich ligament.

Kasuistika 2 - subluxace AC kloubu
vlevo (Tossy II)

Pacient ve 36 letech byl sraZen s kola
autem. Pro zlomeninu hrudnich obratli
T7, T8 abedernich L1, L2, zlomeninu krcku
levé lopatky bez dislokace a komoci byl
kratkodob¢ hospitalizovan na traumatolo-
gickém oddéleni ve FN Motol. Na nasem
pracovisti byla zajisténa korzetoterapie
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Obr. 10. Aplikace originalni repozi¢ni a re-
tenéni ortézy na levou horni koncetinu 4. den
po urazu ramenniho kloubu - okamzitd uleva
silnych bolesti

3 tydny po udrazu. Vzhledem k trvajicim
bolestem v krajiné AC kloubu vlevo, ome-
zené abdukci do 80 st., elevaci neprove-
dl nad horizontdlu a palpacnimu zjiSténi
pfiznaku klavesy byl proveden RTG sni-
mek levého ramenniho kloubu (obr 6).
Bylo prokazano rozsifeni kloubni Stérbiny
a mirnd dislokace lateralniho konce kli¢-
ku kranidlné o Y Sife kosti. AZ za 5 tydnu
po turazu byla aplikovdna origindlni repo-
zi¢ni a reten¢ni ortéza ramenniho klou-
bu (obr. 7) s okamzitym ustupem bolesti
ramene. Ortézu ramenniho kloubu uZival
od zacitku intermitentné - vzhledem ke
korzetoterapii pouze pfes den. Soucasné
byla zahdjena odborné vedend rehabilita-
ce. Po 3 mésicich léceni provedl abdukci

a elevaci LHK bez omezeni a bolesti v AC
kloubu (obr. 8a), i kdyZz subjektivné nékdy
citil nebolestivé prfeskoceni v AC kloubu.
Lokaln¢é bylo zjisSténo mirné nebolestivé
zdufeni zevniho konce klicku vlevo (obr.
8b), priznak kliavesy vymizel. LéCeni bylo
skonc¢eno. RTG obou ramennich kloubt
9 mésict po urazu ukdzal normalni syme-
trické postaveni v akromioklavikuldrnich
kloubech, vlevo mirné rozsifeni zevniho
konce klicku subperiostilni apozici distal-
né a drobné osifikace v korakoklavikular-
nich vazech (obr. 9). Subjektivné jiz zcela
bez obtizi pti abdukci i elevaci LHK.

Kasuistika 3 - distorse AC kloubu
vlevo (Tossy II)

45 letd Zena utrpé€la traz levého ramene
pfi lyZovani v Rakousku, kde byla oSetfena
modifikovanou Desaultovou bandaZi pro
akromioklavikuldrni subluxaci (Tossy II),
prokdzanou pfi RTG vySetfeni.

3.den po urazu byla vySetfena na nasem
pracovisti. Zdufeni a zna¢na bolestivost AC
kloubu vlevo, pozitivni pfiznak klavesy,
dleva pfi odlehceni levé paze tlakem kra-
nidlné. Jiz 4. den po urazu byla aplikova-
na origindlni repozi¢ni a retencni ortéza
ramenniho kloubu (obr. 10), v ortéze zcela
bez bolesti. Levy ramenni kloub byl fixovin
4 tydny, pak jiz zacala levy ramenni kloub
rozcvicovat a ort€zu uzivala intermitentné.
Za 6 tydnu po turazu provedla elevaci LHK
s mirnou bolestivosti, pfiznak klivesy byl
negativni.

DISKUSE

Od repozi¢ni ortézy bylo pozadovi-
no stlaceni laterdlniho konce kli¢ni kosti
kauddlné pomoci vhodné peloty a zachy-
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ceni reakeni sily za flektované predlokti.
Akeni sila, kterou tlacime na Kkli¢ni kost
musi byt néjakym zplisobem vyvozovina
proti hlavici humeru, ktera je tlacena kra-
nidlné proti acromion scapulae. Desaultiv
obvaz je schopen zajistit fixaci, ale nelze
jej pouzit k repozici AC subluxace a luxace.
Desaultliv obvaz pevné fixuje koncetinu
k trupu, coZ neni pro pacienta pfijemné.
Podstatnym nedostatkem Desaultova obva-
zu, ale i riznych smycek a tahovych paski,
je, Ze dochdzi k jejich povoleni a ke ztraté
prvotné dosazené korekce a fixace porané-
ného AC kloubu.

Podobné jako je tomu s tvarovou trvan-
livosti uvedenych mékkych fixaci a bandazi
je tomu i u vétsiny ortopedickych pomiu-
cek. Jsou bézné vyrabény z materidlt, které
vyhovuji vétsiné pouzivanych pomucek.
Pokud jsou ortézy pod trvalym zatiZenim,
aby ptisobily pfedpéti a postupnou korek-
ci, dochdzi u nich k tzv. te¢eni materidlu
(creep) a postupné se trvale deformuji.
To se v praxi fesi vyztuzovanim naptiklad
kovovymi nebo kompozitovymi dlahami.

Originalni ortéza AC kloubu umoz-
fuje kromé fixace i nastaveni korekcni-
ho tlaku pomoci unikitni ,housenkovité®
drazky, ktera dovoluje posunutim nasta-
vitelné dlahy postupné zvySovat predpéti
podle tolerance pacienta, a tak je dosaze-
no postupné repozice a retence po dobu
potifebnou ke zhojeni zranéni AC kloubu
v anatomickém postaveni.

ZAVER

Dlouhodobé vyborné vysledky u 3 paci-
entldl s dislokaci AC kloubu 2. a 3. stupné
lécenych originalni ortézou potvrdily indi-
kaci této ortézy jako metody lécebné volby
pro subluxace a luxace AC kloubu, kde

je laterdlni konec kli¢ni kosti dislokovin
kranidlné a akromion kaudailné. Ortotické
léceni je zejména vhodné pro pacienty
stfedniho a pokrocilého véku.
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PUVODNI PRACE ¢ ORIGINAL PAPERS

NEINTERVENCNI PROSPEKTIVNI STUDIE
HODNOTICI MIRU BOLESTI ZAD U PACIENTEK
S DIAGNOSTIKOVANOU OSTEOPOROZOU
BEDERNI PATERE

NONINTERVATION PROSPECTIVE STUDY
EVALUATING THE DEGREE OF LOW BACK PAINS
AT FEMALE PATIENTS WITH DIAGNOSED
OSTEOPOROSIS

LINHARTOVA ]J.

Katedra kinantropologie, FTVS UK, José Martiho 31, 162 52 Praha 6

SOUHRN

Bolesti zad provazi zivot hodné lidi, zvlasté pak ve vy$sim véku. Ti pak navStévuji Iékare,
predevsim ortopedy a revmatology, ktef1 zjistuji pricinu jejich potizi. Castou indikaci k den-
zitometrickému vySetieni jsou pravé bolesti zad, které 1€kari casto pfisuzuji osteoporoze.

Dotaznikova studie méla porovnat hodnotu bolesti zad a vliv prevalentnich zlomenin
obratlovych tél u vybrané skupiny Zen. BEhem 18 mésict byla zjiStovana mira bolesti zad
pomoci dotazniku EQ-5D (prezentujici kvalitu Zivota) a Vizualni analogové Skaly bolesti
u skupiny 79 Zen ve v€kové skupiné 60 -70 let. VySetfované Zeny byly rozdéleny do skupin
s diagnostikovanou osteopordzou a bez osteoporozy.

Zjisténé vysledky prokazali u nimi sledované skupiny Zen, Ze bolesti zad byly vyssi u Zen
s osteopordzou proti Zendm bez osteoporozy, rozdil byl vsak statisticky nevyznamny.

Klicova slova: osteopordza, bolesti zad, kostni denzita, fraktury obratli

SUMMARY

Back pains accompany life of many people, especially when people reach higher age.
Then people visit the doctors first of all orthopaec surgeons and rheumatologists who
investigate the cause and grounds of their complains. One of repetitive indication to the
densitometric investigation is just back pains which are often attributed to osteoporosis.
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This questionnaire study should show at the selected group of women that the back
pains have osteoporotic origin. During 18 months there was elicited the cause and degree of
back pains with the application of questioner EQ-5D (presenting quality of life) and Visual
analogue scale of pain in the group of 79 women at the age of 60-70 years. These women
were divided into the group with diagnosed osteoporosis and without osteoporosis.

Discovered results proved in the studied groups of women that the back pains were
higher in the osteoporotic women than women without osteoporosis, but the difference

was not statistically significant.

Key words: osteoporosis, back pains, bone density, fractures of vertebrae

UvVOD

V Ceské republice kazdi tieti Zena a kaz-
dy paty muz starsi 55 let trpi osteoporozou,
to znamend profidnutim Kkosti v takovém
stupni, Ze i pfi nepfiméfené malém urazu
hrozi fraktura (17). Nasledkem muze pak
byt vyrazné zhorSend kvalita Zivota a bo-
lest patete, zptisobena cetnymi frakturami
(a mikrofrakturami) obratlovych tél.

Osteopordzou jsou ohrozeny prede-
v$im Zeny, protoze ubytek kostni tkiné
zac¢ind nejméné o 10 -15 let dfive neZ u mu-
Zi (tzv. postmenopauzilni osteopordza).
DalS$im divodem je vy$si pramérny vék
Zen. Nejvice postizenymi jsou vSak stafi
lidé, kterym casto dlouhodobé chybi pfi-
mérfend fyzickd aktivita a pravidelny a do-
state¢ny privod viapniku.

Kromé osteoporozy spojené s fraktu-
rami obratld mohou bolesti zad vyvolavat
tzv. funk¢ni poruchy. V praxi to znamena,
Ze bolesti v zidech vznikaji ztuhlosti a zkra-
cenim svala, kontrakturami, malou kloubni
hybnosti a celkovou nedostatecnou pohy-
bovou aktivitou jedince. Vnimani bolesti je
korelovano také aktualnim psychickym sta-
vem. U lidi s tendenci k uzkosti, depresim
nebo jinym poruchdm psychiky je projekce
bolesti ¢asto zvyraznénd nebo jinak pozmé-

nénd. Nemusi se jednat o vaznou situaci,
ale je dobré s timto fenoménem pocitat,
protoZe osteopordza je pfitomnd prevaz-
né u Zen po menopauze, kde dochazi i ke
zméné nilad, poruchdm spinku nebo psy-
chickym potizim.

V prezentované studii byla feSena otaz-
ka, zda je rozdil u Zen s verifikovanou oste-
oporoézou (vySetfeni denzitometrickym pfi-
strojem Lunar Prodigy) a bez ni v projekci
bolesti zad a prezentoviani kvality Zivota
u sledovaného vzorku pacientek.

Cilem price bylo porovnat hodnotu
bolesti zad a vliv prevalentnich zlomenin
obratlovych tél u pacientek s diagnostiko-
vanou osteopor6zou bederni pdtefe a paci-
entek bez osteoporozy.

bolest zad
kvalita zivota

Primarni cil
Sekundarni cil

Hypotéza

1. Neexistuje rozdilu primarniho a sekun-
darniho cile mezi skupinou Zen bez
osteopordzy a skupinou Zen s osteo-
porézou
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2. Neexistuje rozdil u primarniho a se-
kundarniho cile mezi skupinou Zen
s osteopordzou se zlomeninou obrat-
le a skupinou Zen s osteoporézou bez
zlomeniny obratle

METODIKA VYZKUMU

Vyzkum je koncipovin jako neinter-
vencni unicentrickd priafezova studie. Tato
prace md charakter empirického vyzku-
mu, jehoz hlavni metodou je pozorova-
ni. Z hlediska ¢asového mtiZzeme tento typ
studie zaradit pod kratkodoby jednorizo-
vy vyzkum. Ve sledovaném souboru byly
predmétem zijmu synchronni interindi-
vidudlni vztahy, tj. synchronni koexisten-
ce jevu (proménnych) v témzZe casovém
okamziku u riznych individui. Z hlediska
mista jsme provadé€li vySetfeni anamnes-
ticka v 1ékafsk€é ambulanci a objektivni pfi-
strojova v denzitometrick€é a rentgenové
vySetfovné.

Organizace vyzkumu

Do studie byly zafazeny pacientky ve
vékovém rozmezi 60-70 let, u nichZ bylo
na zdkladé indikace odesilajiciho 1ékare
provedeno vySetfeni kostni denzitomet-
rie bederni pdtefe za pouZziti denzitomet-
rick€ého pfistroje Lunar Prodigy (General
Electric) na denzitometrickém pracovisti
Diagnostického Centra Mediscan v Pra-
ze 11. V ndvaznosti na toto vySetieni byly
k ucasti na studii vyzvany ndsledujici typy
pacientek:

- pacientky s nadprimérnou hodnotou

BMD bederni pitefe vzhledem k véku

a vaze (tj. Z-skore > +1 SD) - vytvorily

skupinu ¢. 1

- pacientky s normilnim denzitometric-
kym nilezem na bederni patefi vzhle-
dem k véku a vaze (tj. Z-skore v roz-
mezi + 1 SD). Tento nalez v prislusné
vékové kategorii odpovida bud nilezu
normdlnimu (tj. T-skére > -1 SD) nebo
nilezu v pdsmu osteopenie (tj. T-skore
> -2,5 SD a zdroven < -1,0 SD) - vytvo-
fily skupinu ¢&. 2

- pacientky s osteoporozou definovanou
jako pokles BMD bederni pitefe < -2,5
SD (T-skore). V této vékové kategorii
tento ndlez znamena sniZeni vzhledem
k v€ku vyznamné (tj. Z-skore < -1,0
SD) - vytvorili skupinu ¢. 3

Pacientky ze skupiny ¢. 3 nejdfiv pod-
stoupili RTG vysetfeni a ndsledné po nale-
zeni fraktur bedernich obratli vytvorili
skupinu ¢. 4. RTG vysetfeni bylo provadeé-
no z divodt identifikace pacientek s pre-
valentni (existujici) frakturou obratlového
téla, respektive pro odliSeni od pacientek
s osteopordzou bez fraktur. Vétsina obrat-
lovych fraktur je asymptomatickd, tedy hod-
noceni intervalu za jak dlouho po fraktufe
bylo provedeno vySetfeni nebylo mozZné.
Popisy RTG snimkt bylo provedeno meto-
dou dle Gennanta (8) - pacientky s os-
teopordzou a pritomnymi kompresivnimi
frakturami obratlovych tél bederni pdtefe
- vytvoftily skupinu ¢. 4

Charakteristika celého souboru

Sledovany soubor obsahoval 79 Zen
bélosek ve véku 60-70 let. Viechny vySet-
fované Zeny byly vybriany z databaze kli-
niky Mediscan s.r.o. v Praze 11, kde byla
studie provadéna. Kazda byla svym oSetfuji-
cim Iékafem do tohoto zafizeni odesldna na
osteodenzitometrické vySetfeni. VSechny
Zeny byly trvalym bydlistém v Praze.
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13

Skupina 4 21

Skupina 1

Graf 1. Pocet vysetfenych Zen v jednotlivych
skupinach
Figure 1. Number of investigated women in
each group

1. skupina - 23 Zen s nadprimérnou kostni
denzitou vzhledem k véku

2. skupina - 22 Zen s kostni denzitou v normé
vzhledem k véku

3. skupina - 21 Zen s diagnostikovanou osteo-
porézou

4. skupina - 13 Zen s diagnostikovanou OP
a pritomnymi kompresivnimi frakturami
obratlovych tél bederni patefe

Vsechny vySetfené Zeny byly dichodo-
vého véku, presto vypovidaly, Ze Ziji aktiv-
né, dokonce i nékteré ze skupiny ¢. 4 dopo-
sud pracuji (jednd se o administrativni typ
price, vypomoc détem s hlidinim vnoucat
a jiné aktivity). VSechny mély jesté jeden
spole¢ny znak - nepéstovaly zadny sport
a nevykondvaly pravidelné Zadnou pohybo-
vou aktivitu.

Charakteristika skupiny ¢. 4

Prvni tfi skupiny pfedstavovaly vyset-
fené Zeny bez dalsiho dé€leni, ale skupina
¢islo Ctyfi se dle RTG nileza rozclenila na
dalsi tfi podskupiny.

RTG detekce zlomenin obratlovych
tél (8): (skupina ¢. 4)

Typ 1 - zlomenina obratlového téla SQ
stupné 1 (sniZeni jednoho ¢i vice
z rozméra vySky obratlového téla
- predniho, stfedniho a zadniho
o vice nez 20 % ve srovnani s jed-
nim ze sousednich obratl)

Typ 2 - zlomenina obratlového téla SQ
stupné 2 (sniZeni jednoho ¢i vice
z rozméra vySky obratlového téla
- predniho, stfedniho a zadniho
- 025 az 40 % ve srovnani s jednim
ze sousednich obratl)

Typ 3 - zlomenina obratlového téla SQ
stupné 3 (sniZeni jednoho ¢i vice
z rozméra vySky obratlového téla
- predniho, stfedniho a zadniho
- o vice nez 40 % ve srovnini s jed-
nim ze sousednich obratl)

Sbér dat

Ke sbéru vSech informaci byl pouzit
uméle vytvofeny dotaznik pro sbér dat
Ostalgis. Ten slouZil k zapisu udaja a vy-
sledku vySetieni duleZitych ke studii.

Nejdulezitéjsim ndstrojem pro ziskani
informaci bylo pouZiti dotazniku EuroQol
(21), zkratka EQ-5D, ktery poskytuje subjek-
tivni hodnoceni zdravotniho stavu a umoz-
nuje dopatrat se aspektll, které ovliviiuji
pocit zdravi nebo nemoci. Sklidd se ze
dvou stran zaméfenych na zjiSténi zdravot-
nich aspektu kvality Zivota. Tyto dvé strany
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lze pouzivat pouze v oficidlnich verzich.
Dotaznik obsahuje pét otdzek pokryvajicich
razné oblasti kvality Zivota - pohyblivost,
sebeobsluha, obvykla ¢innost (napf. price,
studium aj.), bolest/obtiZe, uizkost, deprese.
Ke kazdé otdzce existuji tfi stupné odpove-
di, ¢imz vznika celkem 243 kombinaci zdra-
votniho stavu. Odpovédi byli hodnoceny
Cislem 1 - Zadné potize, 2 - stfedné zavaz-
né potize a 3 - nejsem schopen vykonavat
- extrémni potiZe nebo bolesti. Otizky jsou
formuloviny jednoduse a proto je dotaznik
pomérné snadno vyplnitelny. V dotazniku
je dale pouzita stupnice (na zpusob teplo-
méru), kde hodnota 100 odpovida nejlepsi-
mu zdravotnimu stavu a hodnota 0 naopak
nejhorsimu stavu. Na této stupnici vyznaci
respondent sviij subjektivné vnimany zdra-
votni stav (21).

Druhou méfici metodou na posuzova-
ni bolesti bylo pouZiti Vizualni analogové
Skaly bolesti - VAS bolesti, kterd predstavu-
je nejjednodussi prostiedek k popisu pro-
Zivané bolesti. Tato metoda patii k dosud
nejcastéji vyuzZivanym zpusobim méfeni
intenzity bolesti. Jejim kladem je jedno-
duchost, srozumitelnost, rychlost sdéleni
a dobra dorozumitelnost pacienta s vySet-
fujici osobou. Kladem je vysokd mira shody
pfi opakovaném méfeni (tj. reliability této
metody) a také pomérné vysokd korelace
takto ziskanych udaji s udaji jinych metod,
zaméfenych na zjiStovani intenzity bolesti.
Nejlepsim prikladem VAS je usecka, nejlépe
100 mm dlouhd, ohrani¢ena dvéma body,
které pfedstavuji vlevo stav uplné bezboles-
ti, zatimco vpravo nejvyssi intenzitu bolesti.
VySetfovani osoba vyznaci na této linii bod,
kde se nachdzi aktudlni pfezivand intenzita
bolesti. Princip VAS jsme v naSem vyzkumu
zvolili i my. Pfi zvazoviani udaji VAS je tfeba
si uvédomit, Ze ciselné hodnoty u dvou
a vice lidi neni mozno srovnavat. To, co

jeden povazuje za maximdlni snesitelnou
bolest, mtize byt pro druhého jesté snesitel-
né. Srovnatelné mohou byt jen udaje téze
osoby (12).

VYSLEDKY

Nejvétsi pozornost byla vénovina
vysledktim hodnoceni bolesti, viz graf €. 2,
ktery zobrazuje hodnoceni bolesti u vSech
79 pacientek pomoci Vizualni analogové
Skaly bolesti.
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Graf 2. Porovnani pramérnych hodnot bolesti
dle VAS mezi skupinami €. 1, 2, 3, 4

Figure 2. Comparison of average figures for
VAS pain among groups 1, 2, 3, 4

Tento graf zndzornuje minimalni rozdil
v udavani prozitku bolesti mezi skupinami
Zen s osteoporozou s frakturami obratlo-
vych tél skupina ¢. 4 nebo bez fraktur sku-
pina ¢. 3. Je zajimavé, Ze osoby ze skupiny
¢. 2 hodnoti intenzitu proZivané bolesti
dokonce méné nez pacientky ze skupiny
¢ 1, tedy s nadprimérnou kostni denzi-
tou a tim tento vysledek svadi k urcitému
zamysleni, v ¢em uvadéna bolest tkvi. Kdyz
uvazime, Ze hodnota VAS bolesti je méfe-
na od 0 do 10, tak se hodnoceni tohoto
Setfeni u vySetfovanych pacientek pohy-
buje od hodnot 3,1 do 4,8. Neda se tedy
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mluvit o markantnim rozdilu i pfesto, Ze
u deformovanych nebo frakturou poskoze-
nych obratli by se vyssi stupefl hodnoceni
mozna ocekaval.

V dalsim hodnoceni primirniho cile
je polozka BOLEST dotazniku EQ-5D, graf
¢. 3. Vysledek je velmi podobny jako hod-
noceni bolesti dle VAS, nejvy$si hodnoty
jsou v tomto pfipadé hodnoceny skupinou
¢. 3, potom nasleduje skupina ¢. 4, tento
vysledek je ale skoro stejny jako prede-
§l¢é méfeni u grafu ¢. 2. Nejméné bolesti
udavaji Zeny ze skupiny ¢. 2, stejné jako
u Setfeni VAS. Tento vysledek ma tendenci
potvrzovat hypotézu, protoZe rozdily v hod-
noceni bolesti mezi skupinami jsou nepatr-
né. Hlavné u skupin ¢ 1 a 4. Hodnotové
rozdily jsou v tomto Setfeni niz$i, je to
z divodu mensi Skdly vybéru. Probandky si
mohli vybrat jednu ze tii moznosti: Zidnd
bolest - stupen 1, stfedné zdvazni bolest
- stupen 2 a extrémni bolest - stupefl 3.
Jestli u predchizejici polozky VAS bolesti je
rozdil az 55 %, tak u polozky BOLEST dotaz-
niku EQ-5D jenom polovina. Smérodatna
odchylka je vice méné stejnd a to na arovni
0,4 - 0,5.
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Graf 3. Porovnani primérnych hodnot polozky
BOLEST dotazniku EQ-5D mezi skupinami ¢. 1,
2,3, 4

Figure 3. Comparison of average figures for
PAIN collected from EQ-5D questionnaire
among groups 1, 2, 3, 4

Porovnani skupin ¢. 1, 2 proti
skupinam ¢. 3, 4

Skupiny ¢. 1, 2 obsahuji pacientky bez
osteoporozy a skupiny ¢. 3, 4 obsahuji
jenom pacientky s diagnostikovanou oste-
oporoézou. Sloucenim skupin osteopordza
versus bez osteopordzy porovnani zjedno-
dusime, abychom prehlednéji, ale pon€kud
yhrubé® posoudili polozku VAS bolesti. To
znamena, zda-li se nachazi rozdil ve vnima-
ni bolesti u neosteoporotickych a osteopo-
rotickych pacientek.

Polozka VAS bolesti je obecné hodno-
cend v $kale 1-10, hodnoty v grafu ¢. 4
jsou 3,4 a 4,7. Z téchto udaju je mozné
dedukovat, Ze Zeny s osteoporézou maji
vys$si hodnotu VAS bolesti. Pro hodnoceni
polozky BOLEST dotazniku EQ-5D, graf
¢. 5 je vysledek porovnani skupin Zen bez
OP a s OP pouze s velmi malym rozdilem.
Ze 8kily hodnoceni 1 az 3 dosahli hodnoty
skupin 1,7 a 1,9 a rozdil mezi skupinami
¢. 1,2 ac 3, 4 je mensi nez u polozky VAS
bolesti.
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Graf 4. Porovnini priamérnych hodnot VAS
bolesti mezi skupinami €. 1, 2 proti €. 3, 4
Figure 4. Comparison of average figures for
VAS pain among groups 1, 2 and 3, 4
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Graf 5. Porovnani primérnych hodnot polozky
BOLEST dotazniku EQ-5D mezi skupinami ¢. 1,
2 proti ¢. 3, 4

Figure 5. Comparison of average figures for
PAIN collected from EQ-5D questionnaire
among groups 1, 2 and 3, 4

DISKUSE

Stairnutim a fidnutim kostni hmoty
se zvySuje riziko zlomenin, zvlasté kdyz
se Zeny dostivaji do obdobi menopauzy.
Se zlomenim kosti nebo také ¢asto s funkc-
ni poruchou pohybového apardtu se spojuje
pojem bolest. V praxi je klinicky rozpozna-
na jen jedna ze tfi zlomenin obratle. Jenom
jedna tfetina vertebralnich deformaci iden-
tifikovanych RTG snimkem je symptoma-
tickd a méné nez 10% postizenych ptichazi
do nemocnice (4). Vyzkumy potvrzuji, Ze
i kdyz je vertebrilni fraktura viditelna na
RTG snimku, zlstava ¢asto nepovSimnutd
a neni popsand v zaznamech pacienta. Tim
pak nedochizi k preventivnim nebo 1éceb-
nym zasahtim (7). Trnavsky (18) uvadi,
Ze asi polovina vSech fraktur obratli je
asymptomatickd. O riziku dal$i zlomeni-
ny vSak vyznamné vypovida také stfedné
téZka nebo mirna zlomenina obratle. Milo
znamou skutecnosti je také vyznamné zvy-
Sena mortalita nemocnych po zlomeniné
obratle (3).

Je zajimavé, a potvrzuje to i tvrzeni
Trnavského (18), Ze pacientky, kterym byly
zjistény kompresivni fraktury obratlovych
té€l bederni pdtefe tuto skutec¢nost viibec
netusily, a proto se ani nijak nechranily,
vykondvaly pomérné rizikové cinnosti,
které zvysuji riziko padt, drazt a fraktur.
Cast z nich také nebrala 7z4dné 1éky s ucin-
kem na kostni metabolismus a 1écbu oste-
oporozy.

V uvodu diskuse se podivime na
vysledky méfeni ziskané statistickym zpra-
covanim.

Rozdilné uhly pohledu na skupiny
umoziuji zajimavé hodnoceni a porovna-
ni. Rozclenéni jednotlivych skupin bylo
posuzovano dle hodnoty kostni denzity
pouzitim denzitometrického nalezu a RTG
posouzenim pritomnosti kompresivnich
fraktur u pacientek ze skupiny ¢. 3.

Podle udajii ziskanych od probandek
muazeme fici, Zze bolesti zad trpély také
Zeny, které osteoporézu nemély. Duvody
mohou byt rtizné. Po rozhovorech s vySet-
fovanymi bylo jasné, Ze neprovadély zad-
nou cilenou pohybovou aktivitu a nijak
nepredchizely moZnym degenerativnim
zméndm na patefi, nebo zménim v mek-
kych tkdnich. Z anamnestickych udaja je
ziejmé, Ze v 80 % je provazely bolesti zad azZ
polovinu let jejich dosavadniho Zivota.

U star$ich osob, které pravidelné nepés-
tuji vhodnou pohybovou aktivitu, se snizuje
jejich pohybova obratnost, stabilita a pohy-
bova reaktivita, coZz jen zndsobuje nebez-
pec¢i padi a vzniku kostnich zlomenin.
Spole¢nym etiologickym faktorem ubytku
kostni hmoty pfi imobilizaci je absence
zatéZe a svalovych taht na kost. Je proka-
zano, Ze i postmenopauzalni ubytek kostni
hmoty lze zpomalit stfedné intenzivnim
cvicenim (17). Pfic¢in vzniku osteopordzy
je vic, témi nejcastéj§imi jsou vSak hlavné
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nedostatek zZenskych pohlavnich hormonn,
nedostatecnd fyzickad aktivita a sekundarni
hyperparathyre6za (v disledku nedostatec-
ného zasobeni organismu vipnikem a vita-
minem D). Nasledkem je nejenom ztencova-
ni kostnich tramcu, ale také jejich pferuseni
a separace a vytvafeni pfetizenych zon ve
tramcich. V takovém pfipadé sniZzeni BMD
0 10 % navodi pokles mechanické odolnosti
kosti 0 70 % (15). Kostni hmoty ubyva také
proto, Ze se s vékem zkracuje Zivotaschop-
nost bunék tvorficich kost (osteoblasti).
Tyto disledky ma také uzivani kortikostero-
ida (14). Tim se navozuje relativni pfevaha
osteoresorpce nad novotvorbou a kostni
tramce se ztencuji. Pfi zhorSené cinnosti
osteoblastli se také zhorSuje hojeni mikro-
poskozeni kostni hmoty, ke kterym dochazi
fyziologicky pfi bézné fyzické aktivité kaz-
dého clovéka, které jsou dulezitym signi-
lem pro obnovu kosti.

Zajimavym pozorovanim je pomér
vyskytu osteoporotickych zlomenin ve
méstech a na venkové, kde jasné prevlada
vyskyt u populace méstské, ziejmé z davo-
du nizsi fyzické aktivity a zmény prostie-
di z mékciho terénu do tvrdého (beténo-
vé asfaltové plochy, dlazba), které zvySuji
riziko vzniku zlomenin z davodu tvrdSich
pada (6).

Némecti autofi Freiwald a Kruse (5)
hodnoti typické bolesti u osteopordzy jako
diftzni a téZce lokalizovatelné - bolesti
v hloubce.

Broulik (1) uvadi, ze nékdy dochazi
k omylu u Iékait tvrzenim, Ze bolesti zad
se spojuji automaticky s osteoporézou.
Diferencidln€ diagnosticky je tfeba si uveé-
domit, ze na bolestech axidlniho systému
se mohou ucastnit vSechny struktury podi-
lejici se na stavbé pitefe, od meziobratlové
ploténky, periostu, trabekuldrni a kortikal-
ni kosti, ligament, svaloviny, intervertebral-

nich skloubeni po michu a miSni obaly (2).
V pfipadech, kdyz kompresivni fraktura
zpusobi akutni bolest, tato se obycejné do
tydni nebo mésict sama ztrici, ale dlouho-
dobé protrahované klinické potiZe se pro-
jevi pozdéji na proporcich pacienta (13).

Kocidn a Kasalicky (11) také upozor-
nuji na nutnost podrobnéjsiho vySetieni
pacientdl s diagnézou ,bolesti zad“ pred
odeslanim k denzitometrickému vySetfeni
pro podezieni na osteoporozu. Casto se
u téchto pacientd osteopordza neprokaize,
pficina bolesti je jina. Tim se zbyte¢né pro-
dluzuji ¢ekaci doby na osteodenzitometric-
ké vySetfeni. Uvadi ale, Ze osteopordza boli,
zvlasté pfi komplikovaném pribéhu s frak-
turami obratlovych tél. Pfi vzniku akutni
fraktury muze byt bolest radikuldrni, nékdy
se vsak prekvapivé najde i né€kolik fraktur
obratlovych tél, o kterych nemocny nevi,
nebot vzniknou nenapadné.

Pfi osteoporodze je bolest zapfi¢inéna
zlomenim nebo nalomenim porotického
t€la obratle, uvadi Broulik (1). Stejny nazor
na osteoporotickou bolest zastivd i Trnav-
sky (18), ktery ve svém clanku o boles-
tech dolni ¢asti zad u osteoporodzy tvrdi, Ze
jejich pficinou jsou pravé fraktury obrat-
lovych tél vznikajici nahle po zatézi patere
zvednutim tézkého zavazadla, ditéte, u na-
rocnych praci na zahradé nebo také prud-
$§im ndrazem v dopravnich prostfedcich.
Bolesti popisuje jako kontinudlni, pozdéji
intermitentni, které postupné béhem 4-6
mésict odeznivaji.

Hrba (9, 10) se shodné domniva, ze
bezprostfedni pficinou osteoporotickych
bolesti byvaji nahlé komprese obratlového
t€la, ale jiZ i ty znamenaji pfitomnost mikro-
fraktur. Nicméné existuji také kompresivni
fraktury, které vznikly nenipadné, mozna
pouze s mensi bolesti, které doty¢nd osoba
casto prehlizi.
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Kombinovini riznych ahla pohledu na
jednotlivé skupiny, mélo za cil najit zajima-
vy rozdil ve vnimani bolesti mezi jednotli-
vymi skupinami vySetfovanych Zen. Jednim
z porovndni bylo, Ze na jednu stranu byly
postaveny Zeny bez osteopordzy (skupina
¢. 1 a ¢ 2) anadruhé strané byly Zeny s os-
teoporozou (skupiny €. 3 a €. 4). Z tohoto
pozorovani Zen s osteoporozou a bez osteo-
porozy byl zjistén pouze nepatrny rozdil
hodnoceni bolesti zad u dotazniku EQ-5D.
Hodnoty 1,7 a 1,9 zna¢i minimalni rozdil.
Pro VAS se opakuje podobni situace jako
predchiazejici srovnani, rozdil jenom o né-
co vice nezZ jeden stupenl. Toto porovnini
prokazalo, zda-li tvrzeni o rozdilné mife
bolesti mezi skupinami skute¢né plati.

Ziskanymi vysledky se priklinime k na-
zortim o duavodech bolesti zad Wendlové
(20), ktera uvadi, Ze bolest zad u lidi s os-
teoporézou vychazi pfevainé z mékkych
tkani, vznikajici z dlouhodobého nesprav-
ného zatéZovani a pretéZovani svalstva zad
nasledkem patologického zakfiveni pate-
fe vznikajiciho deformacemi osteoporo-
tickych obratlti. Netvrdime, Ze jde vzdy
o poruchy v mékkych tkinich, ale také to
nevylucujeme. ZvySené napéti pfetéZova-
nych sval zpiisobuje jejich nasledné kon-
traktury a ischemizace, coz vede k bolesti-
vému syndromu. V mistech nespravného
a dlouhodobého zatéZovani svalti dochazi
ke svalovym dysbalancim, kterym by se
dalo pfedejit vhodnou a spravné volenou
pohybovou 1écbou uvolnujici spazmy a sni-
Zujici bolest. Nasim cilem vSak nebylo zjis-
tovat pfic¢inu bolesti zad, ale upozornit, Ze
mira bolesti zad se markantné nelisi u Zen
s a bez osteoporozy.

Véle (19) uvadi, Ze bolest je signal,
ktery nuti k volnému omezovani motoriky
a tim uSetfeni dalsiho namdhani a také, aby
se nezpomalil autoreparacni proces, ktery

je zakladni vlastnosti Zivého organismu.
Protoze kazda nocicepce vcetné bolestivé
ma vztah k motorice, je nutno pdtrat v ana-
mnéze zda nedochizi k poskozovani.

Stejné jako u vSech civiliza¢nich nemo-
ci i u osteoporozy je nezbytné vénovat se
prevenci. Jejimi velmi dleZitymi body jsou
spravna vyziva, vhodny dietni reZzim s do-
statkem vitaminu D a vapniku, pfiméfeny
télesny pohyb a Zivotni styl bez koureni
a nadmérné konzumace alkoholu. Prvoradé
je dosdhnout co nejvyssikostni denzity pred
vyzranim skeletu. U starsich lidi a u Zen po
menopauze se nebit sihnout i po formé
doplnku vyZivy ve formé vitaminovych pre-
parath se stopovymi prvky.

ZAVER

Kostra je dulezitd pro terestridlni Zivot
a lidé maji kosti tak pevné, aby umoznovaly
dobrou mobilitu a nedochizelo ke zlome-
nindm. U Zen hlavné po menopauze a mu-
701 v pozdnim véku se zpomaluji neuro-
muskuldrni funkce, ubyva svalové hmoty
(sarkopenie) a klesi BMD (osteopenie
- osteoporoza). Tyto zmény pozorované ve
stdfi zvySuji riziko zlomenin.

Na zavér 1ze konstatovat, Ze se podafilo
pomoci anamnestického zjiStovani zdra-
votnich aspekta kvality Zivota a Vizudlni
analogové Skaly bolesti srovnat hodnoty
bolesti zad a vliv prevalentnich zlomenin
obratlovych tél u pacientek s diagnostiko-
vanou osteoporézou bederni pitefe a bez
0osteoporozy.

U zkoumané skupiny 79 Zen ve véko-
vém rozmezi 60-70 let, rozdélenych do
C¢tyf podskupin byly sledovany rozdily
v hodnoceni bolesti. Rozdil v hodnoceni
bolesti u Zen s osteopordzou a bez osteo-
porézy se nepotvrdil. Hypotéza uvedend
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v uvodu prace byla potvrzena: 1. neexis-
tuje rozdil u primarniho cile (bolest zad)
a sekundarniho cile (kvalita zZivota) mezi
skupinou Zen bez osteopordzy a skupinou
Zen s osteoporozou, 2. neexistuje rozdil
u primarniho a sekundirniho cile mezi
skupinou Zen s osteopordzou se zlomeni-
nou obratle a skupinou Zen s osteoporézou
bez zlomeniny obratle.

ReSend problematika sleduje proble-
matiku bolesti pfi osteoporoze. Nase price
ukdzala trend k vyraznéjsi bolesti zad u pa-
cientek s denzitometricky prokizanou
osteoporozou. Kompresivni zlomeniny
obratlovych t€l jsou zhruba ve ¥ pfipada
symptomatické. Vedle toho price nepfimo
potvrdila naSe predchozi pozorovani, Ze
pacientky indikované k denzitometrické-
mu vySetfeni pro bolest zad nemaji nizsi
hodnoty BMD bederni pdtefe. V naSem
prezentovaném souboru pacientky s nad-
prumérnymi hodnotami BMD pitefe udi-
valy bolest zad srovnatelnou s bolesti zjiSté-
nou ve skupiné pacientek s osteoporozou.
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KONFERENCE ¢ CONFERENCE

4TH INTERNATIONAL WORKSHOP

ON MUSCULOSKELETAL AND NEURONAL
INTERACTION, HOTEL MELITON BEACH,
CHALKIDIKI, MAY 26-31, 2004

CULIK J.

Ceské vysoké uceni technické, Praha
Ustav biomedicinského inzenyrstvi

Mezinarodni spole¢nost ISMNI - International Society of Musculoskeletal and Neuronal
Interactions pofadala ve dnech 26. a7 31. kvétna 2004 v Recku v hotelu Meliton Beach na
poloostrové Chalkidiki mezinarodni konferenci ,The 4th International Workshop on
Musceloskeletal and Neuronal Interactions“. Programovy vybor mél tyto cleny Jirg A.
Gasser z Institut for Biomedical Research® v Basileji ve SV}’Icarsku, Breton S. Noble z univer-
sity v Edinburgu ve Skotsku a Scot C. Miller z university v Utahu v USA.
Kongres mél tyto sekce:
- Neuronal interactions with muscle and bone - organizace a fizeni Dr. Breton Noble
- Molecular basis of bone biology - organizace a fizeni Prof. Timothy Skerry a prof. Scott
C. Miller

- Muscle training for better performance - from the athlete to the elderly person
- organizace a fizeni Dr. Jorn Rittweger a Dr. Macro Narici

- Clinical session on musculoskeletal Disorders - organizace a fizeni Prof. Felsenberg
a Prof. Schonau

- Tendons and Ligaments - organizace a fizeni Prof. Webster a Prof. Cyril Frank

Kongres byl doplnén satelitnimi symposii:

- Osteoporosis Treatment: From Bone Quality and Fracture Risk Reduction
- New Horizons in Calcitonin Treatment of Osteroposis

- Risendronate: The Bisphosphonate with the Respect to Bone Quality

Dale byl na konferenci diskusni sttl ,Bone duality - VS - Bone Estimation and Significance
in the Treatment’s Strategy of Osteoroposis®, ktery vedl Prof. Georgie Kapetanos.

V kazdé ze sekci byly vyzvané prednasky, 17 prednasek bylo uverejnéno v plném roz-
sahu v Casopise Journal of Musculoskeletal & Neuronal Interactions r. 7, ¢. 2 Cerven 2004
(ISSN 1108-7161, E-mail jmni@ismni.org). Dile na konferenci bylo 56 pfispévku ve formé
postert a z nich bylo 20 pfedneseno dstné.
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ROLE OF INNERVATION IN THE
CONTROL OF BONE REMODELLING

Chenu C.
Royal Veterinary College, London, UK

Abstract

During the last fifteen years, an increa-
sing number of studies have examined
the origin, the ontogeny, and the distribu-
tion of nerve fibers in bone. They have
also investigated the nature of neurome-
diators conveyed by these skeletal nerve
fibers. Experimental models of sensory
and sympathetic denervation and clinical
studies have shown that these two neu-
ronal systems are involved in bone devel-
opment, growth and remodelling. More
recently, some new concepts regarding
the role of nerve fibers in bone physiology
have emerged with the demonstration of
a leptin-dependent central control of bone
formation via the sympathetic system. This
new neural regulating pathway of bone cell
functions could have enormous implica-
tions for human skeletal biology and treat-
ment of bone pathologies.

Keywords: Innervation, Neuromedia-
tors, Bone Remodelling, Sympathetic Nerv-
ous System

AGE-RELATED LOSS OF SKELETAL
MUSCLE FUNCTION; IMPAIRMENT
OF GENE EXPRESSION

Goldspink G.
Royal Free and University College Medical School,
Royal Free Campus, London, UK

Abstract

Mechano Growth Factor (MGF) is
derived from the insulin-like growth factor
(IGF-D) but its sequence differs from the
systemic IGF-I produced by the liver. MGF
is expressed by mechanically overloaded
muscle and is involved in tissue repair and
adaptation. It is expressed as a pulse fol-
lowing muscle damage and involved in the
activation of muscle satellite (stem) cells.
These donate nuclei to the muscle fibers
that are required for repair and for the
hypertrophy processes, which may have
similar regulatory mechanisms. Muscles in
the elderly are unable to upregulate MGF
in response to exercise. This is also true in
certain diseases and this helps to explain
muscle loss in those conditions. There is
evidence that MGF is alocal tissue repair
factor as well as a growth factor and that it
has an important role in damage limitation
and inducing repair in other post-mitotic
tissues. As there is no cell replacement
in these tissues there has to be an effec-
tive local cellular repair mechanism. With
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advancing years this seems to become defi-
cient and there is an increased chance that
the damaged cells will undergo cell death
leading to progressive loss of tissue func-
tion.

Keywords: Ageing, MGF, IGF-I Gene
GH, Muscle Loss, Exercise

FEMORAL NECK FRAGILITY:
GENES OR ENVIRONMENT?

Loveridge N. and Reeve J.
Bone Research Group (MRC), University of
Cambridge Clinical School, Cambridge, UK

LOADING SIMULATION OF LUM-
BAR SPINE VERTEBRAE DURING
A COMPRESSION TEST USING THE
FINITE ELEMENTS METHOD AND
TRABECULAR BONE STRENGTH
PROPERTIES, DETERMINED BY
MEANS OF NANOINDENTATIONS

Bouzakis K.-D.!, Mitsi S.!, Michailidis N.!, Mirisidis

Ly

Mesomeris G.!, Maliaris G.!, Korlos A, Kapetanos G.2,

Antonarakos P.2, Anagnostidis K.2

1 Laboratory for Machine Tools and Manufacturing
Engineering, Mechanical Engineering Department,
Aristoteles University of Thessaloniki, Greece,

2 3rd Orthopaedic Department, Papageorgiou
General Hospital, Medical School, Aristoteles
University of Thessaloniki, Greece

Abstract

The mechanical strength properties
of lumbar spine vertebrae are of great
importance in awide range of applica-
tions. Herein, through nanoindentations
and appropriate evaluation of the corre-
sponding results, trabecular bone struts
stress-strain characteristics can be deter-
mined. In the frame of the present paper,
an L2 fresh cadaveric vertebra, from which

posterior elements were removed, was sub-
jected to compression. With the aid of
developed finite elements method based
algorithms, the cortical shell and the can-
cellous core bulk elasticity moduli and
stresses were determined, whereas the
tested vertebra geometrical model used
in these algorithms was considered as hav-
ing acompound structure, consisting of
the cancellous bone surrounded by the
cortical shell. Moreover nanoindentations
were conducted and an appropriate evalu-
ation method of the obtained results was
applied to extract stress-strain curves of
individual lumbar spine vertebra trabecu-
lar bone struts. These data were used in the
mathematical description of the vertebrae
compression test. The vertebral cancellous
bone structure was simulated by a beam
elements network, possessing an equiva-
lent porosity and different stiffnesses in
vertical and horizontal direction. Thus, the
measured course of the compression load
versus the occurring specimen deforma-
tion was verified.

Keywords: Vertebrae Compression
Test, Nanoindentation, Stress-strain Curves,
Apparent Strength, Trabecular Bone Struts,
Mechanical Properties

SKELETAL ADAPTATIONS
IN HEMIPLEGIC PATIENTS

Runge M., Rehfeld G.!, Schiessl H.2
1 Aerpah-Klinik, Esslingen,
2 Stratec, Pforzheim, Germany
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SPINE STRESS STATE UNDER
BRACE EFFECT AND SCOLIOSIS
TREATMENT COMPUTER
SIMULATION

Culik J.
Institute of Biomedicine Engineering, Czech
Technical University of Prague, Czech Republic

Purpose of the Study: Corrective
braces are used for the treatment of spine
scoliosis of children (deformation of chest
curve). The brace pushes on child trunk
and after a long time using it corrects path-
ologic spine curve. The intervertebrae discs
and ligaments remodelled to be the spine
deformation corrected. The brace is worked
at this manner: it is made a plaster negative
and then a positive form of child trunk. The
orthotic according to his and orthopaedist
experience deeps the plaster positive form
at the place where the brace has to push on
the child trunk. The plastic brace is then
made according to this plaster form. The
brace after its application pushes at the
places, where the form has been deepen
(the small shoe principle). The brace force
effect is result of orthopaedist experiences
only. The research has searched algorithms
and computer programs, which are able to
determine the stress state at vertebras and
inter-vertebrae discs for a concrete brace
using. The spine curvature remodelling
depends on stress state at inter-vertebrae
discs and ligaments and time of the brace
application. The treatment was simulated
on a computer and the results ware verified
with real treatment courses.

Materials and Methods: The finite ele-
ments method (deformation variant accord-
ing to the Lagrange principle) was used for
the stress state solving. It was supposed
that the vertebrates have no deformation.
The potential energy was calculated for the

intervertebrae discs and ligaments volume
and for the pressed soft tissue region of
the trunk. Because it is no deformation
between vertebrae centre and interverte-
brae disc bounder, the central spine line
is linear at vertebrae parts and curvilinear
between vertebrae. The pressed soft tissue
can be considered as an elastic grunt. The
brace pushes at a child trunk at the place
where the plaster positive form has been
deepen; it means that the trunk surface
(soft tissue) has at these places the non-zero
prescribed displacements. The prescribed
displacement is supposed above for lying
patient. The two algorithms were imple-
mented. The 1% algorithm has as input the
prescribed trunk surface displacements and
the results are spine deformations, spine
inner forces and forces between spine and
trunk soft tissue. The 2" one has as input
spine deformation. The spine deformation
is measured as differences between the spi-
nal curves without and with a brace on the
X-rays as a brace force effect. The results are
spine inner forces, forces between spine
and trunk soft tissue and need trunk sur-
face displacement as causal agent. The algo-
rithms ware applied for the frontal and
sagital plane.

Results: If the brace is put of the child
trunk after some time of application, then
the spine does not return to previous posi-
tion but the pathologic spine form is partly
corrected. The permanent part of deforma-
tion depends on spinal curve type accor-
ding to King, on stress state and time of
brace application. The simulation program
considers that the percentage spine cor-
rection is constant in time: The algorithm
determines correction curve parameters
according to King’s curve type.

Conclusion: Many child patients are
observed and the computer simulation
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model and its parameters ware verified to
be the behaviour of the model same that
the child treatment course and it will be
used for cure prognosis and searching of
optimal brace form variant.

The research .was supported by
grant MSM 21-0000012 ,Trans-disciplinal
Research at Biomedical Engineering Area*.

STATIC AND DYNAMIC
OSTEOGENESIS IN BONE
HISTOGENESIS AND HEALING

Marotti G.1, Palumbo C.!, Ferretti M.}, Cavani F.!,
Botti P.2, Cadossi M1, Cané V.!
1 Dept. of Anatomy and Histology,
University of Modena and Reggio Emilia
2 Dept. of Animal Health, University of Parma, Italy

Introduction: It is known that bone
healing initially involves three main conse-
cutive stages: 1) hematoma formation; 2)
inflammatory phase; 3) osteoblast differen-
tiation and bone formation. It has also been
suggested that postnatal bone repair reca-
pitulates under many aspects the sequence
of events occurring in bone histogenesis
during fetal life. Because of this, we inves-
tigated whether static (SO) and dynamic
osteogenesis (DO), we recently showed
to occur during normal intramembranous
ossification (Ferretti et al., Anat Embryol
206: 21-29, 2002; Palumbo et al., J Anat
2003; 203-589, 598), also takes place in
bone healing.

Materials and methods: The process
of bone repair was analyzed by light (LM)
and transmission electron (TEM) micro-
scopes inside transcortical holes (4.5 mm
diameter) drilled at the mid-shaft level of
the 3’d metacarpal bone in adult horses.

Results and conclusion: After the
hematoma and inflammatory stages, all the
holes studied were filled with a highly cel-

lular and vascularized fibrous connective
tissue. Afterward, cords of plum cells, dis-
playing the typical osteoblastic ultrastruc-
ture, differentiate in between the blood
capillaries. These osteoblasts appear to be
stationary since they do not move, but
transform into osteocytes in the same site
where they differentiate, thus giving ori-
gin to atrabecular bony framework laid
down by SO. Soon after, typical movable
osteoblastic laminae differentiate along the
surface of these SO-trabeculae and thick-
en them by DO. Briefly, it appears from
this preliminary investigation that, at least
under the morphological viewpoint, the
process of bone healing recapitulates the
same sequence of events occurring during
bone histogenesis. At the present moment,
we believe that different factors and sig-
nals should be involved in triggering and
driving the two types of osteogenesis in
both normal and pathological conditions:
SO probably depends on inductive factors
(such as cytokines and growth factors),
whereas DO more likely is mainly driven by
mechanical signals.

THE BASIC REGULATORS OF BONE
RECONSTRUCTION

Petrtyl M., Danesova J.

Czech Technical University in Prague, Faculty of
Civil Engineering, Laboratory of Biomechanic and
Biomaterial Engineering, Prague, Czech Republic

Aim of study: The bone tissue remo-
delling is acyclic process involving the
replacement of an old tissue by the new
one (in the volume micro/mezo tissue unit-
BMU). Each remodelling limit cycle consists
of five principal intensive biochemical reac-
tions (intensive metabolic processes), which
are defined by five stoichiometric equa-
tions, and periods of weakly steady states
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(i.e., periods in which the biochemical proc-
esses are relatively calm). Determination of
speeds of bone remodelling processes has
the fundamentals importance for the exact
understanding of reconstruction processes.
The purpose of our study was to determine
the basic components of resultant speed (of
j™ biochemical reaction).

Methods: The limit cycles are regula-
ted (governed) genetically and biome-
chanically. The genetic (internal) control
and biomechanical (external) control ini-
tiate biochemical (metabolic) processes.
The genetic factors (under normal physi-
ological conditions) not only establish the
precise time rhythm of the intensive bio-
logical activities and the rhythm of the
weakly steady states, but they also ,start”
the remodelling limit cycles.

The overall volume changes in molecu-
lar mixtures in the BMU are generally given
by the sum of volume changes in molecular
mixtures, which are the product of bio-
chemical processes (genetically initiated),
and the volume changes in molecular mix-
tures, which are the product of biochemi-
cal reactions as well, being, however, initi-
ated by mechanical/biomechanical effects.
The general equation is as follows: n; =
Njg + Mjm in Which n;, is the volume change
resulting from biochemical reactions
(metabolic processes) initiated genetically;
Njm i$ the volume change of molecular mix-
tures resulting from biochemical reactions
initiated mechanically. The volume chang-
es (in four primary molecular mixtures)
have the dominant and absolutely decisive
influence on the process of remodelling
limit cycle.

Results and conclusions: The speed
of biochemical reactions can be gener-
ally expressed as follows: k; = C;.eMi®-Pe) in
which n; (j =1, 3, 4, 5) are volume changes

of the determined components of remodel-
ling processes in the bone tissue and (p-p.)
are the stress changes. Each volume change
n; equals the sum of the volume changes
resulting from the proceeding biochemical
reactions, and the volume changes result-
ing from the proceeding biochemical reac-
tions initiated mechanically. Thus, n; = 0, +
Njm- For the speeds of biochemical reac-
tions, according to the previous expres-
sion, we can write:

k; = C;. eMig * mim(PPe) respectively:

k= C.eme P, enimip

For the speed of the j™ biochemical
reaction, the following general expression
is obtained:

k; = C;kj, . k. Then, it is obvious from
the expression that the resultant speed of
the j™ biochemical reaction, which forms
part of biochemical (metabolic) processes
in the bone tissue (in the remodelling
limit cycle) is dependent on the prod-
uct of speeds of the biochemical reaction
initiated genetically and on the speed of
chemical reaction initiated biomechani-
cally. Thus, the j-th biochemical reaction
is influenced by the internal - genetic
effects and the external - biomechanical
effects. The external effects and the inter-
nal influence on the speed of remodelling
processes in the bone tissue are completely
coordinated by the live environment.

Acknowledgments: This research has
been supported by a grant of GACIZ No.
106/03/0255.
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ORTHOSES WITH BENDING PRE-
STRESSING AS A METHOD OF
CHOICE FOR LEG DEFORMITIES
TREATMENT IN CHILDREN WITH
BONE DYSPLASIAS

Marik I., Kuklik M., Marikova O., Zemkova D.
Ambulant Centre for Defects of Locomotor
Apparatus affiliated to Dept. of Anthropology and
Human Genetics, The Faculty of Science, Charles
University, Prague, Czech Republic

Purpose of the study: There is a pos-
sibility to treat a significant (severe) val-
gus and/or varus deformities of legs (in
various levels of shank and distal part of
femur) by the new limb orthoses with high
bending pre-stressing that were developed
by authors. The encouraging treatment
results of the group containing 30 children
with so-called ,idiopathic“ valgus or varus
deformities were presented and published
in 2002 and 20032

The aim of communication is to present
8 years experience with anew type of
orthosis with dynamic (elastic) pre-stres-
sing that is suitable for correction of varus
or valgus deformities of legs in various
shank level and distal part of femur (supra-
condylar region). Step by step correction
of bone deformities is based on remodel-
ling of growth epiphyses and bones due
to bending forces of orthosis acting on
the basis of the three points principal.
In the course of growth, the epiphyseal
plates considerably affect the remodelling.
At the oblique loading according to Hiiter-
Volkrnann law, orthosis acts on epiphyseal
plate and regulates the growth of long
bones into the direction of the pressure
resultant.

Materials and methods: The orthotic
treatment (overnight, 10 hours or more)
was introduced in 16 children suffering

from bone dysplasias and severe varus
deformities (diagnosis of pseudoachondro-
plasia, achondroplasia, hypophosphatemic
and oncogenic rickets and epimetaphyseal
dysplasia was proved by geneticist and oste-
ologist). Step by step correction of bone
deformities by orthoses is based on viscoe-
lastic properties of bones. Limb orthoses
are made according to plaster patient leg
forms (negative and positive). The orthosis
has two parts connected at definite levels
by joint and screw with spring. The screw
operates with known force and the ortho-
sis pushes on the leg for a sufficient time
(during the night). The efficacy of orthotic
treatment was evaluated according to cor-
rection of tibio-femoral angle measured at
X-rays of legs in the standing patient. In
most cases, the results of treatment were
followed by measurement of intercondylar
distance in standing and/or lying child.
The bow legs in three children suffering
from achondroplasia underwent combined
treatment - aresection of a part of fibula
due to its ,overgrowth“ and fitting with the
new orthoses.

Results: The treatment was started in
pre-school age and lasted from 2 to 5 years.
The clinical and X-ray results of orthotic
treatment of severe leg varosity of both
groups with use of the new developed limb
orthoses with bending (elastic) pre-stres-
sing are encouraging. There are a few case
reports introduced in the lecture.

Conclusion: The study proved high
biomechanical efficacy of the new deve-
loped limb orthoses with high bending
pre-stressing and delineated conditions
that are necessary for successful conserva-
tive treatment of severe varus deformities
in children (pre-school age) suffering not
only from acquired but congenital bone
deformities, too.
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COEXISTENCE OF X-LINKED
HYPOPHOSPHATEMIC RICKETS
AND HYPERPARATHYROIDISM

Giannikou P., Paspati I., Katsalira A., Tournis S.,
Lyritis G. P. LRMS Laboratory, Athens Greece

X-linked hypophosphatemic rick-
ets (XLH), agenetic disorder caused by
mutations in the PHEX gene, inherited
as adominant trait and characterized by
hypophosphatemia, rarely coexists with
hyperparathyroidism. Normal or slightly
elevated levels of PTH are the rule in XLH.
Greatly increased PTH levels as a result of
hypocalcaemia caused by large doses of
phosphorus are encountered as a complica-
tion of phosphorus supplementation ther-
apy. Our patient, a 56-year old male, with
symptomatic XLH since childhood, presents
the typical physical and radiological find-
ings of the disease and has never received
supplemental phosphorus. His presenting
complaint is knee pain that begun in his
early twenties and has become increasingly
troublesome with age. Anteroposterior and
lateral X-ray views of the knees and spine
performed initially reveal bilateral knee
joint destruction, more severe on the right
side, and diffuse osteopenia. As a conse-
quence of the latter unexpected finding,
he is referred for BMD measurements of
the hip and spine plus a biochemical evalu-
ation. At the hip, total BMD is 0.719g/cm?

(T-score -2.7), while at the spine a total
BMD of 0.874 g/cm? (T-score -2.0) con-
firm the X-ray findings. Laboratory test-
ing of bone turnover indices reveals an
increase of the following in the serum:
calcium, ALP, osteocalcin, BAP, TRAP 5-
(band PTH. Serum phosphate is low, as
expected. Urine bone indices are increased
as well. A scintigram, using Tc 99m M.LB.I
(sestamibi), reveals a focus of uptake at the
lower pole of the left thyroid lobe, suspi-
cious for an adenoma or hyperplasia of the
left lower parathyroid gland. Surgical treat-
ment is advised. After surgery, histological
examination of the removed parathyroid
gland (left lower) reveals hyperplastic par-
athyroid tissue. Treatment with calcium
(lg/day) and alphacalcidol (Img/day) is ini-
tiated to counteract the usual postsurgical
hypocalcemia. Improvement of joint mobi-
lity and subsiding of knee pain are noted.
Three months after the surgery serum and
urine bone indices are normalized. PTH
levels are still in the upper normal range.
The coexistence of XLH and hyperpar-
athyroidism is very rarely referred in the
literature. However, this is a possibility we
should take in consideration in case of XLH
with high PTH levels, especially in patients
they aren’t treated with phosphorus.

PEAK BONE MASS AND RELATED
FACTORS IN YOUNG MEN

Kyriazopoulos P., Charopoulos J., Antonogiannakis
E. M., Trovas G., Chiotis J., Galanos A. N., Lyritis G. P.
University of Athens, Laboratory for the Research
of Muskuloskeletal System (LRMS) KAT Hospital,
Kifisia, Greece

Objective: The objective of this study
was to evaluate the contribution to peak
bone mass of dietary factors (calcium,
proteins, alcohol, coffee intake), exercise,
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smoking, sun exposure and period of
immobilization in young men.

Methods: Three hundred healthy
young men aged 18-30 (mean 22) par-
ticipated in this study. Weight was 80.1 kg
(53-125 kg range) and height was 179 cm
(160-195 cm range). Forearm BMD and
BMC at distal and ultradistal sites were
measured by single X-ray absorptiometry
(osteometer DTX 100). The correlation
between BMD, BMC and these factors was
evaluated using a one-way analysis of varian-
ce ANOVA model. Subjects were divided in
four groups of calcium intake (<400 mg/d,
400-800 mg/d, 800-1200 mg/d, >200 mg/
d), four groups of protein and alcohol
intake. There also were five groups of exer-
cise level, six groups of sun exposure, and
two groups of duration of immobilization.

Results: Calcium intake, exercise level
and sun exposure were statistically sig-
nificant correlated with distal forearm
BMC and BMD. In the group with the
lowest levels of calcium intake (<400 mg/
day) distal and ultradistal BMD was lower
than in the other groups of calcium intake
(p = 0.03). Distal BMC and ultradistal BMD
were lower (p = 0.36 and 0.09 respectively)
in subjects with low physical activity (<1
hour/week), while distal BMC was higher
(p = 0.02) in subjects with very often sun
exposure. There was not found any signifi-
cant correlation between the other exam-
ined factors and BMD or BMC.

Conclusion: Calcium intake, exercise
level and sun exposure are significant cor-
related with distal BMD and BMC in young
men adults.

IS SLIPPED CAPITAL FEMORAL
EPIPHYSIS HORMONALLY
INDUCED?

Papavasiliou K. A.l, Kapetanos G. A}, Kirkos J. M.},

Pournaras J.2

1 Aristotle University of Thessaloniki - Medical
School, 3 Orthopaedic Department,
,Papageorgiou“ General Hospital, Thessaloniki,
Greece

2 Aristotle University of Thessaloniki - Medical
School, 15t Orthopaedic Department,
,G. Papanikolaou“ General Hospital,
Thessaloniki, Greece

Aim of the study: Epiphysiolysis of
the upper femoral epiphysis or Slipped
Capital Femoral Epiphysis (SCFE) is a re-
latively rare type of fracture that occurs
during the early stages of adolescence. This
prospective clinical study aims at assessing
the potential pathologic influence of any
hormonal disorders or fluctuations on the
development of SCFE.

Materialsand methods: Fourteen pati-
ents, seven boys and seven girls suffering
from SCFE were included in the study. We
measured the levels of Thyroid Hormones
[3.5.3Triiodothyronine (T3), Thyroxine
(T4) & Thyroid Stimulating Hormone],
Testosterone, Estradiol, Dehydroepiandro-
sterone Sulfate (DHEA'S), Follicle Stimula-
ting Hormone (FSH), Luteinizing Hormone
(LH), I-Parathyroid Hormone (I-PTH),
human Growth Hormone (hGH), Adrenal
Cortex Hormone (ACTH) and Cortisol,
along with serum Calcium (Ca), Phosphorus
(P) and Alkaline Phosphatase (ALP) levels.
Every other necessary anthropometric
(age, height, weight & sexual development
according to the Tanner classification) or
clinical (degree and location of slipping)
data was also taken into account.
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Results: An increased incidence of
pathological values was detected. Fifty two
out of a total of 168 hormonal determina-
tions (31 %) were pathological. The serum
determinations of LH (10 pathological out
of 14 determinations), I-PTH (9 patho-
logical out of 14 determinations), FSH
(9 pathological out of 14 determinations)
and testosterone (6 pathological out of 14
determinations) revealed the bulk of the
pathological values. None of the patients
had any clinical signs and/or symptoms
whatsoever that suggested the existence of
an endocrinopathy.

Conclusions: The recent develop-
ments in the understanding of the homeo-
stasis of the growth plate together with the
increased incidence of hormonal disorders
that were detected in our patients shed
new light on the etiology of SCFE and actu-
ally rejuvenate the ,theory of hormonal
intervention“ as a contributing factor in
the pathogenesis and development of this
multi-factorial disease. It is possible that
a temporary hormonal disorder (and not
necessarily an endocrinopathy) during the
early years of adolescence may play a po-
tentially significant role (along with others
etiologic factors: e.g. obesity, minor or
major trauma, growth plate’s planarity and
inclination angle, insufficiency of hydrosta-
tic and tensile growth plate’s components)
in the development of SCFE.

ANTHROPOMETRICS
BIOCHEMICAL MARKERS
AND BMD IN MEN

Fagarasanu O. S., Battie M. C., Videman T.
University of Alberta, Canada,
Faculty of Rehabilitation Medicine

Introduction: It has been theorized
that weight and muscle mass influence

BMD through associated loading, and fat
through hormonal effects. The relation
between anthropometrics and biochemi-
cal markers has not been studied. The obje-
ctive was to examine the relation of body
weight, fat and fat-free measures with bio-
chemical markers of bone synthesis (PINP)
and degradation (NTx) to gain insights into
the mechanism through which body size
and composition influence BMD.

Materials and methods: 145 rando-
mly selected subjects from 40 to 70 years
of age (mean 50.2, SD 7.4) from the popu-
lation-based Finnish Twin Cohort were stu-
died. Bioelectrical impedance has been
used for measuring percent of body fat.
Serum and urine specimens were collected
in the morning and subsequently stored at
-20 °C to await analysis. PINP was deter-
mined from serum by radioimmunoassay
(Orion Diagnostica, Finland), with intra-
assay CV 4.6-10.3 % and inter-assay CV 3.1-
10.8 %. NTx was measured in urine using
an ELISA resorption assay (Osteomark™;
Ostex International) and was normalized
to urinary creatinine (analytic intra-assay
CV < 5 %, the analytic inter-assay < 8.0 %).
Bone mineral density was measured with
DXA (Lunar DPX, Madison, WI), at the
LI-L4 vertebrae (CV 0.9 %) and femoral
neck (CV1.5 %).

Results: Weight, BMI and fat-free mea-
sures were similarly associated with BMD
(r = 0.36-0.46, p < 0.01), and were more
highly associated with NTx (r = -0.25- -
0.37, p < 0.01) than was fat percentage(r =
-0.17, p < 0.05). Fat percentage did not
statistically significant correlate with BMD
or PINP, and did not add to the variance in
BMD or in NTx explained by fat-free BMIL
Fat free BMI was a stronger determinant
for spine BMD and NTx than weight.
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Conclusion: Fatfree BMI was the
strongest determinant for NTx, PINP and
spine BMD supporting our hypothesis that
fat-free parameters as a measure of bone
and muscle mass play a more important
role in bone metabolism in men than body
fat. The underlying mechanism of the fat-
-free BMI to enhance BMD is related to
decreased resorption as assessed by NTx
marker.

Adresa autora:

Prof. Ing. Jan Culik, DrSc.

Ceské vysoké uceni technické, Praha
Ustav biomedicinského inZenyrstvi
nam. Sitna 3105
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ADAM M.

Institute of Rheumatology, Prague

Gardini Naxos tvofi soucdst Taorminy, jez je situovana ve strani a ve vzdalenosti asi
4 km. Pfislusné mezindrodni letisté je v Catanii. Spojeni s Garini Naxos je autobusem
a trvd asi jednu hodinu. Jedna se o pfimofské lazenské stiedisko s fadou hoteld a dlouhymi
plaZemi, nad nimzZ se vypind Etna 3380 m nad mofem. Program probihal na dvou mistech
- v jednom ctyfhvézdickovém hotelu a v kongresovém centru. Symposia se zicastnilo cel-
kem 409 badatelu ze 16 zemi. Nejhojnéji byla zastoupena Velka Britanie (89), dile pak Itilie
(63) a Némecko a Recko (po 43). Ceskou republiku representovalo 11 pracovniki.

Program byl rozdélen na plenirni pfedndsky (po 45 minutich), kterym bylo vénovano
kazdé dopoledne a na odpoledni workshopy (celkem 16), tvofenych postery, z nichZ
nejlepsi byly vybrany pro ordlni presentaci. Tématy workshopt byly struktury a funkce
kolagent, proteoglykant, glykoproteinti a elastinu. Dile pak bunéc¢né interakce a jejich
diferenciace, proteasy a jejich inhibitory, ristové faktory, choroby pojiva, regenerativni
medicina, pfirozené a syntetické biomateriily kromé dalSich.

Z Ceskych ucastnika byly vybriany pro oralni presentaci prace V. Rihoskové-Baresové
a M. Brauna. M. Adam predsedal spolu s dvéma italskymi kolegy workshopu o biomateri-
alech. Na valném shromdzdéni bylo hlasovanim usneseno, Ze XX. zaseddni FECTS se bude
konat zacitkem cervence v Oulu, Finsko na nejsevernéjsi université svéta. V dalsi ¢asti
uviadime souhrny vyzna¢nych sdé€leni.

BASEMEMT MEMBRANES IN THE
CENTRAL NERVOUS SYSTEM

link at the base of the brain. Arteries in
the subarachnoid space get into the brain
parenchyma and capillary vessels form
a functional unit, composed of the three
layers of endothelium, basal Iamina, and
astrocyte processes, and have complete
blood-brain barrier (BBB) properties. BBB
and blood-CSF barrier (BCSFB) represent

Yoshifumi Ninomiva and Tomoko Yonezawa
Department of Molecular Biotogy and Biochemistry,
Okayama University Graduate School of Medicine
and Dentistry, 2-5-1, Shikata-cho,

Okayama 700-8558, Japan

The brain is supplied with blood from
major arteries that form an anastomotic

the main interfaces between the central
nervous system (CNS) and the peripheral
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circulation. Our recent discovery of a no-
vel immunoglobulin superfamily protein
designated as limitrin showed that it is
selectively localized at glia limitans perivas-
cularis and superticialis. Disruption of BBB
demonstrated that limitrin was expressed
in areas where this barrier was function-
ing but was not expressed in areas where
it had been destroyed: Limitrin was not
expressed in the median eminence known
as circumventricular organs where BBB is
lacking. Thus, limitrin is a new component
of the glia limitans and we hypothesize that
it functions to maintain homeostasis in the
brain. Physiological role of basal lamina
(BL) in the adult brain is unknown. A new
type of BL called fractone has been recog-
nized in the most neurogenic zone of the
adult brain, the subependymal layer (SEL)
of the lateral ventricie. BL surrounding
capillaries extends its projections (stem)
and ends with finger like structure called
bulb at the SEL. This structure was analyzad
by BL-specific probes. Immunostaining
of type 1V collagen-specific antibodies
showed the distribution was not universal
within SEL but differential. It may be neces-
sary that cytokines and growth factors bind
ECM protains of BL to influence the fate of
neural stem cells in SEL.
References:

1. URABE N. et al.: (2002) Arch Histol Cytol.
65:133-143.

2. YONEZAWA T. et al.: (2003) Glia 44:190-204.

TRANSCRIPTIONAL CONTROL
OF FIBRILLAR COLLAGEN GENES
BY TGF-3 AND INFLAMMATORY
CYTOKINES

Alain Mauviel, Ph.D.
INSERM U532, Hopital Saint-Louis, Paris, France

The balance between production and
degradation of type 1 collagen plays a cri-
tical role in the development and main-
tenance of organ and tissue integrity. It
also represents the most crucial element
governing the process of tissue repair.
The synthesis of type 1 collagen gene is
highly regulated by different cytokines
at transcriptional level. Especially, TGF-B,
akey player in the physiopathology of
tissue repair, enhances type 1 collagen
gene expression. In contrast, TNF-o. whose
matrix-remodeling function is opposite to
that of TGF-f, reduces type 1 collagen gene
expression. Recent progress in the under-
standing of signal transduction mecha-
nisms downstream of growth factor and
cytokine receptors has allowed to decipher
the complexity of transcriptlonal regula-
tion of type 1 collagen by TGF-$ and TNF-a.,
and of the molecular mechanisms that
control the antagonistic activity of these
cyto kines. Specifically, crosstalks between
the Smad cascade downstream of the TGF-f
receptors and both the NF-«B and MAP
kinase cascades activated by TNF-o will
be discussed, in the context of tibrillar
collagen gene regulation and extracellular
matrix remodeling.
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THE IMPORTANCE OF AGGRECAN
CATABOLISM IN TENDON

Sarah G Rees!, Bruce Caterson?

1 School of Medicine, University of Wales Swansea,
Singleton Park, Swansea SA2 8PP

2 Connective Tissue Biology Laboratories, Cardiff
School of Biosciences, Cardiff Universily, Museum
Avenue, Cardiff CF103US.

Tendons are dense, fibrous connective
tissues that are responsible for transmitting
mechanical forces from skeletal muscle
to bone. Within tendon, the cells (teno-
cytes) are surrounded by an extracellular
matrix composed of type 1 collagen, in
addition to anumber of pro teoglycans
including aggrecan, decorin and biglycan.
Although the functions of tendon proteo-
glycans are not fully understood, changes
in their turnover. are associated with tendi-
nopathies. We have previously demon-
strated that aggrecan degradation in this
tissue is associated with cleavage within
the interglobular domain at the aggreca-
nase site (Giu373-Ala3"#). Importantly, aggre-
canases (ADAM-TS4 & ADAM-TS5) were
found to be constitutively expressed and
active in tendon, indicative of a high rate
of aggrecan turnover. This is in marked
contrast to the expression and activity
profiles of the aggrecanases in articular
cartilage. In this review, we show data to
demonstrate that (i) aggrecan turnover
in tendon is markedly higher than that
of articular cartilage; (ii) components of
the aggrecan proteoglycan aggregate are
extensively catabolised in tendon, under
constitutive conditions; (iii) aggrecan is
present in between tendon collagen fibres
and fibril bundles. Taken together, these
data indicate that this proteoglycan has
distinct physiological properties in tendon,
e.g. as the collagen fibrils undergo exten-

sion, aggrecan aggregates may dissipate
resultant compressive loads by resisting
the flow of water in these locations. In
addition, aggrecan may facilitate the slid-
ing of fibrils during the small amount of
elongation of the tendon whilst under ten-
sion. Thus, the half-life of tendon aggrecan
is significantly reduced because it con-
stantly participates in repeated resistance
to compression. Importantly, inhibition of
tendon aggrecanases (which are required
to maintain normal melabolic homeostasis)
may explain the occurrence of side-effects
(“musculoskeletal syndrome”) in clinical
trails investigating the use of “active site”
matrix metalloproteinase (MMP) inhibitors
to slow or halt articular cartilage destruc-
tion.

TISSUE ENGINEERED CARTILAGE:
IS IT GOOD ENOUGH FOR THE
PATIENT?

Anthony P. Hollander, University of Bristol, UK

Articular cartilage is avascular and has
little or no capacity to heal when it is
injured. Drilling through the subchondral
bone-plate allows bleeding into the carti-
lage lesion and this can result in a space-
filling repair in the form of fibrocarti-
lage. Achieving true tissue regeneration, ie
the growth of organized hyaline cartilage,
requires additional cellular signals.

In principle there are three approa-
ches that can be taken to cartilage repair.
In autologous chondrocyte implantation,
cells can be delivered to alesion beneath
aflap of periosteal tissue or an artificial
membrane. This technique has been used
extensively to treat focal lesions in injured
knees. In avariant of this approach, cells
can be cultured on a scaffold for a few days
before implantation, providing a simpler
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and more effective method of cell delivery.
The third possibility is complete tissue
engineering of cartilage so that both cells
and extracellular matrix can be provided
at the time of implantation. This would
provide a mechanically stable surface and
so should significantly reduce the patient’s
recovery time. However there are still
anumber of technical challenges that are
preventing clinical use of the mature tissue
engineering approach.

Whichever method is used to treat
patients, akey problem is measuring the
outcome of the cartilage repair. It is only
by effective measurement of cartilage
regeneration that further improvements
in the technology can be made. Non-inva-
sive methods of assassing cartilage can-
not provide reliable data on tissue quality.
However, sophisticated biochemical analy-
sis of second-look biopsies can provide
adirect measure of tissue regeneration,
which can then be correlated to clinical
outcome measures. Particular effort must
be focused on developing a treatment for
patients with advanced osteoarthrilis rat-
her than focal lesions. The, source of autolo-
gous donor cells is likely to be an important
factor in these cases. Chondrocytes form
outside the joint or stem cells may provide
a better repair than cells taken from within
the osteoarthritic knee.

In summary, methods for the repair of
cartilage are already well advanced, but
new generations of techniques will be
needed to treat more challenging cases.

THE EFFECTS OF BISPHOSPHONATES
ON THE BONES OF CHILDREN
AND MICE WITH OSTEOGENESIS
IMPERFECTA

Joan C. Marini', Thomas E. Uveges!,

Anne D. Letocha!, Kenneth M. Kosloff?2,

Jennifer M. Ty!, Gloria Gronowicz3 and

Steven A. Goldstein?

! Bone and Extracellular Matrix Branch, NICHD, NIH
2 Univ Michigan,

3 Univ Connecticut, USA

Bisphosphonates have been widely
administered to children with osteoge-
nesis impertecta without controlled trials.
These anti-resorptive drugs will not block
the synthesis of mutant collagen or its
incorporation into matrix. We conducted
parallel controlled trials of pamidronate
in children with types III and IV OI and of
alendronate in the Brtl mouse, a murine
model for type IV OL

The murine study focused on the
effects of drug on femurs, including bone
density, micro CT, biomechanics and his-
tomorphometry. Areal BMD of femurs was
increased, partially reflecting retention of
mineralised cartilage. Trabecular number
was dramaticalty increased, doubling femo-
ral BV/TV. Cortical thickness increased
by perfosteal bone deposition and dia-
physeal geometry became more rounded.
Alendronate significantly increased femoral
stiffness, and the load points of irreversible
damage and fracture. However, the mate-
rial properties of Brtl bone were exacer-
bated. Brittleness of bone and material ben-
ding strength were both worse in treated
femurs. Osteoclast surface was increased in
both Brtl and wt bone. Osteoblast surface
increased in wt femurs but not in Brtl; Brtl
OB had an altered morphology suggesting
a direct drug effect on OB.
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The pediatric study focused on ver-
tebral bodies and functional measures.
Eighteen children (4-13 yrs) were ran-
domized to treatment (iv pamidronate
q3mos) and control groups for a 1 yr trial;
seven treated children received an addi-
tional year of drug. The treatment group
experienced a significant increase in L1-
L4 DEXA z-score, mid-vertebral height and
coronal area, compared to controls. These
effects leveled off after 1 year of treat-
ment; the gains were maintained during
the extended treatment phase but not fur-
ther increased. In the context of an active
OI rehabilitation program, there was no
significant change in long bone fractures,
ambulation, muscle strength or pain.

The combined murine and pediatric
studies suggest that bisphosphonates are
most beneficial for the spine in OI. Further,
there is an optimum duration of treatment
during which gains in bone geometry and
mechanics occur, but longer treatment
confers little additional benefit and may
exacerbate material properties of OI bone.

MECHANISMS OF MATRIX
ASSEMBLY FROM MOLECULES
TO TISSUES

David J. S. Hulmes
Institul de Biologie et Chimie des Protéines, CNRS
UMR 5086, IFR 128, 69367 Lyon cedex 7, France.

Extracellular matrix structures assemble
as a result of multiple inleractions between
the products of over 200 genes that togeth-
er make up the “matrixome”. Different lev-
els of structural organisation can be dis-
tinguished, from molecules. networks and
fibrils to large scale, tissue-specific architec-
tures (1). Here, taking the collagen system
as a paradigm, different molecular mecha-
nisms controlling matrix assembly will be

discussed. Topics to be addressed include:
(i) trimerization of polypeptide chains dur-
ing molecular assembly, including the roles
of specitic sequences such as coiled-coil
motifs in procoliagen C-propeptide regions
(2, 3), (ii) fibril assembly and the roles of
proteolytic processing of precursors and
interactions with regulatory proteins such
as leucine rich repeat proteoglycans and
procollagen C-proteinase enhancer (4, 5)
and (iii) higher levels of organisation (lig-
uid-crystalline like) as seen, for example, in
cornea and bone (6). What are the princi-
ples underlying matrix assembly? What are
the limits to self-assembly and what is the
role of the cell in organising the matrix?
What can be learnt from other extracel-
lular systems about the roles of specific
structural domains such as the collagen
triple-helix and CUB modules? Can we aim
to reconstruct tissue-specific architectures
in vitro for applications in tissue engineer-
ing? Particular attention will be given to the
procollagen C-proteinase (PCP) enhancer
proteins, which though devoid of intrinsic
enzymatic activity, can increase the activi-
ties of PCPs/tolloid proteinases by several
fold. Preliminary results raise the possibility
that PCPE-1 may be specific for the fibrillar
procollagens, thus providing a new target
for the selective regulation of PCP activity
on fibrillar procollagen substrates.
References:
1. HULMES D. J. S. (2002) J. Struct. Biol., 137:2-10.
2. MCALINDEN A. et al (2003) J. Biol, Chem.,
278: 42200-42207.
3. BERNOCCO S. et al (2001) J. Biol. Chem., 276:
48930-489306.
4. RICARD-BLUM 5. et at (2002) J. Bial. Chem.,
277: 33864-33869.
5. BERNOCCO S. et al (2003) J. Biol. Chem.,
278: 7199-7205.
6. MARTIN R. et al (2000) J. Mol. Biol.. 301: 11-17.
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PROTEOGLYCAN LECTINS -
3D STRUCTURE AND
IMPLICATIONS FOR FUNCTIONS

Anders Aspberg

Connective Tissue Biology, Department of Cell
and Molecular Biology, Lund University, BMC-G12,
$-22184 Lund, Sweden

In extracellular matrix (ECM) assembly,
complex molecular networks are formed
through specific interactions between dif-
ferent components secreted into the extra-
cellular space. One such network of critical
importance for tissue function involves the
lectican proteoglycans aggrecan, versican,
neurocan and brevican. The lecticans bind
hyaluronan through their N-terminal G1
domain and ECM proteins through the
C-type lectin domain (CLD) in their C-ter-
minal G3 domains.

Most proteins in the CLD family are
true lectins that bind carbohydrate lig-
ands, with the ligand forming part of the
coordinating sphere for the calcium ion. In
contrast, the lectican G3 CLDs bind ECM
ligands through calcium-dependent direct
protein-protein interactions. We have now
determined the crystal structure of the
CLD of rat aggrecan in complex with Fnlll
repeats 3-5 of rat tenascin-R, with a resolu-
tion of 2.6 A. The aggrecan CLD structure is
typical of long-form CLDs with 3 Ca?* ions
bound by loops in a characteristic manner.
These loops form aflat binding surface
with relatively high shape complementa-
rity for the bound tenascin-R molecule
resulting in a total buried surface area of
1917 A?, Surprisingly, there is no direct
coordination of the Ca?* ions by tenascin-R.
Furthermore, the bound tenascin-R pro-
tein shields the “Ca2” calcium ion nor-
mally responsible for CLD carbohydrate
binding, making carbohydrate interactions

impossible. The structure of the aggrecan
CID in complex with tanascin-R clearly
demonstrates the function of lectican G3
CLOs in ECM cross-linking and assembly.
Rotary shadowing electron microscopy on
complexes of native hyaluronan-aggrecan
aggregates and full-length tenascin-R or
tenascin-C confirmed that the CLD inte-
ractions can mediate assembly of complex
ordered multi-molecular ECM structures.
Interestingly, comparison of the aggre-
can CLD protein interaction surface with
that of P-selectin in complex with the
PGSL-1 peptide suggests that direct protein-
protein interactions of CLDs may be more
widespread than previously appreciated.

COOPERATION BETWEEN
INTEGRIN AND SYNDECAN
SIGNALLING DURING CELL
MIGRATION

Martin J. Humphries, Zohreh Mostafavi-Pour and
Mark D. Bass.
Unlversity of Manchester, UK

During cell adhesion to fibronectin (FN)
there is gross reorganisation of the actin
cytoskeleton that is linked to the formation
and maturation of adhesion complexes and
is regulated by the Rho family of GTPases.
Cells plated onto a ligand of integrin o581
spread but fail to form focal adhesions or
fully organise actin into bundled stress
fibres unless co-stimulated with a ligand of
syndecan-4. Engagement of syndecan-4 in
such pre-spread cells recapitulates the Racl
and RhoA activation profiles observed dur-
ing spreading on whole FN, and stimulates
sequential formation of focal complexes
and focal adhesions. Furthermore, since
adhesion to a ligand of o581 alone does not
activate Racl, engagement of syndecan-4
appears to be an absolute requirement. We
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propose that syndecan-4-stimulated Racl
activation is necessary for the formation
of nascent focal complexes, and that cells
fail to form mature focal adhesions and
stress fibres. in the absence of syndecan-
4 engagement because they are unable
to form the early complexes upon which
they are built. In related work, we have
examined differences in the mechanism of
focal adhesion formation mediated by the
FN-binding integrins o4p1 and a5B1. Two
signalling differences were found. First;
a4P1 and o5p1 have a differential require-
ment for cell surface proteoglycan engage-
ment for focal adhesion formation and
migration o5B1 requires a proteoglycan
co-receptor (syndecan-4, end a4pl does
not. Second, adhesion via a5p1 caused an
8-fold increase in PKCa activation, but only
basal PKCo activity was observed following
adheslon via a4p1. Pharmacological inhi-
bition of PKCo and transient expression
of dominant-negative PKCo suppressed
focal adhesion formation and cell migra-
tion mediated by o581, but had no effect
on o4p1. These findings demonstrate that
different integrins can signal to induce
focal adhesion formation and migration by
different mechanisms.

ROLES OF TYPE XVIII COLLAGEN
AND ITS ENDOSTATIN DOMAIN
IN NORMAL AND PATHOLOGICAL
SITUATIONS

Taina Pihlajaniemi

Collagen Research Unit, Biocenter Oulu and
Department of Medical Biochamistry and
Molecular Biology, Aapistie 7, FIN-90220 Oulu,
Finland

Type XVIII collagen is anon-fibrillar
collagen with heparin sulphate side chains
that widely occurs in the body in associa-

tionwith basement membranes. Endostatin,
a proteolytic fragment of type XVIII col-
lagen, has been shown to inhibit angio-
genesis, tumor growth, and endothelial
cell proliferation and migration. Moreover,
type XVIII collagen/endostatin is known to
be crucial for the eye as witnessed by the
severe eye defects in Knobloch syndrome
patients with mutations in this collagen
and in Col18al”" mice.

In further studies we show that in
a specitic C57BL background; 20 % of the
Col18a17 mice developed hydrocephalus.
Significant broadening was observed in
the epithelial basement membrane (BM)
of the choroid plexuses (CP). The CP epi-
thelial cell morphology was altered, sug-
gestive of alterations in cerebrospinal fluid
production. Analysis of BMs elsewhere in
the body revealed a broadened epidermal
BM in the Col18al”’ mice, but this did not
result in apparent functional deficiencies.
Abnormally broadened BMs were found
also in the heart atrioventricular valves
and in the kidney tubulus and the serum
creatinine levels were elevated indicating
alterations in the kidney filtration capacity.
Thus lack of type XVIII collagen can result
in a variety of phenotypic alterations that
are dependent on the genetic background.

We also analyzed the functions of the
endostatin domain by generating trans-
genic mice in which it was overexpressed
in the skin and lens capsule. Endostatin
overexpression was found to markedly
affect the lens and skin, leading to lens
opacity and abroadened epidermal BM.
Immunoelectron microscopic studies indi-
cate a polarized orientation of type XVIII
collagen molecules in most BMs. All in all,
we observe broadening of the BMs in the
absence of this collagen and an apparent
phenocopying of this BM defect when
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monomeric endostatin is overexpressed
in mice synthesizing fulllength type XVIII
collagen molecules. Based on the location
of type XVIII collagen molecules in the
BMs and the findings in the Col18al”- and
endostatin overexpression mice we pro-
pose amodel for the role of type XVIII
collagen and its endostatin domain in the
organization of BMs.

FIBRILLINS: STRUCTURE AND
FUNCTION IN HEALTH AND
DISEASE

Dieter P. Reinhardt
University of Liibeck, Department of Medical
Molecular Biology, 23538 Liibeck, Germany

Fibrillins are the major backbone con-
stituents of multi-functional entities in
elastic and non-elastic extracellular matri-
ces, called microfibrils. Correct assembly
and multiple ligand binding properties of
fibrillins are critical for the proper forma-
tion and function of microfibrillar systems.
These properties of fibrillins are often
compromised in pathological situations
such as Marfan syndrome and other micro-
fibrillopathies.

Assembly of fibrillins into microfi-
brils requires multiple steps on several
hierarchic levels. These steps include self-
assembly properties of individual mole-
cules, intermolecular disulfide bond for-
mation, contact with cells, and regulation
of the process through individual binding
ligands. New insights in these individu-
al aspects of microfibril biogenesis and
identification of potential regulatory ele-
ments in this process will be addressed in
this paper. Fibrillins interact with multi-
ple ligands whereby the N-terminal region
constitutes a multi-functional interaction
site. New structural and functional details

of this multi-functional site will be pre-
sented. Mutations in fibrillin-1 resulting in
Martan syndrome are distributed over the
entire protein and are frequently located
in calcium-binding EGF-like modules. Since
anumber of other genetic disorders are
also caused by mutations in these modules,
mutation analysis in fibrillin-1 has proto-
type character. Structural consequences
of mutations in these modules will be
demonstrated.

TYPE II COLLAGEN FRAGMENTS
AS ACTIVATORS OF
METALLOPROTEASE EXPRESSION
IN CHONDROCYTES

Marion Fichter!, Ulrike Korner?,

Lawrence Jennings?, Ada Cole?,

Juergen A. Mollenhauer!

! Dept. of Orthopaedics, Waldkrankenhaus
“Rudolf Elle”, Eisenberg

2 Dept. of Biochemistry, Rush Medical College,
Chicago

Introduction: Collagenous degrada-
tion products are typical constituents of
normal and degenerative cartilage and may
contribute to regulate matrix biosynthesis.
Here we present evidence for the induc-
tion of various matrix metalloproteases
(MMP) by. collagenase-generated collagen
fragments (colf) and by a specific synthetic
peptide modeled from the N-terminal telo-
peptide (N-telo), at concentrations even
below those found in diseased cartilage
(up to 20 % of total collagen).

Methods: Isolated bovine chondro-
cytes and bovine or human cartilage
explants were treated for up to three
weeks with various doses of the colla-
gen type II peptides in a synthetic culture
medium. The medium was then tested for
the presence of MMPs by gelatin zymog-
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raphy and Western blotting. Expression
levels for MMP mRNA were measured by
Light Cycler PCR. MMP-3 levels in medium
were quantified by ELISA. In explants, pro-
teoglycan content was defined by dimethy-
lenblue assay, collagen via hydroxyprolin
determination.

Results and Discussion: Significant
upregulation (4 to 500fold) of message
was found for MMP-2, MMP-3, MMP-9, and
MMP-13, depending on MMP and fragment
dose in adose range from 0.1 to 10 mg/
ml. Zymography revealed both up-regula-
tion and activation of pro-MMP-2 and -9.
Cartilage explants experianced various
degrees of proteoglycan losses, little loss
of collagen. Taken together, the incubation
of chondrocytes or cartilage explants with
even moderate amounts of fragmented col-
lagen molecules seems to induce a vicious
circle of matrix degradation triggered by
a relatively unspecific activation of MMP
expression.

EXPRESSION OF ADAMTS -1, -4, -5,
TIMP-3 AND VERSICAN IN
MULTIPLE SCLEROSIS CNS TISSUE.

Bunning R. A. D.!, Cross A. K.!, Haddock G.},
Plumb J.1, Surr J.!, Woodroote N. M.}, Buttle D. J.2
I Biomedical Research Centre, Sheffield Hallam
University, Howard Street, Sheffield S1 1 WB, UK
2 Division of Genomic Medicine, University of
Sheffield Medical School, Sheffield Children’s
Hospital, Sheffield S10 2TH, UK

Introduction: In multiple sclerosis
(MS) complex changes occur in the CNS
extracellular matrix (ECM) during lesion
development. CNS chondroitin sulphate
proteoglycans (CSPGs) versican, aggrecan,
brevican and neurocan promote cell adhe-
sion, migration and influence neurite out-
growth (1). ADAMTS (a disintegrin and

metalloproteinase with thrombospondin
motifs) enzymes are a relatively new group
of metalloproteinases (2). The ECM sub-
strates degraded by ADAMTS-1, -4 and
-5, including CSPGs, suggest that they play
arole in turnover of the CNS ECM. TIMP-
3 is the major inhibitor of ADAMTSs but
heparin, chondroitin sulphate and throm-
bospondins also inhibit aggrecanase activi-
ty. ADAMTSs and TIMP-3, in MS, may modu-
late ECM breakdown as well as affecting
demyelination and prevention of remye-
lination. Thus the potential role of these
enzymes in MS has been investigated.
Methods CNS tissue from MS and con-
trols (UK MS Tissue Bank, Charing Cross
Hospital, London, UK) was assessed for the
expression of ADAMTS-1, -4 and -5, TIMP-3
and the ECM component, versican, at the
mRNA and protein level by qRT-PCR, wes-
tern blotting and immunocytochemistry.
Results and Discussion: ADAMTS -1,
-4 and -5, versican and TIMP-3 were all
expressed at the mRNA and protein level
in control and MS tissue. The levels of
ADAMTSs, versican and TIMP-3 differ in
MS compared to control CNS tissue. This
provides the first report of modulation of
ADAMTS expression in MS tissue.
References:
1. SOBELR.A., AHMED A.S.: (2001) J Neuropath
Exp Neurol. 60, 1198-1207.
2. VANKEMMELBEKKE M. N., BUTTLE D. J.:
(2001) Receni Res Dev Biophys Biochem 1, 9-33.
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PERLECAN COMPARTMENTALIZES
COLLAGEN X IN THE MAMMALIAN
GROWTH PLATE

Cheah K. S. E.!, Niewiadomska A.!, Dung W. F.,
Lau Y. B.!, Hunziker E.2, Aszodi A3, Gustafsson E.4,
Yamada Y5, Zhou Z.!, Tryggvason K.6,
Boot-Handford R.7, Chan D.!

! Biochemistry Dept., University of Hong Kong.,
Hong Kong,

2 ITI Research institute for Dental and Skeletal
Biology, Switzarland,

3 Max Planck institute for Biochemistry, Germany,
4 Dept. Experimental Pathology, Lund Universiry,
Sweden

5 NIDCR, USA

¢ Dept. Medical Biochemistry & Biophysics,
Karolinska Institute, Sweden

7 Wellcome Trust Centre tor Call-Matrix Research,
University of Manchester; UK

Introduction: Different chondrocytes
in the growth plate are organized into dis-
tinct zones and synthesize characteristic
matrix (ECM) components. Collagen X is
specifically localized in the hypertrophic
zone. But collagen X can move through car-
tilage from one region to another and can
enhance accumulation of proteoglycans
upon infiltration into non-hypertrophic
cartilage. Collagen X deficiency in mice
results in altared distribution of proteo-
glycans in non-hypertrophic regions of
the growth plate. We proposed previously
amodel where collagen X functions to
compartmentalize ECM components espe-
cially proteoglycans in the hypertrophic
zone. We tested this model further by
genetic manipulation of the relative levels
of collagen X and proteoglycans in the
hypertrophic zone.

Methods: The relative in vivo pro-
portions of proteoglycans (perlecan and
aggrecan) to collagen X were altered by
a) overexpressing collagen X in the hyper-

trophic zone in transgenic mice using
vectors (Coll0FLAG/ Col10e-FLAG) com-
prising a FLAG-tagged Coll0al gene with
2kb 5° DNA plus/minus a 600bp DNA ele-
ment similar to human COL10al enhan-
cer; or b) reducing proteoglycans using:
perlecan (Hspg2) hull, Hspg2 exon3 null
(Hspg2delta3: Hspg with reduced heparin
sulphate chains), Cmd (aggrecan null)
mutant mice.

Results and Discussion: Collagen X
was mislocalised and distributed through-
out the growth plates of Coll0FLAG/
Col10e-FLAG transgenic mice and Hspg2
null mutants. Mild mislocalisation of colla-
gen X was also found in Hspg2delta3 mice.
Collagen X localisation was unaffected in
cmd mice. We propose specific localiza-
tion of collagen X in the hypertrophic zone
in the growth plate depends on balanced
proportions of collagen X and perlecan.
The compartmentalization may involve, in
part, interaction between collagen X and
heparan sulphate chains.

DETERMINATION OF COLLAGEN
CROSS-LINKS AS INDICATORS

OF PATHOLOGICAL CHANGES

IN CONNECTIVE TISSUE DISEASES

Braun M., Hulejova H., Adam M., Forejtova S.,
Senolt L., Pavelka K.
Institute of Rheumatology, Prague, Czech Republic

Introduction: Cross-linking of colla-
gen molecules is one of the changes of con-
nective tissue whose causes are not clear
yet. Collagen cross-links determination is
agood way how to describe metabolic
pathways leading to collagen breakdown
and its quantitication. In our study we
focused on pentosidine (PEN), one of the
best defined advanced glycation endpro-
ducts (AGEs) and on bone resorption mar-
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kers, pyridinoline (PYD) and deoxypyridi-
noline (DPD).

Methods: Body fluids of patients with
rheumatoid arthritis (RA), osteoarthritis
(OA), diffuse idiopatic skeletal hyperostosis
(DISH) and healthy controls were analysed
for PEN, PYD and DPD content using very
sensitive HPLC methods utilising fluores-
cence detection. For DPD determination
in DISH, immulite (DPC, Los Angeles, US)
was used. Cross-link levels were compared
in all groups to demonstrate influence of
inflammation, glycoxidation and degenera-
tive processes on collagen breakdown.

Results and discussion: PEN was sig-
nificantly increased in RA and OA, but
even in some DISH patients in comparison
with healthy subjects. The most markedly
elevation was in RA, where inflammation
and oxidalive processes played the key
role, while in OA it was caused rather due
to insufficient reparation and ageing of
collagen structures. In DISH, frequent asso-
ciation with diabetes mellitus would be the
main factor responsible for PEN elevation.
Osteoclastic activity markers (PYD, DPD)
were increased in those pathological states
as well. Combining these results indicating
effect of glycoxidation versus bone resorp-
tion could be useful tool in assessment
of main risk factors in chronic rheumatic
diseases progression.

This work was supported by MH CR,
research programme No. 00000023728
and grant No. NK7732-3.

BIOTOLERATION OF
CYCLOOLEFIN COPOLYMER AND
ITS BLENDS IN VITRO

Rihoskova V., Hulejova H.!, Petrtyl M.2,. Bastl Z.3,
Jira A2, Krulis Z.%, Horak Z.%, Adam M.!

! Institute of Rheumatology, Prague

2 Gzech Technical University, Faculty of Civil
Engineering in Prague

3 Institute of Physical Chemistry, Academy

of Sciences in Prague

4 Institute at Macromolecular Chemistry, Academy
of Sciences in Prague

Introduction: Development and appli-
cation of new materials for artificial substi-
tutions of skeletal elements is addressed to
materials which have similar mechanical
features to biomechanical characteristics of
organic tissues and are tolerated by biologi-
cal milieu. These requirements are fulfilled
by the cycloolefin copolymer (COG, 1). In
our study we monitored the biotoleration
of this material in vitro.

Material and methods: Three types
of materials were tested in vitro: COC, high
density polyethylene (HDPE) and COG/
HDPE (1/1) blend. Spontaneous prolifera-
tion of synovial tibroblasts was investi-
gated by establishing of growth curves. The
cell adhesion was tested by labeling cells
with 5’-bromo-2’-deoxy-uridine (BrdU).
Apoptosis (active caspase-3), production of
inflammatory cytokines (TNF-alpha. IL-8)
and of stress protein (Hsp60) were mea-
sured by ELISA.

Results and Discussion: Proliferation
of synovial tibroblasts was taster on the
matarial COG (doubling time 121.7 h) than
on COCIHDPE blend (185.8 h) or HDPE
(178.4). The adhesion of cells to tested
materials was after 12 h stronger to COC
than to HDPE and for COC/HDPE. Cells
grown on tested materials did not produce
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enhanced levels of active caspase-3, sug-
gesting that none from the tested materials
is toxic for synovial fibroblasts. The lowest
production of TNF alpha and IL-8 was
monitored in cell cultures grown on COC
material. Similar observations were made
when expression of Hsp60 was measured.
All above mentioned tests in vitro showed
the highest biotoleration of COC material.
From performed experiments we conclude
that cycloolefin copolymer is a material
very well tolerated by synovial fibroblasts
in vitro.

This work was supported by Grant
Agency Czech Republic, project No.. 105/
03/0255

References: KRULIS Z. et al. submit-
ted abstract: Cycloolefin copolymer - new
material for skeletal implants.

COMPARISON OF EXPRESSION
OF CYTOKINES AND
METALLOPROTEINASES IN
ADVANCED KNEE AND HIP
OSTEOARTHRITIS

Hulejova H., Rihoskovd V., Klézl Z., Adam M.
Institute of Rheumatology, Orthopaedic Clinic
of the Central Military Hospital, Prague, Czech
Republic

Introduction: Osteoarthritis (OA) is
the most common degenerative joint disea-
se causing disability in eldery. Synovitis
and formation of granulation tissue (GT)
in subchondral bone can be observed in
many patients with OA. The aim of our
study was to establish whether in OA joints
occurs imbalance between production
of cytokines, metalloproteinases and its
inhibitors.

Material and Methods: After total hip
or knee joint replacement blood serum (S),
cartilage (C), synovial tissue (ST), GT and

synovial fluid (SF) were obtained from 80
OA patients. Solid tissues were extracted
using the 0.5M TRIS buffer. The levels of
cytokines IL-8 and TNFa were established
immunochemicaly by immulite (DPC, Los
Angeles, CA, USA). Levels of MMP-2, MMP-3,
MMP-9, TIMP-1 and cytokines IL-1a, II-10
were measured by ELISA tests (Milenia
Biotec GmbH, Bad Nauheim, Germany).

Results and Discussion: On statisti-
cally significant different level when com-
pared to control samples were expressed
in blood serum MMP-3, MMP-9, and all tes-
ted cytokines. In cartilage MMP-9, IL-a and
IL-10; in synovial tissue MMP-9, IL-1a, IL-10
and in granulation tissue MMP-9, TNFa,
IL-10, IL-10 were expressed on significant
different level to healthy tissues. In syno-
vial fluid was the expression of all tested
proteins significantly higher than in blood
serum. Furthermore, in all tested tissues
and fluids correlated the production of IL-
la and IL-10 (r>0.59). In addition, the cor-
relation coefficient of monitored cytokines
in granulation tissue was in general higher
than 0.65.

This reflects the activated immuno-
logical network of the proinflammatory
cytokines and metalloproteinases in the
pathogenesis of OA.

This work was supported by MH CR.
research programme No. 00000023728

BIOMECHANICAL AND
BIOCHEMICAL REGULATORS
OF BONE DENSITY

Petrtyl M., DaneSova J.
CTU Pragus, F.C.Eng., Laboratory of Biomechanics

Introduction: Limit cycles of bone
remodelling are regulated biomechanically
and biochemically (genetically). The speeds
of biochemical reactions (i.e. the speeds of
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intense metabolic processes) depend on
the volume changes of molar mixtures and
on the stress changes in a bone element.
Processes of density depend on both the
dominant volume changes of molar mix-
tures and stress changes.

Methods: The speed of biochemical
reaction can be generally expressed as
follows:

k; = Cemi®Po in which n; (j = 1, 3, 4,
5) are volume changes of the determined
components of remodelling processes in
the bone tissue and p - p. = Ap is the stress
change of BMU. The overall volume chang-
es in molecular mixtures in the BMU are
generally given by the sum of volume chan-
ges in molecular mixtures, which are the
product of biochemical processes (geneti-
cally initiated), and the volume changes in
molecular mixtures, which are the product
of biochemical reactions as well, being,
however, initiated by mechanical/biome-
chanical effects. The general equation is as
follows: n; = N chMjchm » in Which n; o, is the
volume change primary resulting from bio-
chemical reactions (metabolic processes);
Njchm 1S the volume change of molecular
mixtures resulting from biochemical reac-
tions initiated mechanically.

Results and Discussion: Provided
that kj,ch = eMjch(P-Pe) and kj,ch,m = eMjchm(P-pe),
for the speed of the j™ biochemical reac-
tion, the following general expression is
obtained: k; = C; k; ¢, Kj o m- Then, it is obvi-
ous from this expression that the result-
ant speed of the j™ biochemical reaction,
which forms part of biochemical (meta-
bolic) processes in the bone tissue (in the
remodelling limit cycle) is dependent on
the product of speeds of the biochemi-
cal reaction initiated biochemically (resp.
genetically) and on the speeds of chemical
reaction initiated biomechanically. Thus,

the j-th biochemical reaction is influenced’
by the internal - primary chemical (geneti-
call effects and the external biomechanical
effects.

References:
PETRTYL M., DANESOVA J.. (2001), Acta of
Bioengineering and biomechanics, Vol. 3 . No. L.
PP. 75-91.
PETRTYL M., DANESOVA J. (2001), Acta of
Bioengineering and Biomechanics, Vol. 3, Sup.
2,2001, pp. 409-414

Acknowledgements: This research has
been supported by Grant No. 106/03/0464

CYCLOOLEFIN COPOLYMER -
NEW MATERIAL FOR SKELETAL
IMPLANTS

Krulis Z.!, Stary Z.!, Navratilova M.}, Petrtyl M.2,
Rihoskova V.3, Hulejova H.3

! Institute of Macromolecular Chemistry CAS,
Prague

2 Czech Technical University, Faculty of Civil
Engineering in Prague,

3 Institute of Rheumatology, Prague

Introduction: Polyolefinic materials
are broadly used in skeleton replacements.
Especially ultra high molecular weight poly-
ethylene (UHMWPE) has been successfully
applied in total joint prostheses. However,
for selected application some of its end-use
properties like stiffness, compliance and
hardness are not acceptable. Moreover,
processing of UHMWPE demands spe-
cial technological procedures. Therefore,
another material with proper chemical
structure (tolerated by tissues) as well as
mechanical properties has been searched.
After set of tests cycloolefin copolymer
(COC) was chosen for its balanced end-use
properties.

Materialend methods: Following mate-
rials were tested: COC (Topas 80075-04),
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HDPE (Liten 8829), COC/HDPE blends,
UHMWPE (Chirulene 1020). Standardized
methods were used to determine following
mechanical characteristics: tensile impact
strength, tensile strength, elongation at
break, Young’s modulus, creep compliance.
Results and discussion: Main conclu-
sion follows from the comparison of charac-
teristics mentioned above. COC shows
substantially higher stiffness but lower
impact strength, which can be improved
by blending with HDPE. Also tensile pro-
perties are possible to control by COC/
HDPE ratio. Creep behavior of the GOC
and COG/HDPE blends is more advanta-
geous for some applications than currently
used UHMWPE. Mechanical characteristics
obtained together with verified biocompa-
tibility of the material (1) seem to be promi-
sing for considered applications.
References:
1. RIHOSKOVA, V. et al.: “Biotoleration of cyclo-
olefin copolymer and its blends” XIX™ FECTS
Meeting, submitted abstract
Acknowledgement: This work was sup-
ported by the Grant Agency of the Czech
Republic (grant No. 106/0310255)
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ZPRAVY ¢ NEWS

INFORMACE O MEZINARODNI SPOLECNOSTI
MUSKULOSKELETALNICH A NEURONALNICH
INTERAKCI (ISMNI) A JEJIM OFICIALNIM
CASOPISU ,JOURNAL OF MUSCULOSKELETAL
& NEURONAL INTERACTIONS*

INFORMATION ON THE INTERNATIONAL
SOCIETY OF MUSCULOSKELETAL AND
NEURONAL INTERACTIONS (ISMNI) AND
ITS OFFICIONAL JOURNAL THE JOURNAL
OF MUSCULOSKELETAL & NEURONAL

INTERACTIONS

BASIC IDEA FOR THE
CREATION OF THIS
SOCIETY

Musculoskeletal system function or dys-
function is depended upon the structure,
physiology and co-ordination of its main
components (bone - muscle - nerves -
joints). Emphasis on the normal structure,
function and interactions of these compo-
nents of the musculoskeletal System and
on the mechanisms of their response to
abnormal conditions (disease or injury) is
essential in the clinical practice.

Bone. It is well known that bone adapts
to the mechanical stimuli. Bone structu-
re (bone density, geometry, location and
orientation of the cortical and trabecular

bone) and bone function are directly rela-
ted to the surrounding components of the
locomotor system, especially muscles and
joints.

Muscles. Muscle represents a tissue that
surrounds bones and is the motor that
propels the human body, thus enabling it
to perform work. It composes 40 to 50 per-
cent of the total body weight of untrained
males and 20 to 30 percent in untrained
females. Interactions between bone and
isotonic / isometric muscle contractions as
well as the velocity of muscle contraction
etc. need further investigation.

Nerves. The central nervous system
decides when to contract the fibres of
a motor unit. This decision invokes a chain
of command consisting of a nerve action
potential, transmission at the NMJ, spread
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of an action potential from the end-plate
region of the muscle cell along its plasma
membrane and triggering of the contracti-
on process by the muscle action potential.

Joints. Articular cartilage covers the
articulating bone surfaces and serves to
transmit repetitive loads. In concert with
synovial fluid reduces joint friction to
minimal levels. When cartilage fails, the
neighbouring bone and muscles are also
affected.

The study of the interactions between
bone metabolism and muscle function
with the co-ordination of the nervous sys-
tem and joint motion is important for the
understanding of the physiology of the
musculoskeletal system and facilitate in the
management of its dysfunction.

AIM OF THE
INTERNATIONAL SOCIETY
OF MUSCULOSKELETAL
AND NEURONAL
INTERACTIONS

® The study of the interactions between
bone, muscles, neuronal function and
joints.

® The understanding of the mechanisms
of bone growth, bone disuse and bone
production.

® The development of new diagnostic
tools for the study of the musculoske-
letal system.

® The creation of new therapeutic regi-
mens for the treatment of osteoporosis
and osteoarthritis.

® The establishment of a biannual mee-
ting for the promotion of the scopes
of the society.

® The creation of a high quality internati-
onal journal addressed to all scientists
working in the field of Musculoskeletal
System and Interactions.

Editors-In-Chief

Webster S.S. Jee

Salt Lake City (U.S.A.)
webster.jee@hsc.utah.edu

George P. Lyritis
Athens (Greece)
lyritis@ismni.org
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ZPRAVY ¢ NEWS

ZIVOTNI JUBILEA
ANNIVERSARIES

MUDR. Viapimir MIKYSKA — osmdesatilety

Primaf MUDr. Vladimir MikySka, CSc.
zacal studovat medicinu v rodné slovinské
Lublani v roce 1943. Zahy okupanti, fasisticti
Italové, vysoké Skoly zavieli. Po repatriaci
znovu zacal a ukoncil studia mediciny v roce
1951 na LF UK v Praze. Totalitnim reZimem
byl delegovin na chirurgicky monoprimari-
at do Tachova. Po zikladni vojenské sluzbé
opét prikazem pracoval jako praktik v plzen-
ské Skodovce. Shodou piiznivych okolnosti
nastoupil v roce 1956 na ortopedickou kli-
niku docenta MUDr. DuSana Polivky ve FN
v Plzni. V roce 1962 ziskal misto vedouciho
Iékafe na nové vzniklém oddéleni ortopedic-
ké protetiky FN - KUNZ v Plzni. Diky ptizni-
vym persondlnim a prostorovym podminkam
byla Plzen avantgardou pfi vzniku ostatnich
krajskych oddéleni v Republice.

Tésnd spoluprice s ortopedickou klinikou byla samozifejmosti. Vénoval se novym tren-
dim v amputacni technice a operativou v ndvaznosti s protetickym vybavenim. Realizoval se
svym tymem kazdou tenkrite dostupnou novinku v protetické technice. V roce 1968 habilito-
val na kandidata véd, na téma casné protézovani amputovanych ve stehné. Aktivné se podilel
s docentem MUDr. Ivanem Hadrabou, CSc. a ostatnimi protetickymi primafi na vzniku sekce
ortopedickych protetiki a hlavné na vzniku ctyfleté Skoly pro ortopedické techniky.

Prednasel Iékaiim, medikim, sestrdm i laické vefejnosti. Spolupracoval se Svazem télesné
postizenych. Stal pfi zaloZeni Odborné spole¢nosti ortopedicko-protetické CLS J. E. Purkyné
v Praze v roce 1994 a Federace ortopedickych protetikt technickych obort (FOPTO).

Publikoval na 50 praci v oboru ortopedie a ortopedické protetiky. Jako svého ndstupce
si vychoval pana MUDr. Jifiho Hrabdka, ktery pokracuje v rozvoji oboru ortopedicka prote-
tika na pracovisti Sykora a Malik, s.r.o. v Plzni.

MUDr. Mikyska se dodnes stara o 200 mentdlné a télesné postiZenych déti a mladeze
v USP ve Zbtichu u Plzné.
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Jménem vyboru Odborné spole¢nosti ortopedicko-protetické CLS J.E. Purkyné dékuje-
me panu primafi MikySkovi za jeho celoZivotni péci o télesné postizené pacienty a za rozvoj
oboru ortopedicka protetika v Ceskoslovensku a Ceské republice.

Prim. MUDr. Jifi Hrabak

predseda Odborné spolec¢nosti ortopedicko-protetické CLS J.E. Purkyné
a

Doc. MUDr. Ivo Marik, CSc.

vedouci redaktor

Prim. MUDr. Vladimir Mikyska, CSc. s prim. MUDr. Jifim Hrabdkem. Pfi pfileZitosti 10. Kubatova
podologického dne, ktery se konal 2. dubna 2005 v Lékarském domé v Praze, byl pan primaf Mikyska
jmenovin cestnym ¢lenem Odborné spolec¢nosti ortopedicko-protetické CLS J. E. Purkyné (spole¢né
s panem primafem MUDr. Vlastislavem Mareckem a doc. MUDr. Ivanem Hadrabou, CSc.).
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ZPRAVY ¢ NEWS

ZIVOTNI JUBILEA
ANNIVERSARIES

Proresor MUDR. L. G. Farkas, DrSc., FRCSC - devadesatilety

Leto$niho roku se dozil
vyznac¢ného zivotniho jubilea -
90 let - znamy kanadsky lékar
slovenského puvodu, prof. MU-
Dr. Leslie Gabriel Farkas, DrSc.,
FRCSC. Narodil se 18. 4. 1915
v RuzZomberku na Slovensku.
V dobé détstvi - jako desetilety
- ztratil otce a zil aZ do konce
svych studii v riznych domo-
vech a pozdéji na vysokoskol-
ské koleji, odkazan pouze sim
na sebe. Medicinu studoval
v létech 1934-40 v Bratislavé,
kde téz promoval.

Po vysoké Skole nastou-
pil jako vojensky Ilékaf do
Slovenské armady, a jiz zacat-
kem druhé svétové vilky slou-
zil v prvni bojové linii v ho-
rach Kavkazu. Po astupu slovenské armady kritce pracoval v jeji polni nemocnici v mésté
Genicesk na bfezich Azovského jezera ve vychodni Ukrajin€. Koncem valky doslo na slo-
venském uzemi k bojim slovenské armady se zbytky némeckych vojsk a Dr. Farkas byl zajat.
Nisledné byl ptil roku drZen v zajateckém tidbofe v Bergen Belsen, jizné od Hamburku. Po
navratu na Slovensko kratce slouZil ve vojenské nemocnici v Ruzomberku.

K rozhodnuti o uzsi medicinské specialisaci Dr. Farkase doslo uz na podzim roku 1945.
Na zdkladé potieb cCeskoslovenské armiady a po poradé se svym strycem, jednim z poz-
dé¢jsich zakladatelt martinské 1ékafské fakulty na Slovensku docentem Tiborem Kustrou,
nastoupil na podzim jako prvni slovensky lékaf na kliniku plastické chirurgie profesora
Buriana v Praze. Zde nalezl prvni trvaly domov ve svém Zivoté€, kterému zuastal vérny aZ do
roku 1968. Brzy po druhé svétové vilce mu bylo nabidnuto 1ékaiské misto ve VarSavé, kde
mél jiz od dob svych studii mnoho pritel (hovofi dodnes plynné polsky), ale rozhodl se
zuistat v Praze.
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V roce 1958, kdy akademik FrantiSek Burian predava vedeni kliniky plastické chirurgie
a zfizuje Laboratof plastické chirurgie a zizuje Laboratof plastické chirurgie CSAV, odchazi
tamtéZ i Dr. Farkas. Klinika i Laboratof plastické chirurgie CSAV méla zdsluhu prof. Buriana
konexe se viemi svétovymi pracovisti svého oboru. Proto mél jiz v roce 1967 Dr. Farkas
povolen a pfipraven od podzimu ndsledujiciho roku jednorocni pracovni a studijni pobyt
na klinice plastické chirurgie torontské détské nemocnice (Hospital for Sick Children)
v Kanadé&. Vojenska intervence zemi VarSavské smlouvy v Ceskoslovensku v 1été roku 1968
v8ak hrozila znemoZznéni odletu, a proto Dr. Farkas volil nouzové feSeni. Jiz 21. srpna za
pomoci znidmych odcestoval do Vidné a odtud teprve nasledné v pribéhu nékolika tydnua
do Kanady. KdyZ se v roce 1969 do Ceskoslovenska nevritil, byl v nepfitomnosti odsouzen
k tfem létim odnéti svobody. Mimoto byl stazen z prodeje v CSSR zbytek nékladu jeho
knihy ,Chirurgie hypospadii“ (1949).

Prof. Farkas je i v soucasnosti jesté stile zaméstnancem Centra kraniofacidlni péce
a vyzkumu torontské détské nemocnice a oddéleni plastické chirurgie university v Toron-
tu. Ve svém véku jiz samoziejmé neoperuje, ale vytrvale zpracovava data svych minulych
vyzkumu a pilné publikuje.

V pocitcich své odborné drihy, po pfichodu na prazskou kliniku plastické chirurgie,
si Dr. Farkas jako nosné thema vyzkumu vybral studium a chirurgické feseni hypospadii
a urethroplastik. Tato problematika se v dal$ich 1étech hojné objevuje mezi jeho publikace-
mi, stejn€ jako otdzky chirurgické 1é¢by koznich nadort, chronickych viedt a dalsiho. Jiz
ve druhé poloviné padesatych let minulého stoleti se vSak v repertodru jeho chirurgickych
vykonu a publikaci objevuje i klasickd plasticko-chirurgickd problematika defekti usniho
boltce, o¢nich vicek, rti a nosu u rozstépovych pacienta aj.

Po vzniku samostatné Laboratofe plastické chirurgie CSAV se vyzkum stal hlavni naplni
¢innosti Dr. Farkase. V prvni poloviné Sedesitych let byl iniciovin nasim zptisobem dia-
gnostikovani détskych kraniosynostos pomoci kefalometrie, spravné pochopil jeji moznosti
i v plastické chirurgii a konsultoval vyuZiti této metodiky v Anthropologickém ustavu
Prirodovédecké fakulty UK. Tehdejsi prfednosta Gstavu prof. Fetter mé povéril vyZzidanou
spolupraci, a tak jsem zacal s klinikou i s Laboratofi plastické chirurgie a zejména s Dr. Far-
kasem koordinovat své vyzkumy. Od roku 1964 jsme postupné publikovali price uvedené-
ho sméru v fadé Ceskych i zahrani¢nich ¢asopist. Vlastnim vyzkumem a z¢asti za pomoci
mych diplomata jsme (podobné jako v pfipadé studia kraniosynostos na neurokraniu)
u Ceskych déti vypracovali riistové normy jednotlivych ¢asti a dimensi obliceje nejcastéji
postizenych tvarovymi a velikostnimi defekty u pacienta a cheilo-, gnatho- a palastoschisis
(jednotlivé ¢dsti nosu, rty, rima oris), a také rustové (velikostni a tvarové) normy usnich
boltct, ruky se vSemi prsty s interdigitilnimi $térbinami, zevniho muzského genitalu, aj.
Zjisténd data umoznila jednak posoudit pfed- i pooperacni stav postiZzenych organi, a jed-
nak pfisp€la k urc¢eni nevhodnéjsi doby operaci.

Za zajimavé je nutno povazovat i vysledky Dr. Farkase s nékterymi spolupracovniky
Laboratofe plast. Chirurgie CSAV, jako napf. analysu ethiopathologickych dat 1.000 pacien-
th s rozStépy rtu a pater, a dalsi.

Po trvalém piesidleni do Kanady (1969) byl Dr. Farkas pfijat do Vyzkumného ustavu
détské nemocnice v Torontu, kde pracoval jako pfednosta a dosud zde piisobi jako aktiv-
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ni ¢len. Z&asti se zde zabyval i experimentdlnim studiem chirurgického prfenosu tkdni
u zvirat. Hlavné vSak rozsitil sviij repertodr pfed- i pooperacniho tvarového a velikostniho
posouzeni ¢asti i celého lidského obliceje postizeného riiznymi vrozenymi vadami. V 1étech
1973-76 provedl normativni kefalometricky vyzkum 6-18letych zdravych kanadskych déti
a mladeze, jehoZ vysledky publikoval v roce 1981. Vedle bilého mnohonarodnostniho oby-
vatelstva Kanady vypracoval pro uZiti v oblicejové chirurgii samostatné ristové normy stej-
né starych singapurskych Cifian®l a dospélych americkych ¢ernochti. Z naméfenych a pu-
blikovanych 112 dimensi dile vypocital a publikoval 166 indext celkového obliceje i jeho
jednotlivych ¢asti véetné€ usniho boltce a také mozkovny. Tyto indexy (tj. vzijemny pomér
velikosti pfimych rozmérii) jsou duileZité pro samostatny tvar obliceje i jeho jednotlivych
¢asti ¢i usniho boltce. Metodika i vysledky tohoto vyzkumu jsou primarné publikoviany
v knize “Anthropometry of the head and face in medicine“ Elsevier North Holland ; New
York, 1981, ale i jinde.

Nepochybné zajimavé jsou i rtizné Casopisecké studie (se spolupracovniky) zabyva-
jici se atraktivitou lidského obliceje, jeho disproporcionalitou u pacientd s Apertovym,
Downovym a Treacher-Colinnsovym syndromem, a dalsi.

V roce 1981 odesel profesor Farkas do vysluzby, ale dodnes dile pokracuje ve védecké
prici. Do svych devadesitych narozenin publikoval kolen 250 védeckych praci, z toho
nékolik knih.

Profesor Farkas je silnym jedincem vziacného charakteru, ktery se svou pili a Sarmem
dokazal navazat osobni a odborné kontakty na fadé pracovist celého svéta. Jeho nejvétsi
odbornou zisluhou je kniZzni zpfistupnéni a popularisace naSeho spole¢ného projektu
vyuziti kefalometrie a kraniometrie v mediciné obecné, a v chirurgii vrozenymi vyvojovymi
vadami postiZenych zevnich ¢asti a organt lidského téla zvlasté. Je mi proto cti, Ze mohu
i touto cestou prat mnohaletému pfiteli a spolupracovnikovi do dalSich let zdravi, mnoho
sil a dal$i uspéchy v jeho tvorfivé praci ve prospéch vseho lidstva.

Prof. RNDr. Karel Hajnis$, CSc.
V Olsindch 2012, 100 00 Praha 10
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SMERNICE AUTORUM e INSTRUCTIONS FOR AUTHORS

TEMATIKA PRISPEVKU

K uvefejnéni v casopise Pohybové
astroji se prijimaji rukopisy praci z oblas-
ti pohybového ustroji clovéka, které se
tykaji predevsim funkce, fyziologického
i patologického stavu kosterniho a svalo-
vého systému na vSech arovnich pozni-
ni, diagnostickych metod, ortopedickych
a traumatologickych problémt, pfislusné
rehabilitace a lécebné i preventivni péce.
Pfedmétem zdjmu jsou tymové prace z obo-
ru détské ortopedie a osteologie, dile pro-
blémy z oboru biomechaniky, patobiome-
chaniky a bioreologie. Casopis md zijem
otiskovat ¢lanky kvalitni, vysoké odborné
arovné, které pfinaseji néco nového a jsou
zajimavé z hlediska aplikaci a nebyly dosud
nikde uverejnény s vyjimkou ve zkracené
formé.

Redakce pfijimd ptvodni price a ka-
suistiky, souborné c¢linky, které informuji
o soucasném stavu v pfislusnych oblastech
souvisicich s pohybovym astrojim a abstrak-
ty pfispévku z narodnich a mezinirodnich
konferenci, vénovanych hlavné pohybo-
vému ustroji. Pivodni priace a kasuistiky
doporucuje publikovat v anglickém jazyce.
Rukopisy jsou posuzoviny dvéma (nékdy
i tfemi) oponenty redakcni rady.

Pfispévky, uvefejnované v casopise,
jsou excerpovany v periodickych prehle-
dech EMBASE/Excerpta Medica, vydava-
nych nakladatelstvim Elsevier. Pfi vybéru
pfispévka k uvefejnéni divime pfednost
rukopistiim, zpracovanym podle jednot-
nych pozadavkd pro rukopisy, zasilané
do biomechanickych casopist - Uniform
Requirements Submitted to Biomedical
Journals (Vancouver Declaration, Brit. med.
J., 1988, 296, pp. 401-405).

UPRAVA RUKOPISU

Rukopis se piSe v textovém editoru ve
formatu doc, rtf. Na pfilozeném vytisku
vyznacte zafazeni obrazku a tabulek do
textu.

Na titulni strané uvedte nazev ¢lanku
pod nim jméno autora, pfipadné autoru,
ufedni ndzev jejich pracovisté a konecné
adresu prvniho autora. U ¢eskych rukopist
uvadéjte ndzev Clinku a pracovisté také
v angli¢tiné. Na dalsi strané uvedte strucny
souhrn (do 100 slov), ktery ma informovat
o cilech, metodach, vysledcich a zivérech
prace, doplnény prekladem do angliCtiny.
Za nim pfipojte nejvyse Sest klicovych slov
v Cestiné resp. anglictiné.

Vlastni text je u ptivodnich praci obvyk-
le rozdélen na uvod, material a metodiku,
vysledky, diskusi, zavér a pfipadné podé-
kovani. Souborné referity, diskuse, zpra-
vy z konferenci apod. jsou bez souhrnu
a jejich clenéni je dino charakterem sdé-
leni. Pfed zacitky jednotlivych odstavct
vynechavejte pét volnych mezer. Jednotlivé
odstavce by mély mit alespon Ctyfi strojové
fadky. Slova, kterd maji byt vytisténa prolo-
Zené podtrhnéte prerusovanou ¢arou nebo
uvadéjte v prolozené upravé.

TABULKY A OBRAZKY

Tabulky predklddejte kazdou na zvlast-
nim listé s pfislusnym oznacenim nahofte.
Obrazky kreslete ¢ernou tusi (fixem) na
pauzovaci papir. Fotografie musi byt profe-
siondlni kvality. Vyobrazeni se ¢isluji v po-
fadi, v jakém jdou za sebou v ndsledujim
v textu. Na levé strané rukopisu vyznacujte
jejich pfedpoklidané umisténi v tiSténém
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textu. Na zadni strané dole uvedte cislo,
jméno autora a jasné oznaceni, kde bude
horni a dolni ¢ast obrizku. Texty k obraz-
kiim se pisi na zvlastni list. U ¢eskych ruko-
pist uvadéjte texty k obrazktm i v anglicti-
né. Vitanou pomoci jsou obrazky kvalitné
naskenované (rozliSeni 300 dpi) a ulozené
jako typ TIFF File (*.tif) nebo JPEG Bitmap
File (*.jpg) na CD-R, ktery bude vriacen
autorovi, tabulky, grafy ulozené ve forma-
tech Microsoft Excell (* xIs) nebo jako vek-
torové obrazky ve formatech (*.eps, *.cdr,
pfip. Autocadové *.dwg nebo *.dxf).

LITERATURA

Seznam odkazi na literaturu se pfi-
poji v abecednim pofadi na konci textu.
Odvolani na literaturu uvadéjte ve vlastnim
textu pfislusnymi Cisly v zavorkich Q.

V seznamu citované literatury uva-
déjte udaje o knihdch v poradi: pfijmeni
a inicidly prvnich tfi autort s pfipadnym
dodatkem ,et al.“, ndzev knihy, poradi vyda-
ni, misto vyddni, nakladatel, rok vydani,
pocet stran: Frost H. M.: The Laws of Bone
Structure. 4 ed. Springfield: C.C.Thomas,
1964, 167 s.

Casopiseckou literaturu uvadéjte timto
zptisobem: pfijmeni a inicidly prvnich tii
autort (u vice autortl piSte za jménem tfe-
tiho autora et al.), nazev ¢lanku, nazev ¢aso-
pisu nebo jeho uznivani zkratka, rocnik,
rok vydani, ¢islo, strany: Sobotka Z., Mafik
I: Remodelation and Regeneration of Bone
Tissue at some Bone Dysplasias. Pohybové
astroji, 2, 1995, €. 1, s. 15-24.

Prispévky ve sbornicich (v knize) se
uvadéji v pofadi: pfijmeni a inicidly prv-
nich tif autort, nazev ¢lanku, editor, nazev
sborniku, dil, misto, nakladatelstvi a rok
vydani, strany ve sborniku (knize): Marik 1.,

Kuklik M., Brtuzek J.: Evaluation of growth
and development in bone dysplasias. In:
Hajni§ K.: ed. Growth and Ontogenetic
Development in Man. Prague: Charles
University, 1986, s. 391-403.

KOREKTURY

Redakce povazuje dodany rukopis za
konecné znéni prace. VEtsi zmény pii korek-
turdch nejsou pfipustné. Prosime abyste
peclivé zkontrolovali text, tabulky a legen-
dy k obriazkiim. Pro zkrdceni publikacni
Ihity tiskdrny je moZno pfipojit prohlasent,
Ze autor netrva na autorské korektufe.

ADRESA PRO ZASILANI
PRISPEVKU

Rukopisy zasilejte na adresu:

Doc. MUDr. Ivo Marik, Csc.
Ambulatni centrum pro vady
pohybového aparitu

Olsanska 7, 130 00 Praha 3
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Jeden vytisk ¢asopisu Pohybové ustroji
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pfispévku. Dalsi casopisy je moZno objed-
nat u vydavatele.
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SUBJECT MATTER
OF CONTRIBUTIONS

The journal Locomotor System will pub-
lish the papers from the field of locomotor
apparatus of man which are above all con-
cerned with the function, physiological
and pathological state of the skeletal and
muscular system on all levels of knowledge,
diagnostical methods, orthopaedic and
traumatological problems, rehabilitation as
well as the medical treatment and preven-
tive care of skeletal diseases. The object
of interest are interdisciplinary papers of
paediatric orthopaedics and osteology,
further object of interest are problems
of biomechanics, pathobiomechanics and
biorheology. The journal will accept the
original papers of high professional level
which were not published elsewhere with
exception of those which appeared in an
abbreviated form.

The editorial board will also accept
the review articles, case reports and abs-
tracts of contributions presented at nati-
onal and international meetings devoted
largely to locomotor system. The papers
published in the journal are excerpted in
EMBASE / Excerpta Medica.

MANUSCRIPT
REQUIREMENTS

Manuscripts should be submitted in
original (we recommend to the authors to
keep one copy for eventual corrections),
printed double-spaced on one side of the
page of size A4 with wide margins. The
contributions (including Illustrations and
Tables) has to be submitted in the well-
-known computer programs on disk.

While no maximum length of contribu-
tions is prescripted, the authors are encou-
raged to write concisely. The first page
of paper should be headed by the title
followed by the name(s) of author(s) and
his/her (their) affiliations. Furthermore,
the address of the author should be indica-
ted who is to receive correspondence and
proofs for correction. Papers are reviewed
by two (and/or three) opponents.

The second page should contain a short
abstract about 100 words followed by the
key words no more than 6. The proper text
of original paper is laid out into introdu-
ction, material and methods, results, dis-
cussion and if need be acknowledgement.
The reviews, discussions and news from
conferences are without summaries and
their lay-out depends on the character of
communication. The paragraphs should
begin five free spaces from the left margin
and contain at least four rows.

ILLUSTRATIONS AND
TABLES

Authors should supply illustrations and
tables on separate sheets but indicate the
desired location in the text. The figures
should include the relevant details and be
produced on a laser printer or professio-
nally drawn in black ink on transparent or
plain white paper. Drawings should be in
the final size required and lettering must
be clear and sufficiently large to permit the
necessary reduction of size. Photographs
must be of high professional quality. Figure
legends should be provided for all illustra-
tions on a separate page and grouped in
numerical order of appearance. On the
back of figures, their number and name of
the author should be indicated.
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REFERENCES

References must be presented in a nu-
merical style. They should be quoted in
the text in parantheses, i.e. (1), (2), (3, 4),
etc. and grouped at the end of the paper in
alphabetical order.

The references of books should con-
tain the names and initials of the first
three authors, with eventual supplement
set al“ title of book, number of edition,
place of publishing, name of publisher,
year of appearance and number of pages,
for instance: Frost H. M.: The Laws of Bone
Structure. 4. ed. Springfield: Thomas C. C,,
1964, 167 p.

The references of papers published in
journals should be arranged as follows: the
names and initials of the first three authors
(eventually after the name of the third
author introduce et al.), title of the paper,
journal name or its abbreviation, year,
volume, number and page numbers, for
instance: Sobotka Z., Mafik I.: Remodelation
and Regeneration of Bone Tissue at Some
Bone Dysplasias. Locomotor System 1995:
2,No.1:15-24.

The references of papers published in
special volumes (in a book) should be arran-
ged in the following order: names and initi-
als of the first three authors, title of paper,
editor(s), title of special volume (a book),
place of publication, publisher, year of
publication, first and last page numbers,
for instance: Mafik 1., Kuklik M., Brutizek J.:
Evaluation of growth and development in
bone dysplasias. In: Hajni§ K.: ed. Growth
and Ontogenetic Development in Man.
Prague: Charles University, 1986:391-403.

Manuscripts and contributions
should be sent to the Editor-in-
chief:

Assoc. Prof. Ivo Marik, M.D., Ph.D.
Ambulant Centre for Defects of
Locomotor Apparatus

OlSanska 7

130 00 Prague 3

Czech Republic

Phone/fax: (+420) 222 582 214
e-mail: ambul_centrum@volny.cz

One journal Locomotor System will be
supplied free of charge to the first named
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from the publishers at time of acceptance.
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HISTORIE VYZKUMU POJIVA
v CECHACH

Milan Adam
Revmatologicky ustav, Praha, CZ
E-mail: adam@revma.cz

Jiz pfed valkou potomni akademik
Wolf sledoval v elektronovém mikrosko-
pu pojivové tkiné. Koncem padesitych
let se zacal u nas rozvijet intensivni zajem
0 pojivo resp. o jeho jednotlivé komponen-
ty. V tomto ohledu to byl Milo§ Chvapil,
ktery spolu se svymi jiz zesnulymi spo-
lupracovniky Dr. Koberle, Dr. Hurychem
a Dr. Mifejovskou se vénoval vyzkumu
tvorby kolagenu na pudé Ustavu chorob
z povolani prof. Teisingera, jehoz jednim
z hlavnich vyzkumnych tkolt byla silikosa
jako vyznamna choroba z povolani v fadé
profesnich obort. Jejich prace byly svétové
velmi cenény a Chvapil byl za né€ vyzname-
nan r. 1967 Statni cenou. Zapatentoval vyro-
bu kolagenni houbicky na stavéni krvaceni
vedle dalich. V r.1968 pak pfes Mnichov
emigroval do USA, kde nyni Zije v Tucsonu
v Texasu.

Pracovnici Ustfedniho vyzkumného
ustavu potravinafského primyslu (OVUPP)
méli za vyzkumny ukol vylepSit uméla
parkova stiivka vyrdbénd v Cutisinu v Ko-
fenové resp. Jilemnici. Jejich zdjem byl
proto pochopitelné soustfedén na Kkola-
gen.. Jednalo se o pomérné velkou skupinu
vedenou pozdéji zesnulym Ing. Kotkem.
Pracovali v ni Ing. Rosmus (tragicky zesnu-
Iy v r. 1972), Ing. Simtinek, Ing. Vancikova,
Ing. Podrazky, a neddvno zesnuly potomni
prof. Ing. Zdenc€k Deyl, DrSc., ktery nasled-
né presel do Fysiologického tstavu CSAV,
kde s nim spolupracovala Milada Juficovi-
Horidkova a v poslednich letech i Doc. Mik-
$ik. Kolagenem se zabyvali dile na plas-
tické chirurgii v Brné (Doc. Samohyl,

Dr. PospisSilovd) a také v KoZedélném
astavu v Otrokovicich. (Ing. Smejkal,
Ing. Galatik). V Hradci Krilové na
Farmaceutické fakulté se vénovali stu-
diu elastinu docenti Barto§ a Ledvina se
svymi spolupracovniky Dr. Wimmerovou,
Dr.BeneSovou, Dr.Velebnym a potomnim
doc. Kantou. Hlavni ndplni skupiny v Oftal-
mologické laboratofi CSAV (Ing. Praus,
Dr. Brettschneider, Dr. Mikova. a Dr. Sulco-
va.) byla biochemie proteoglykant.

Postupné se vytvorila pomérné velka
skupina ve Vyzkumném tustavu chorob
revmatickych, jez sledovala elektronmik-
roskopicky vazbu tézkych kovii na kola-
gen za podminek in vivo, a také zjiStovala
vliv této vazby na jeho fysikdlné-chemic-
ké vlastnosti. Vysledky takto ziskané byly
podkladem pro doktorskou prici Adama.
Ke skupiné v Revmatologickém tstavu se
pozdéji pripojili nedavno zesnuly spolu-
pracovnik akademika Wichterle Ing. Stol,
ktery sledoval biotoleranci kompositu kola-
gen-polyHEMA a vynikajici HPLC odbornik
Dr. J. Macek. Do Revmatologického tstavu
zacatkem 90.let presel z Ustavu makromo-
lekulirni chemie CSAV vyborny chromato-
grafista Ing.vSpacek, ktery vypracoval jako
jeden z prvnich na svét¢ HPLC metodu
stanoveni pyridinolind a nisledné pento-
sidinu.

V roce 1969 popsali Ted Miller a Ma-
tukas z university v Birminghamu v Alaba-
mé existenci kolagenu typu II v hyalinni
chrupavce a niasledné Adam s Deylem zjis-
tili, Ze pfi osteoartritidé dochazi ke zméné
exprese genu kodujiciho syntézu kolagenu
II a v OA hyalinni chrupavce se pak tvofi
kolageny typu I a III. Kromé€ toho Adam ve
spolupraci s Deylem sledoval zmény syn-
tézy kolagenu béhem starnuti a za patolo-
gickych stavil. Tyto priace byly odménény
Statni cenou.
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Pracovnici UVUPP zorganizovali v Har-
rachové 1962 prvé pojivové symposium. Ta
se nasledné pak konala vice méné pravidel-
né kazdy rok. Dalsi symposium r. 1963 uspo-
fadali ve Velkych Karlovicich pracovnici
otrokovického tustavu., kterého se zacast-
nila fada badatelt ze zahraniCi - z USA,
Japonska, NSR, Francie,Velké Britanie. Na
jafe 1964 se konalo dalsi setkini Ceskych
pojivara tentokrate na Hluboké n.Vitavou
opét se zahraniCni acasti. V r. 1967 pojivati
se sesli v Treboni. Nasledujici l1éta pak se
schizivali kazdoro¢né na riznych mistech.
desatych letech byli c¢asto na dlouhodo-
bych stazich na zahrani¢nich pracovistich
- Milo$ Chvapil , Roman Praus, dile pak
Jan Rosmus a Zdenék Deyl v USA, tam
pobyvali dlouhodobé i Miroslav Ledvina
a Ivo Brettschneider, ktery kromé toho
byl dlouhodobé i v Indii a AlZiru. V SRN
byli na dlouhodobé staZi Hurych a Adam,
ktery opétovné pracoval v Max Planck
Institut fiir Eiweissforschung v Mnichové
a také v M.PL fiir Biochemie v Martinsri-
edu u Mnichova. Zeno Simtnek pobyval
v Anglii. Velebny byl na dlouhodobém stu-
dijnim pobytu v Pafizi. Dal$i spolupracov-
nici z VOCHRu byli na kratich studijnich
pobytech, které se konaly v SSSR (Miterova,
Pesakova, Adam), ve Velké Britanii (Adam),
ve Finsku (Stol, Novotna, Hulejova, Tesarova,
Pesdkova, Krajickovd, Adam), ve Francii
(Adam, Miterov4, Stol), Japonsko (Adam),
v Madarsku (Krajickova, Adam) .

Odborna ¢innost ceskych pojivaia byla
zndma z publikaci v zahrani¢nich Zurni-
lech a také z ucasti na odbornych konferen-
povéreni usporadat v r. 1980 (za predsed-
nictvi Adama s jednatelem Deylem) v Praze
celoevropské symposium pojiva za ucasti
cca 500 pojivaia z celé Evropy i ze zdmofi.

Na ném byla zaloZena FECTS (Federation
of European Connective Tissue Societies)
pfijetim jejich stanov na slavnostnim zase-
dani v aule Karolina. Odbornd zasedini
probihala v posluchirnich CVUT v Praze-
-Dejvicich. Tzv. Wellcome Party se kona-
la v Rytifském sile Valdstejnského palice
a slavnostni vecefe v hotelu Internacional.
Odborna i spolecenskd stranka (Beer
party) prazského zasedani byly vysoce hod-
noceny a dodnes jeho ucastnici jej pova-
Zuji za jedno z nejzdafilejSich a rddi na né¢j
vzpominaji.

Nutno konstatovat, Ze az do sametové
revoluce c¢innost pojivaia se odehravala
v sekci pojiva, jeZ byla soucasti Spole¢nosti
pro klinickou biochemii. Teprve po r.1989
byla vzhledem k novym politickym pom¢-
ram umoznéna jeji samostatnd cinnost
pod nazvem ,Spolecnost pro vyzkum a vy-
uziti pojivovych tkdni“. Se Spolecnosti
spolupracovala fa. ORLING s.r.0., jeZ pro-
dukuje Geladrink obsahujici kolagenni
hydolysat a je nutraceutikem pro nemoci
pojiva najmé osteoartritidu a osteoporosu.
V uz8im vyboru Spolecnosti od pocitku
byli Prof. Adam jako pfedseda, doc. Macek
a doc. Brettschneider coby mistopfedsedo-
vé€, Dr. Zajicek jako jednatel a o finance se
starala Ing. Mala.

Tato Spolec¢nost potom porddala sym-
posia zaméfend prevazné na patologické
zmény pojiva resp. na jejich terapii. Prva
konference se zabyvala osteoporosou a ko-
nala se za ucasti vice nezli 600 posluchact
v Paldci kultury a v dobé jeho rekonstrukce
pak konference probihaly v kongresovém
silu hotelu Ambasador, kde se pak poradaly
i nadale. Zucastiiovalo se jich nékolik set
posluchact a kromé ceskych odbornikt na
nich pfednaseli i pracovnici z ciziny - z Né-
mecka, Francie, Italie, Madarska, Polska
a Svycarska. Kromé konferenci o ucasti
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nckolika set posluchact velkych zasedi-
ni Spolecnost poradala i mensi zasedini
s presentaci vlastnich vysledki jednotli-
vych autoru. Ty se tykaly vétSinou zaklad-
nich zmén pojiva a konavaly se v posluchair-
né Policejniho musea obvykle také jednou
ro¢né. Zucastiiovalo se jich kolem 100
posluchacti. Ivo Mafik spolu s genetikem
Kuklikem na téchto konferencich presento-
vali svd pozorovani vrozenych vad pohybo-
vé soustavy. Hulejova spolu s Rihogkovou
sledovaly hladiny cytokint a metaloprotei-
nas v séru nemocnych revmatickymi cho-
robami. Kromé toho Rihoskové-Baresova
v ramci své disertac¢ni doktorské priace se
zabyvala kodovanim chrupavkového kola-
genu II v kloubech pacientd postiZzenych
osteoartritidou.

V poslednich letech pracovnici RU se
ucastni sledovani biokompatibility materia-
14 vyvinutych v tstavech AV CR eventuelné
CVUT (Prof. Petrtyl, ing Balik). Pesakova
pfi tom zjiStuje vliv téchto materidld na
adhesivni proteiny. Braun se vénuje vysky-
tu pentosidinu u diabetikii a u nemocnych
s pokrocilou osteoartritidou a revmatoid-
ni artritidou. Kromé toho jej stanovuje
i u cernych mysi (Black mice C 57/6), které
spontinné vyvijeji osteoartritidu. Ziroveil
sleduje vliv podiavini C vitaminu resp.
Boswellinu, coz je extrakt z kiiry stromu
Boswellia serrata rostouciho v Indii na
rozvoj patologickych zmén u uvedenych
mySek.

Mij cas se nachylil a tak jsem Stafetu
v porddini pojivovych konferenci predal
Ivo Marikovi a ja jemu i jeho spolupracovni-
kiim pfeji v této ¢innosti mnoho uspéchu.

SPONDYLOCARPOTARSAL
SYNOSTOSIS SYNDROME

Kazimierz Kozlowski

The Children s Hospital, Wesmead NSW 2145,
Sydney

E-mail: KazimieK@chw.edu.au

Spondylocarpotarsal SYnostosis
syndrome (SSS) - a rarely recognised entity
- is characterised by malsegmentation of
the spine and carpal/tarsal fusions. SSS is
an autosomal recessive disorder with loca-
tion of the gene in chromosome 3p14.

The main reason for its rarity is that
radiographs of the hands and feet are not
routinely performed in children with sco-
liosis and/or kyphoscoliosis, and fusion of
the carpal/tarsal bones may not be evident
in preschool children.

We report three patients with spon-
dylo-carpal/tarsal syndrome in whom the
diagnosis was not made until radiographs
of the hands were performed.

Congenital scoliosis - a common abnor-
mality - is usually due to malsegmentation
and/or malformation of the spine. It occurs
as an isolated anomaly or as a major compo-
nent of a syndromic association. The latter
includes spondylocostal dysplasia (SCD),
spondylothoraacic dysplasia (STD), ischio-
-vertebral dysplasia (IVD), cerebrofaciotho-
racic dysplasia (CFTD), Robinow syndrome
(RS), and other rare private syndromes.
Scoliosis develops usually later in life and
is less severe than in SSS.

In SSS scoliosis is malignantly progressi-
ve early in life and steadily during the grow-
th. SSS should be suspected in children of
short stature due to congenital progressive
scoliosis. This probability is enhanced if
a unilateral, bilateral or rarely posterior
unsegmented bar is present. Rib abnorma-
lities in SSS are not primary but secondary
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to scoliosis. Therefore the ribs are less
affected in SSS than in SCD, STD, IVD, CFTD
and RS. Fusion of the ribs is not a feature of
SSS. There are usually 12 slightly deformed
and dysplastic ribs. Uncharacteristic slight-
ly dysmorphic face, cleft palate and hearing
defects may be present.

Radiographs of the hands and feet
establish the diagnosis.

Key words: Spondylocarpotarsal
synostosis syndrome

Fig. 2. Left foot. Multiple fusions - talo-calcanear,
talo-navicular, naviculo-calcanear.

Fig. 1. Left Hand. Synostosis between capitate- Fig. 3. 3D reconstruction. Scoliosis convex to

-hamate and trapezium-trapezoideum the right. Note unsegmented spinal bar T7-T11.
Slightly hypoplastic/dysplastic ribs. Block verte-
brae T4/T5 and T6-T10.
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OSTEOLYTICKE SYNDROMY

Ivo MafikV, Alena Mafikova?, Emilie Hynkova®,

Kazimierz Kozlowski?

D Ambulantni centrum pro vady pohybového
aparatu, OlSanska 7, 130 00 Praha 3, CZ,
e-mail: ambul_centrum@volny.cz

2 The Children’s Hospital, Wesmead NSW 2145,
Sydney,
e-mail: KazimieK@chw.edu.au

Osteolytické syndromy jsou uvedeny
v Mezinarodni nosologii a klasifikaci konsti-
tucnich kostnich chorob z roku 2001 mezi
osteochondrodysplaziemi jako 32. skupina.
Jedna se o zfidka se vyskytujici nozologické
jednotky, které se podle lokalizace postiZzeni
déli na: 1. multicentrické s postizenim rukou
a nohou (Multicentricka karpotarsilni oste-
olyza s nebo bez nefropathie, Winchesterav
a Torguv syndrom), 2. postihujici distalni
falangy (Hajdu-Cheney syndrom a Mandibu-
loakralni syndrom) a 3. s postiZenim diafyz
a metafyz (Familidlni expansivni osteolyza,
Juvenilni hyalinni fibromatéza - zahrnuje
Systémovou juvenilni hyalin6zu).

Autofi prezentuji klinicko-radiologic-
kou symptomatologii 3 osteolytickych syn-
dromu. Hajdu Cheney syndrom (HCHSY),
ktery se vyskytuje jiz ve 4. generaci, pfe-
dek pochizel z Arménie. U vySetfenych 2
dospélych a 1 ditéte byly zjistény typické
pfiznaky - falangedlni akroosteolyza rukou
a nohou, dolichocefalicka lebka s bazilarni
impresi a mnohocetnymi wormianskymi
ktistkami, u dospélych se prokazaly kom-
presivni fraktury a osteopordza bederni
patefe pfi denzitometrickém vySetfenim.
U chlapce byla verifikovina spondylolis-
téza L5/S1. Jako dal$i raritni diagnoza je
demonstrovana Familidalni expansivni
osteolyza (FEO) s rozsihlym postizenim
skeletu koncetin a lebky s klinickymi pro-
jevy jiz v détstvi - prvni zlomeninu femuru

divka utrpéla v 5 letech pfi uklouznuti
doma. Jedna se o izolovany pfipad v rodiné.
Dfenova expanze koncetinového skeletu se
manifestovala po porodu syna ve 21 letech,
vznikly deformity femurti tvaru pastyfské
hole. Pozdé&ji po korek¢ni osteotomii obou
femurt (ve 24 a 28 letech) se vyvinulo ven-
tralni zakfiveni obou humeru, patologicka
fraktura levého humeru a biomechanicky
zavazna deformita tibie. Od 28 let je vozic-
karka. Kostni zmény a expanze v okcipital-
ni krajiné€ vedly v 38 letech k zvétSeni obvo-
du hlavy a jsou suspektni z osteosarkomu.
FEO byla na svété prokiazina pouze ve 3
ruznych rodinach, malé rodiné v Némecku
a v USA a velké rodiné v Irsku (postizeno
40 ¢lent) a u 2 nepfibuznych Americana.
Onemocnéni je charakterizovino casnou
poruchou sluchu, bolestmi deformovanych
kosti a postizenim chrupu. U na$i pacient-
ky ve véku 43 let dosud nebyla zjisténa
porucha sluchu ani dentice. Thevenardiiv
syndrom (Akrodystrofickd neuropatie,
poprvé byla popsina v roce 1942) byl dia-
gnostikovin u dvou sourozenct, jde prav-
dépodobné o autosomilné dominantni
pfenos od matky. Choroba se manifestovala
na dolnich koncetinich jako akroosteolyza
s destrukci metatarsofalangedlnich klou-
ba. U mlads$iho sourozence (Zeny) vznikla
chronickd osteomyelitida pravé nohy s na-
slednou destrukci hlezenniho kloubu, jez
byla feSena amputaci v horni 1/3 bérce ve
25 letech. Analogické postizeni levé nohy
vedlo k amputaci ve 32 letech. Je vybavena
protézami podkolenniho typu, obtiZe s DK
jiz nemd, ale pred rokem byla u ni diagnos-
tikoviana roztrouSena skler6za. U starSiho
sourozence (muze) se choroba projevila
ve 34 letech patologickou frakturou krckua
2.-4. metatarsu levé nohy, hojici se hyper-
trofickymi svalky, postupnym zarakvenim
metatarsii, vyvojem osteolyzy na bazi 1.
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metatarsu a masivnim svalkem s vyvojem
RTG obrazu ,kost v kosti“. Vyvoj patologic-
kych zmén levé nohy je nebolestivy, noha je
teplejsi, zaCervenald, potiva.

Pro demonstrované osteolytické syn-
dromy je typicky signifikantné zvySeny
kostni obrat, opakované jsme prokadzali zvy-
Seni markera osteosyntézy a osteoresorp-
ce u vSech demonstrovanych probandu.
Osteoporoza byla prokizina denzitome-
trickym vySetfenim u dospélych pacien-
ta s HChSy, u chlapce (12 let) byla BMD
bederni pdtefe na dolni hranici normy pro
dany kalendafni v€k a pohlavi. Pacientka
s FEO méla BMD bederni patefe nad nor-
mou referencni skupiny Zen ve véku 20-40
let. U pacientky Thevenardovym syndro-
mem byla BMD bederni patefe v mezich
normy jak pro dany vék, tak dle krité-
rii WHO. BMD proximalnich femura byla
vzhledem k véku a vize na hranici mezi
pismem normy a osteopenie.

U FEO byla zjisténa molekuldrni patolo-
gie genu lokalizovaného na 18q22.1. Mutace
v TNFRSF11A genu vede ke konstitutivni
aktivaci peptidu RANK (receptor activator
of NF-kappa B), ktery je podstatny pro
osteoklastogenezi. Stejna mutace byla zjis-
téna u familiarni formy Pagetovy choroby
s Casnym zaciatkem a expansivni skeletdlni
hyperphosphatasii.

Léceni zustava symptomatické, u vSech
pacientl jsme zavedli monitorovanou lécbu
alendronitem v davkach doporucovanych
pro Pagetovu chorobu (3x tydné 70 mg).
U pacientky s FEO plinujeme korekcni
osteotomii levé tibie zajiSténou nitrodfe-
novym hfebem s cilem jeji vertikalizace.
K stabilizaci levého bérce uZziva pfi posta-
vovani ortézu. Pacient s Thevenardovym
syndromem je vybaven specidlnimi vlozka-
mi do bot a ortopedickou obuvi, progn6za
postiZeni levé nohy je nejista.

Key words: Thevenard syndrome,
Hajdu-Cheney syndrome, Familial expansile
osteolysis
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NEKTERE NOVE ASPEKTY
HISTOLOGIE A PATOMORFOLOGIE
KLOUBNI CHRUPAVKY

Ctibor Povysil
Patologicko-anatomicky ustav, 1. LF UK, Praha, CZ
E-mail: avach@If1.cuni.cz

Histopatologicka studie ukdzala na pfi-
tomnost aktin pozitivnich chondrocytt
v povrchovych vrstvich normalni kloubni
chrupavky a v riiznych vrstvach chrupavky
patologicky zménéné, konkrétné v artrotic-
kych kloubech, posttraumatickych kloub-
nich defektech i v pfipadé transplantace
kultury autolognich chondrocyti. Tyto
nalezy ukazuji, Ze skutecné existuji chru-
pavkové bunky s neobvyklym fenotypem,
pro které autor navrhl oznaceni myochon-
drocyty. Nelze vyloucit, Ze se jednd o ele-
menty blizké bunkim prekurzorovym,
kter€ hraji zasadni roli pfi hojivych pocho-
dech probihajicich v kloubni chrupavce.

Klicova slova: kloubni chrupavka,
myochondrocyty, prekurzorové buiiky

KVALITA KOSTI A JEJI OVLIVNENI
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Petr Broulik

IIL. Interni klinika 1. LF UK Praha
petr.broulik@If1.cuni.cz

HYPERHOMOCYSTEINEMIA AND
ITS DIAGNOSTIC SIGNIFICANCE IN
BONE DISORDERS

J. Hyanek, I. Mafik, V. Matoska, H. Pejznochova,

E. Hyankov4, L. Dubskd, H. Jencova, V. Martinikovi,
V. Hildebrandova,

Dept. Clin. Biochemistry - Metabolic Unit, Dept.
Molecular Genetics Hospital Homolka, Prague,
Czech Republic,

e-mail: Josef.Hyanek@homolka.cz

Ambulant Centre for Defects of Locomotor
Apparatus, Prague 3, Czech Republic,

e-mail: ambul_centrum@volny.cz

Clinical picture of classical homocys-
tinuria is characterized by skeletal, ocular,
vascular abnormalities and mental retarda-
tion. To the most striking changes belong
dolichostenomelia, arachnodactylia, osteo-
porosis, biconcave “fish” vertebrae, scolio-
sis, etc. Similar changes on skeletal bones
are evident also in hyperhomocysteinemias
(HHC) originated from different reasons.

The toxic effect of increased levels
of homocysteine (Hcy) on the premature
development not only on vascular wall
with thickening of intima media in small
arteries leading to premature coronary or
periphery artery diseases. The toxic effect
of elevated Hcy on the early development
of connective tissue disorders has been
proved also on collagen and elastin synthe-
sis respectively on cross-linking of primary
structures of collagen. Elevated Hcy inter-
feres by its very active-SH groups with the
normal crosslinking of collagen mediated
by aldehydic groups. Since crosslinking
of elastin is also mediated by aldehydic
groups- this action of elevated Hcy might
interfere with elastin structure, too. The 4
conference about Hyperhomocysteinemia
held in Saarbrucken 2005 devoted one
symposium to topic of HHC and osteopo-
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rosis and Hcy was not accepted as specific
risk factor for osteoporotic fractures, only
as common marker of disturbed metabo-
lism of methionine and its related critical
vitamins. Vitamin B-12 and folates are cri-
tical especially for elderly and can accent
HHC present in other degenerative status,
renal insufficiency, etc.

Molecular and metabolic events are still
controversial. S-adenosyl- homocysteine as
precursor of Hcy is one of the possible
mechanisms of toxicity as potent inhibi-
tor of hundreds of methyltransferases and
so important inhibitor of methylation not
only of genomic DNA but also of neurot-
ransmiters, phospholipids, etc. The aim
of our present study was to assess the
possible role of mHHC in children patients
suffering from different bone disorders.
The most evident increase was observed in
different types of osteoporosis in young as
well as in adults with osteoporotic fractu-
res. Case reports of typical patients, their
treatment, metabolic and radioclinical fin-
dings are discussed in details.

Key words: hyperhomocysteinemia,
bone disorders
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PAGETOVA CHROBA - MYSTERIA
A PRAVDY

J. Kolar
Radiodiagnosticka klinika IPVZ a 1. LF UK FNB Praha

Morbus Paget (ostitis deformans, OD) je
zanétliva kostni choroba virového ptivodu,
majici plizivy prabéh, patfici mezi ,slow-
-virus disseases“. Okamzik infekce nelze

stanovit, potvrzen je vSak i pfenos diapla-
centdrni. Nové poznatky RANK/RANKL/
OPG biologie v poslednich 8 letech vedly
k objasnéni biologické aktivity téchto
molekul i u extrémné vzicnych dédi¢nych
chorob. Napf. u familidrni formy Pagetovy
choroby s casnym zacdtkem, diagnos-
tikované v Japonsku, byla identifikovina
27-bp duplikace v genu kodujicim RANK
(TNFRSF11A), ktera vyvolava jeho aktivaci
a tim zrychluje osteoresorpci (Hughes et
al. 2000). Homozygotni kompletni delece
genu kodujicitho OPG (TNFRSF11B) byla
dokumentovana jako prvni molekularni
vysvétleni idiopatické hyperphosphata-
sie, nazyvané juvenilni Pagetova choroba
(Whyte et al. 2002).

Epidemiologicky je potvrzen zvySeny
vyskyt OD u Anglosastt a to i v oblastech,
které kolonizovali (Australie, Novy Zéland,
vychodni pobrezi USA). U Skandindvcu,
Africanu a Asiatt je vyskyt fidky.

OD byvanespravné oznacovanazanemoc
vyssiho véku, coz navozuje mylny dojem, Ze
az v ném zacind. Ve skute¢nosti se vSak
klinicky manifestuje lokdini osteoporozou,
kterd zacind uz ve 2. deceniju. S rostoucim
veékem frekvence roste, takze v 9. deceniu
dosahuje az 10 % vyskytu v populaci.

Choroba md 3 vyvojova stadia kostnich
zmén: osteoporotické, nepravidelné porotic-
ko-sklerotickd prestavba, konecné pokroci-
lé sklerotické stadium s deformacemi.

K pestrosti rentgenového obrazu pfi-
spiva, Ze v téZe kosti mohou soubézné pro-
bihat vSechna 3 stadia, tedy kromé konec-
ného, nova pocatecni v sousedstvi. Nemoc
muze v dals$im pribéhu nové postihovat
i dalsi kosti do té doby rentgenologicky
yzdravé“. O rozsahu postiZeni skeletu nej-
pfesnéji informuje kostni scintigrafie.
Rentgenové snimkouvdni k orientaci je bez-
ucelné a radiacné zatéZujici.
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Hlavnimi projevy OD jsou kostni boles-
ti, vyvolané znacnym prekrvenim, defor-
mace kosti (zakfiveni, zvétseni objemu)
a patologické zlomeniny. Prokazatelné
je vySsi riziko vyvoje malignich kostnich
novotvart (podporované vaskularizaci)
a soucasné je i vy$si tendence k uklddani
metastiz malignich nadoru v kostech s OD.
K potvrzeni Paget - sarkomu je proto
nezbytna biopsie!

Kauzilni lécba OD neexistuje.
Symptomaticky lze tlumit kostni bolesti
difosfondty, kalcitoninem, fluorovymi

preparity. Vzicné se nemoc zastavi sama.
Pacienty je vhodné dispenzarizovat ve stfe-
discich pro kostni nadory a pravidelné kon-
trolovat. Operacni lécba deformit nemiva
dlouhodoby uspéch, protoze kosti jsou pri-
li$ poddajné.

Sdéleni je bohaté dokumentovino rent-
genovymi obrazy Pagetovy choroby v ruz-
nych vyvojovych stadiich a lokalizacich.

Klicova slova: Pagetova choroba, osti-
tis deformans, etiopatogeneze, rentgenova
diagnostika
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Syndrom  bazocelulirniho  névu
(SyBN) byl v plném rozsahu popsin popr-
vé Gorlinem a Goltzem v r. 1960. SyBN
se vyznacuje typickou facies s rozSifenou
kalvou, antropometrickymi a antropoge-
netickymi znaky a je spojen s malignitami.
Patologické zmény postihuji o¢ni, kosterni,
kozni, nervové ustroji, zejména centrilni
nervovy systém a endokrinni soustavu. Jako
hlavni se popisuji kraniofacidlni abnormality
(klenuté celo, Siroky kofen nosu, vyrazné
nadoc¢nicové oblouky, husté casto srostlé
obodi, mirny hypertelorismus, prognathie,
hyperpneumatizace paranasdlnich sinust,
kostni pfemosténi sella turcica, odontogenni
keratocysty celisti, pokfivené nebo kariesni
zuby). Typické jsou kratké metakarpy zvlasté
4. Dile se prokazuji synostozy nebo ¢astecné
chybéni zZeber, skoliéza, izkd ramena, anoma-
lie hrudnich nebo kr¢nich obratli. Na kuzi
krku, hornich koncetin, trupu a obliceje se
objevuji nevoidni bazoceluldrni karcinomy,
epidermdlni cysty, milia na obliceji. ZjiStuji
se ektopické kalcifikace falx cerebri a ce-
rebelli, petroklinoidnich ligament, v tvrdé
a m€kké plené a chorioidnim plexu. Nékdy
vznikaji kalcifikované fibromy ovarii.

V minulosti jsme referovali o lokalizaci
genu na dlouhém raménku chromozomu 9
(99). Bylo vylouc¢eno nékolik lokusti a moz-
nych kandidatskych regionti: APO-B, D8S88,
D 17830, D175250, D215120, D21S156,
D21S167. Gen byl nejdfive zafazen pomoci
vazebné analyzy a pak lokalizovin na 9q23.1-
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-q31. Nejpravdépodobnéjsi funkci tohoto
genu je suprese tumorl. SyBN je autoso-
malné dominantni onemocnéni, které vyka-
zuje vysoky stupefl penetrance s variabilni
expresivitou. U pfipadl vzniklych jako cCers-
tvé mutace se popisuje vyssi vék otca.

Soubor pacientii

Zachytili a popsali jsme 10 rodin s bazo-
celulirnim névem, celkem 23 nemocnych
osob, z toho 20 Zijicich. 50 % naSich pacien-
t mélo prvé projevy v orofacidlni oblasti,
stejny pocet mél kalcifikace falx cerebri.

Hlavnim projevem byly mnohocetné
bazoceluldrni karcinomy obliceje, krku
a hornich casti trupu. VétSina sympto-
mu byla variabilni a zahrnuje recidivuji-
ci keratocysty celisti (recidivy keratocyst
se objevuji v literatuie ve 40 % a v 50 %
u naSich pacientl), Casto vyzaduji chirur-
gicky zdkrok. Ze skeletilnich malformaci
jsou rozsifeny fiize Zeber a dale jsou velmi
charakteristické palmdrni a plantdrni
dyskeratozy - jizvicky, dilky (pits). Tyto
dyskerat6zy jsme pozorovali u 60 % nasich
pacient(l, avSak jejich manifestace muzZe
v pribc€hu Zivota vzruastat. Kryptorchismus
byl zaznamendn u 1/3 pacientt.

Pocetné skeletdlni anomalie jsme zjistili
klinickym anebo radiologickym vySetfe-
nim, a to: anomdlie Zeber vcetné€ jejich
bifurkaci, rozstéptli, synostdz, parciilnich
agenezi, vyskytu rudimentarnich krénich
Zeber. U pacientll se vesmés vyskytuje sko-
liéza. Fuze né€kolika krénich nebo nékolika
hrudnich obratlii predstavuje specifickou
formu Klippelovy - Feilovy sekvence v ram-
ci tohoto syndromu (sekvence ¢i asociace).
Na bazocelulirni névus je proto nutno
pomyslet v ramci diferencidlni diagnostiky
stavi provizejicich Klippelovu - Feilovu
sekvenci nebo i u izolovaného vyskytu

Klippelovy Feilovy sekvence, kdy je nutno
patrat po event. dal§i symptomatologii.

Konstantné jsme pozorovali premosténi
selly, lamellarniho typu, kdy je rozsah zmén
rozhodné zavisly na véku. Spina bifida
s enuresis nocturna byla diagnostikovana
v détském véku. Na rukou byla pozorovana
arachnodaktylie, kRrdtky cturty metakarp,
cysty falang, defekt medidini cdsti klaviku-
ly, pectus excavatum ci carinatum.

Z dale uvadéné zvysSené frekvence
malignit jsme zaznamenali nasledujici:
medulloblastom a sarkom, ovarialni karci-
nom a meningiom. U v8ech Zenskych paci-
entQl byly ultrasonografickym vySetfenim
prokazany cysty ovarii a laparoskopicky
ovaridlni fibromy. Z dalSich tumort byly
diagnostikovany srde¢ni nadory, leiomyo-
my a hamartomy.

Genealogické nalezy

Rodina 1: Probandem byla Zena s bazoce-
lulirnim névem, kde zdroveil byla zaname-
nana koincidence s diabetes mellitus typ 1.
Jeji matka a babicka z této matefské strany
byly postiZeny téZ a u v§ech osob byla zazna-
mendna koincidence s diabetes mellitus 1.
typu. Jednd se tedy o tfi pfipady s pfenosem
od mutacni udalosti ve 3 generacich.

Rodina 2: Cerstva mutace, Zena, izolovany
vyskyt v rodin€. Teoreticky mozno predpo-
kladat gonadalni mozaicismus u jeji matky,
coz je krajn€ nepravdépodobné.

Rodina 3: Tfigenera¢ni pfenos od mutac-
ni udilosti a celkem 4 nemocné osoby v ro-
ding, tj. probandka a jeji bratr, jejich matka
a matka matky.

Rodina 4: Probandka - Zena, jeji sestra
a matka jsou postizeny. Zaznamendn dvou-
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generacni prenos od muta¢ni udilosti, cel-
kem 3 nemocné osoby.

Rodina 5: Muzsky proband, jeho sestra
a jeho otec jsou téZ postiZzeni. Zaznamendin
opét dvougeneracni prenos od mutacni
udilosti, celkem 3 nemocné osoby.

Rodina 6: Zenski probandka, Cerstva
mutace v rodin€ a v rodokmenu, teoreticky
mozno predpokladat gonadilni mozaicis-
mus u jeji matky, coz je krajné nepravdé-
podobné.

Rodina 7: Zenskd probandka, cerstva
mutace v rodiné a v rodokmenu, stejné
jako v predchozi rodiné mozno predpokld-
dat gonaddlni mozaicismus u jeji matky.

Rodina 8: Zenskd probandka, jeji matka
a matka jeji matky jsou postiZeny, jedna se
o tfigeneracni pfenos od mutacni udalosti.
Tfi nemocné Zeny v rodiné.

Rodina 9: Zenskd probandka a jeji dvé
dcery z ruznych manzelstvi byly téZ posti-
Zeny syndromem bazocelulirniho névu.
Celkem 3 nemocné, dvougeneracni pienos.

Rodina 10: Zenski probandka, cerstva
mutace nebo gonadilni mozaismus ze stra-
ny jeji matky.

Zavér

Autofi podivaji zkuSenosti se soubo-
rem 23 nemocnych se SyBN. V souboru
byla zjisténa predilekce Zenského pohlavi -
20 nemocnych Zen a 3 nemocni muzi, coz
je u autozomilné¢ dominantniho pfenosu
neobvykl€. Je mozné, Ze tento jev je zpliso-
ben chybou malych c¢isel. V rodokmenech
se jedna ve 4 pripadech o Cerstvou muta-

ci v roding, v 6 rodinich byl zaznamenan
geneticky prenos pfes zarodec¢nou linii od
relativné nediavné mutacni udalosti pred
dvéma nebo tfemi generacemi. Pfenos ve 3
generacich byl zaznamenan 3x, dvougene-
ra¢ni prenos byl zjistén 3x.

U vSech izolovanych cerstvych mutaci
se jednalo o nemocné Zeny, v rodokme-
novych vicecetnych prenosech byl pouze
v jednom pfipadé zakladatelem nemocné-
ho rodu muz.

Klic¢ova slova: syndrom bazocelularni-
ho névu Gorlin - Goltztim syndrom

PALEOPATOLOGIE NADORU

Eugen Strouhal®, Alena Némeckovi?

D Ustav déjin lékatstvi a cizich jazykd 1. LF UK Praha
E-mail: eugen.strouhal@If1.cuni.cz

2 Ustav histologie a embryologie LF UK Plzeii

Problematikou existence nddort, pre-
devsim zhoubnych, v minulosti se zabyva-
me systematicky od roku 1992 (do roku
1998 spolu s radiologem L. Vyhninkem)
podnes. Patii do sféry paleopatologie,
moderniho oboru konstituovaného v roce
1973, ktery se zabyvd nemocemi diavnych
lidskych i zvifecich populaci. Mimo zminky
v historickych pramenech spociva prede-
v8im na pfimém svédectvi, zachyceném
v kostni tkdni, zcela vyjimecné v mumifiko-
vanych mékkych tkanich.

Cilem vyzkumu je shromdzdit rozpty-
lené paleopatologické doklady jednak
z dobfe dokumentovanych pfipadua v lite-
ratufe, jednak vyhledavanim pfipadl z no-
vych kostrovych sérii z archeologickych
vyzkumi nebo z muzejnich sbirek, a na
jejich zdkladé ziskat poznatky o historic-
kém vyvoji frekvence zhoubnych nidoru.
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Sbirime pfipady ze Starého svéta s dura-
zem na tfi modelové oblasti - stary Egypt
(dnesni Egypt a severni Sudidn), stiedni
Evropu a Velkou Britanii.

Metodicky vedle makroskopického a ra-
diologického vySetfeni, které maji dlouhou
tradici, pouzivime mikroskopicky rozbor
vzorku z jednotlivych pfipada pomoci kla-
sické svételné histologie s vyuZitim polosil-
nych fezi, fddkovaci elektronové mikrosko-
pie (SEM) a nejnovéji i laserové konfokalni
rastrovaci mikroskopie.

Priklady vysledka pro toto sdéleni
pochazeji z rliznych mist a obdobi Starého
Egypta. Prvni se tykd 40-50 letého muZze
z hrobu § 151 na zdpadnim pohfebisti pod
pyramidami v Gize (4.-5.dynastie, 2600-
2400 pi.n.l.). Zachovala se pouze lebni klen-
ba, na jejimz temeni se nalézd rozsihly
polycyklicky otvor, jevici zndmky osteolytic-
kého procesu. Ten je patrny v diploe, misty
se slabou vitdlni reakci, misty sekundarné
naruSené. Podle histologického vySetfeni
jde o metastizu karcinomu nebo prinik
nékterého z agresivnich intrakranialnich
tumoru. Osteolytické metastizy karcinomu
patfiive starém Egypté k nejcastéjSim nale-
zam zhoubnych nadort.

Druhy pfipad pochdzi z pohfebisté
v okoli chrimu v Semné v nejsevernéjsi
Casti sudanské Nubie. Postihl 35-45 letou
Zenu z hrobu M071 z kiestanského obdobi
Nubie (6.-11.stol.n.l.) Axidlni skelet, ska-
pula, klavikula a proximdlni konce hume-
ri i femur® jsou prostoupeny drobnymi
otvirky do 2 mm v priméru. Jeden z hrud-
nich obratld potvrdil histologicky diagné-
zu mnohotného myelomu, pfipadné€ jiného
niadoru hematopoetické tkiné€, spiSe nez
metastdzu karcinomu.

Treti pfipad pochdzi z pohfebisté
Nové fise v Sakkdre, hrobky Maje a Me-
rejety, ze Sachty datované do Pozdni az

Ptolemaiovské doby (664-332 pi.n.l), a za-
choval se na izolovaném distalnim fragmen-
tu radia pravdépodobného mladého muze.
V misté metafyzy vyviela z rozpraskané
kompakty masa chaoticky uspofiadanych
kostnich trimct, od niz se proximailné
vytvoril ostriivek reaktivni periostézy. Jde
o typicky pfipad osteosarkomu.

V soucasné dobé€ z celkové poctu cca
200 zachycenych pfipadi zhoubnych nido-
ru jich 70 (=35 %) pochazi z riznych tisici-
leti existence staroegyptské civilizace. Jevi
prekvapivé stalou frekvenci od 3.tisicileti
pt.n.l. do l.tisicileti n.l. na rozdil od vyrazné
stoupajicich kfivek frekvence zachycenych
ve stiedni Evropé nebo Velké Britinii.

Klicova slova: paleopatologie, onkolo-
gie, zhoubné tumory

LOKALIZACE

A PRODUKCE VYBRANYCH
APOPTOTICKYCH MOLEKUL

VE VZTAHU K CYTOKINUM

V OSTEOARTROTICKEM KLOUBU

Hana Hulejova, Veronika BareSova, Milan Adam
Revmatologicky ustav, Praha, CZ
E-mail: hule@revma.cz

Osteoartréoza (OA) je multifaktoridlni
onemocnéni, u néjz rozliSujeme tfi formy:
nejlehdi je chrupavkova, druhd je tzv. akti-
vovand ¢i synovidlni a nejtézsi je Jkostni
forma, charakterizovand postizenim sub-
chondrilni kosti a tvorbou granula¢ni
tkdné€. Obé€ posledné jmenované formy jsou
bolestivé. Podstatou vzniku OA jsou bio-
chemické a morfologické zmény v téchto
tkdnich. Vyznam apoptézy v OA chrupavce,
synovidlni membriné a granula¢ni tkdni
neni zatim zcela objasnén, a proto se sle-
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dovani exprese vybranych apoptotickych
molekul a jejich srovniani s expresi pro-
a proti- zanétlivych cytokint jevi jako dtle-
zity krok k vysvétleni patogeneze OA.

Material a metody

Kloubni tkané (synovie, chrupavka
a granulacni tkan) a synovidlni tekutina
(ST) byly odebrany 25 pacientim s po-
krocilou OA pfi aplikaci kloubni nahrady.
Tkané byly rozmélnény v tekutém dusi-
ku a extrahoviny v 50 mmol/l Tris pufru
s 10 mmol/1 CaCl, 150 mmol/1 NaCl, 0,02 %
Brij 35 a 0,02 % NaNj. V extraktech z jed-
notlivych tkani a v ST byly metodou ELISA
stanoveny hladiny anti-apoptotické mole-
kuly Bcl-2, pro-apoptotickych molekul (bax
a p53), molekuly TRAIL a cytokinti TNFa,
IL-1a, IL-8, IL-10 a byla provedena jejich
vzijemnd korelace.

Vysledky

V synovidlni tekutiné, membriné a gra-
nula¢ni tkani byly zjiStény cetné korelace
(r> 0,6) mezi sledovanymi cytokiny a apop-
totickymi molekulami.

V chrupavce byla pozorovana korelace
mezi IL-8 a Bax (r > 0,7) a IL-10 vs. Bcl-2
(r > 0,58), coz ukazuje na pravdépodob-
ny podil téchto molekul pfi odbouravini
chrupavky v OA kloubu. Vyznamné korela-
ce byly zjistény v synovidlni tekutiné mezi
zanétlivymi cytokiny TNFa, IL-1a a apopto-
tickymi proteiny. Pro zjisténi vzijemného
pusobeni jednotlivych tkani byla provedena
také jejich vzdjemnd korelace a po srovnini
byla zjiSténa korelace mezi chrupavkou vs.
synovidlni tekutinou (r > 0,5) u cytokinu
IL-10, IL-8 a u synovie vs. synovidlni tekuti-
na u apoptotickych molekul p53 a TRAIL.

Zavér

Apoptéza chondrocytll pfi osteoartro-
ze muze byt zpusobena extracelularnimi
stimuly jako jsou vySe uvedené cytokiny
a apoptotické molekuly, které mohou
byt produkoviny OA synovidlni membri-
nou, kosti nebo samotnymi chondrocy-
ty. Degradace nebo absence extracelular-
ni matrix muiZe zpusobit vétsi senzitivitu
chondrocytl k apoptotickym stimultim.

Klicova slova: osteoartrdza, apoptotic-
ké molekuly, cytokiny
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STANOVENI PRICNE-VAZEBNYCH
ELEMENTU JAKO UKAZATELU
ODBOURAVANI KOLAGENU

U REVMATICKYCH PACIENTU

Martin Braun, Pavel Spacek, Milan Adam
Revmatologicky ustav, Praha, CZ
E-mail: braun@revma.cz

Uvod

U rady revmatickych onemocnéni lze
v€asnou diagnostikou a zahdjenim 1€¢by
predejit rozvoji choroby do tézsich sta-
dii. Proto se stile vétsi daraz priklada
laboratorni diagnostice a vyvoji citlivych
metod umoziujicich odhaleni patologic-
kych stavl casto jiz v inicia¢nim stadiu.
Kvantitativnim hodnocenim vyznamnych
pfi¢né-vazebnych elementii nachizejicich
se v proteinech pojivovych tkdni, zejmé-
na v kolagenu, lze poukdzat na aktivitu
a dynamiku patologickych metabolickych
procesti probihajicich v kloubnim kom-
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partmentu. Mezi nejvyznamnéjsi situjici
elementy povazované za molekuldrni indi-
katory odrazejici katabolismus kosti a chru-
pavky patfi pyridinolin (PD), deoxypyri-
dinolin (DPD) a pentosidin (PEN). Jejich
stanoveni v télnich tekutindch a extraktech
z tkani pojiva pomoci citlivych analytickych
metod dopliuje a zpfesnuje komplexni kli-
nicky obraz o pacientovi a muzZe pfispét
i k predjimani dalSiho vyvoje onemocnéni.
V této prici jsou shrnuty chromatografic-
ké metody umoziiujici stanoveni hladin
pficné-vazebnych elementa indikujicich
rozpad kolagennich struktur v pojivovych
tkdnich a ilustrovany jsou pfiklady aplikaci
na redlnych vzorcich télnich tekutin a tka-
ni pacientd s chronickymi kloubnimi one-
mocnénimi s odliSnou etiopatogenezi.

Studované analyty

PD a DPD patii mezi stabilni, neredu-
kovatelné, enzymaticky vznikajici pficné
vazby specificky vizané na kolagen. Oba
jsou fluoreskujicimi situjicimi elementy,
tvofeny jsou zbytky hydroxylysinu a lysinu.
U chronickych kloubnich chorob jsou pfi
rozpadu kolagennich struktur secernovany
do krve a dile do moci, kde slouZi jako
ukazatele kinetiky osteoklastické cinnosti
a indikatory resorpce kosti a chrupavky.
PEN vznikd neenzymatickou cestou spoje-
nim zbytkt lysinu a argininu v proteinech
s pentozou (Maillardovou reakci) a je jed-
nim z nejlépe definovanych reprezentanta
tzv. kone¢nych produktii pokrocilé glyka-
ce (AGEs). Vyskytuje se zejména v protei-
nech s dlouhym biologickym polocasem,
kde situje jejich modifikované fetézce.
Pfirozené fluoreskuje, coz umoznuje jeho
velmi citlivé stanoveni a patfi mezi nadéj-
né indikatory celkového rozpadu kolagenu
a glykoxidacni zatéze organismu (vyznam-

né je jeho zvySeni zejména v souvislosti se
zanétlivymi procesy a oxida¢nim stresem).

Situjici elementy (crosslinks) zptisobu-
ji zpevnéni struktur tkdnovych proteint.
Vyznamnym dutsledkem zesitovani kolage-
nu u revmatickych pacienta je pokles elas-
ticity chrupavek (vétsi tuhost a kiehkost
kolagenni struktury) i ndsledné snadnéjsi
podléhdni protedzam. Pfi degenerativnim
revmatickém onemocnéni dochizi k uvol-
néni pricnych vazeb pyridinolinového
typu, coz ma za nisledek vyrazné zmény
fyzikalnich, chemickych a funk¢nich vlast-
nosti pojivovych proteinti vedouci k rozpa-
du kolagennich struktur. Pfi klinickych sta-
vech kde dochdzi k neenzymatické glykaci
a oxidaci je pozorovano zvySeni tvorby PEN
in vivo a jeho akumulace v organismu.

Metodicka cast

Ptipredbézné apravé vzorkt se uplatiu-
je kyseld hydrolyza (16 hod/105 °C v alikvo-
tu 6M HCI), dile purifikace a prekoncent-
race pomoci extrakce na tuhé fizi (SPE na
celulézovych kolonkich v systému n-butyl
alkohol - kyselina octova - voda), vakuové
odpafeni rozpoustédel (6 hod -SpeedVac)
a konecné pfevedeni do mobilni fize pred
vlastnim HPLC stanovenim. Metoda pro
soucasné stanoveni PD a DPD je zaloZe-
na na iontové vyménné chromatografické
separaci. Izokratickd HPLC separace hydro-
lyzath télnich tekutin ¢i tkdnovych extrak-
tl probihd na sklenéné koloné typu CGC
Separon HEMA-BIO 1000 plnéné silnym
katexem (sulfobutyl). Mobilni fazi je 0,3M
CH;COOH (pH=3,0) s 0,45 mol/l Na,SOy ;
fluorescencni detekce: Aeycivaeni/ emisni = 297/
400 nm. Pro stanoveni PEN byla na nasem
pracovisti vyvinuta citlivd metoda zaloZena
na gradientové HPLC v reverzni fazi s flu-
orescencni detekci. K separaci dochdzi na
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sklenéné koloné typu CGC Separon SGX
C18, plnéné sférickymi casticemi silikage-
lu s navizanym oktadecylsilanem, mobilni
faze je sloZzena z 0,02 M heptafluoromasel-
né kyseliny, 0,01M (NH,),SOy, linedrni gra-
dient acetonitrilu = 12,5-25 %; fluorescenc-
ni detekce: Aexcitacni/ emisni = 335/385 nm.

Vysledky a diskuze

V této prici jsme se zaméfili na porov-
nini hladin pfi¢né-vazebnych elementd
u pacientl s revmatoidni artritidou (RA)
a osteoartrozou (OA), které patii k nejvy-
znamnéj$im chronickym revmatickym one-
mocnénim. Z naméfenych vysledkl vyply-
va, Ze koncentrace pentosidinu ve vzorcich
pacienti s RA i OA jsou vyznamn¢ zvySeny
oproti hodnotim naméfenym u zdravé kon-
trolni skupiny. U pacienti s revmatoidni
artritidou byly zjistény jak v pfipadé séra,
tak u synovidlni tekutiny vys$si hodnoty
koncentrace PEN oproti pacientim s dia-
gnostikovanou osteoartrézou. Zjisténé roz-
dily byly statisticky vyznamné (p < 0,05).
U RA vs. OA existuje i velmi dobrd korela-
ce mezi hladinou PEN v séru a synovidlni
tekutiné. Patrny je vliv zanétu a jeho inten-
zity na zvySeni produkce glykoxidac¢nich
produktt typu AGEs (PEN). Zatimco u RA,
jako primdrné zanétlivého onemocnéni,
je postiZeni organismu systémové, u OA
se projevuje spiSe degenerativni postiZeni
kloubniho aparitu s moznym sekundarné
vznikajicim lokdlnim zanétem (synovie)
v dusledku primdrniho poskozeni chru-
pavky a subchondrilni kosti. U souboru
OA pacienta ¢itajictho 106 jedincu (vék:
67,5 £ 9,5 let), byla provedena i pooperac¢ni
vySetifeni po instalaci TEP. Pfi porovnini
pfedoperacnich vs. pooperacnich vysled-
k@ PEN v moci (7,14 + 6,65 vs. 5,57 + 4,04
nmol/mmol kreatininu) byl nalezen statis-

ticky vyznamny rozdil (p = 0,05), rovnéz
tak i pfi porovnini pfedoperac¢nich vzorka
se zdravymi kontrolami (5,01 + 3,34 nmol/
mmol kreatininu; p = 0,025). Nartust PEN
oproti kontroldm byl zaznamendn i u ex-
traktd z kloubnich tkdni (chrupavka, syno-
vidlni a granulacni tkan). I vSechny mocové
hodnoty PD a DPD byly vztazeny k hladi-
né mocového kreatininu paralelné stano-
veného v analyzovanych vzorcich a jejich
koncentrace byly vyjadfeny v jednotkich
(nmol/mmol kreatininu). U pacienti s OA
byly pfedoperac¢ni hodnoty PD (57,5 + 34,8
nmol/mmol) i DPD (11,0 + 5,7 nmol/mmol)
v porovnani s hodnotami kontrolnimi (PD:
33,9 + 17,6 a DPD: 7,0 = 3,5 nmol/mmol)
statisticky vyznamné zvySeny (p < 0,001).
Vys$$i hladiny byly zaznamendny zejména
u téz8i kostni“ formy OA. Pokles hodnot
PD a DPD u pooperacnich vysledk jiz sta-
tistickou signifikaci nevykazoval.

Zavér: Citlivé HPLC metody vyvinuté
za ucelem kvantitativniho stanoveni uka-
zatel osteoklastické aktivity i vlivu glyko-
xidac¢nich procest aplikované na vzorky
pacientt s OA a RA umoZnily stanoveni
pfi¢né-vazebnych elementi v fadé typl
vzorku a vysledky ukdzaly, Ze pyridinoliny
jsou uzite¢nymi markery resorpce kosti
a chrupavky a hodnoty PEN potvrzuji
hypotézu o zavislosti jeho hladiny na mife
chronického zanétu a ukazuji na negativni
vliv glykoxida¢nich procesti na tkifové
proteiny pojiva.

Klic¢ova slova: pii¢né-vazebné elemen-
ty, revmatismus
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NEKTERE ZAKLADNI PRINCIPY
A TEOREMY REKONTRUKCE KOSTI

SOME BASIC PRINCIPLES
AND THEOREMS OF BONE
REKONSTRUCTION

Miroslav Petrtyl, Jana DaneSova

Ceské vysoké uceni technické v Praze,
Fakulta stavebni, Laboratoi biomechaniky

a biomateridlového inZenyrstvi, Thikurova 7,
Praha 6, Czech Republic

E-mail: PETRTYL@fsv.cvut.cz

Mechanickd namihdani pojivovych
tkani a nasledné biochemické procesy s ni-
mi spojené€, patfi mezi ziakladni podplirné
pilife existence zivé hmoty. V poslednich
desetiletich se stile vice objevuji zfetelné
snahy fady badatelti exaktné formulovat
poznatky, tykajici se biomechanochemic-
kych procesd. V biomedicinském inZenyr-
stvi se objevuje fenomén tvofeni exaktnich
obrazli pfirody. Jsou vytvafeny exakini
komplexni ,matematické obrazy*, které
umoznuji objevovat nové pfirodni ziko-
nitosti. Pomoci nich jsou poté naléziny
velice precisni diagnostické a prognostické
obrazy stava biologickych systémd, jejichz
hlavnim cilem je jejich raciondlni vyuziti
v klinické praxi.

Zivi hmota md snahu pieniset vnéj-
$i zatizeni vidy takovym zplisobem, aby
akumulovani potencidlni energie defor-
mace v ni dosahovala optimdlnich hod-
not vzhledem ke geneticky predetermi-
novanym podminkdm. To znamend, Ze
tkdné, dlouhodobé adaptované na urcité
soubory dominantnich (nejfrekventovanéj-
$ich) namdhdni se rekonstruuji, tj. remode-
luji nebo modeluji v predurcenych inter-
valech (limitech). Na pfiklad, dle Frosta
[1], dojdeli k pfekroceni horniho nebo
dolniho remodelac¢niho ekvilibria v nékte-

ré lokalité¢ kosti, kostni hmota resorbuje.
Pokud je kostni tkail namdhdana v téchto
intervalech (limitech), potom je zachovin
stav jeji dynamické rovnovahy a tkan plni
predeterminované funkce. Akumulovana
potenciilni energie deformace v nich poté
dosahuje optimélnich hodnot.

Zivé tkiné (coZ jsou ve své podstaté
koncentrované energie) maji ,snahu“ aku-
mulovat jen minimalni mnoZstvi mechanic-
ké energie, aby pfi pfestavbovych (a meta-
bolickych) procesech nedochizelo k jejimu
Lplytvini“ a k nadbyte¢nému namahdni
strukturdlnich prvku. Je vSeobecné znimé,
Ze prfi vétSich zatéZzich (energiich) muze
dojit k poruSeni biologického materidlu
nebo jeli naruSen stav dynamické rovno-
viahy ve tkdni a nedojde-li bezprostfedné
k poruSeni materidlu, materidl se rekon-
struuje, tj. vytvari se nové (adaptované)
tkanové struktury, schopné pfeniset vétsi
(nebo smérové jind) zatiZzeni. Pfesnéji fece-
no, akumulované potencidlni energie jsou
na vSech drovnich biologické hmoty (.
makrourovni, mezourovni, mikrourovni,
ultratrovni, molekularni Girovni a atomar-
ni drovni) klicovymi ,#celovymi funkce-
mi“ Ulelové funkce (minimalizované nebo
v nékterych pfipadech maximalizované)
v predeterminovanych podminkich (ohra-
nicenich, limitech) iniciuji za bézZnych
(nepatologickych) podminek tvorbu a udr-
Zovani optimalnich biologickych struktur.
Tyto biologické struktury maji optimalni
materidlové charakteristiky. V nich probi-
haji optimdlni biochemické (metabolické)
procesy, zajistujici fyziologicky pfirozenou
funkci pfislusného biologického systému
nebo jeho c¢asti.

V nisledujicich odstavcich se souhrnné
zamérime na nékteré principy, zdkonitosti
a teorémy, které komplexné charakterizuji
struktury kostnich tkani a v nich probihaji-
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ci metabolické procesy z biomechanického
(resp. biomechanochemického) pohledu.

Princip dynamického remodelac-
niho ekvilibria (Petrtyl, 1988, 1992;
[8], [3D:

Modela¢ni a remodelacni procesy
v kostni tkani vZdy vedou k dosaZeni stavu
dynamického remodela¢niho ekvilibria.
Toto remodelacni ekvilibrium je charak-
terizovano na makrourovni a mezourovni
koincidenci hlavnich smérti materidlu (tj.
podélnych os osteont, podélnych os trai-
meckl ve spongiozni kosti), se smérem
prvni hlavni osy anizotropie a se smérem
prvniho dominantniho hlavniho napéti.

Formulace energeticka (Petrtyl, 2005):

Ve stavu dynamického remodelacni-
ho ekvilibria, kdy na makrodrovni a me-
zourovni je dosahovina koincidence
hlavnich sméra materidlu (tj. na pfiklad
podélnych os osteont, nebo podélnych
os tramecku ve spongiozni kosti) se smé-
rem prvni hlavni osy anizotropie a se
smérem prvniho dominantniho hlavniho
napéti, nabyva potencidlni energie defor-
mace své minimalni hodnoty.

Pozn.: - dominantni namahani je zde
uvazovano jako namahani dlouhodobé
pusobici a soucasné dlouhodobé nejveétsi
(tj. hlavni); jednordzové se sice mohou
objevit hlavni napéti extrémni (dokonce
podstatné vétsi nez jsou soubory hlavnich
napéti dlouhodobé vznikajicich), ale tato
napéti, pokud nevyvodi poruchu (lom),
neovliviiuji pfi diskrétnim (obcasném)
pusobeni stav remodelac¢niho ekvilibria.

Princip dynamického remodela¢niho
ekvilibria autor precizoval na zdkladé expe-
rimentdlné verifikovanych prvnich hlav-
nich sméru anizotropie v kortikalis femurti
(1983-1985), v nichZ moduly pruZnosti
v tlaku dosahuji v pfislusné lokalit¢ stény
femuru maximalnich hodnot. Koincidence
smérii prvnich hlavnich napéti s hlavnimi
sméry trameckii ve spongidze si poprvé
povsiml Culman (1903), a to na zdkladé€ stu-
dia isostat (tj. kfivek konstantnich sméru
hlavnich napéti), které odvodil u konzo-
ly zatizené osamélym bfemenem na jejim
konci. Je zajimavé, Ze na pfelomu 19. a 20.
stoleti talentovany Wolf formuloval axiom
(tj. tvrzeni, které obecné plati a nemusi se
dokazovat), ktery lze zkracen€ uvést takto:
Kost se adaptuje na zdkladeé vnéjsich iicin-
kil a v souhlase s matematickymi vztahy.
V této souvislosti je tfeba poznamenat, Ze
jde vyslovené o axiomatické tvrzeni, které
neni zdkonem, za ktery je presentovano.
Wolf po bohatych klinickych zkuSenos-
tech formuloval obdivuhodny pfirodni jev
adaptace biologického systému na vnéjsi
ucinky (a to s prihlédnutim k jeho obec-
nosti, nejenom k vnéjsim ucinkiim mecha-
nickym). Dr. Wolf, zhruba pred sto lety,
nemél k disposici matematicky aparat a ex-
perimentalni zizemi, které mame my dnes.
Neni pochyb, Ze by publikovany axiom
precizoval jiz tenkrat.

Teorém o zménach dynamického
namahani tkani (Petrtyl, DaneSova,
2003; [18], [19]):

Dlouhodobé zmény napéti/deforma-
ci ve tkdnich jsou dominantnim prostred-
kem a ndstrojem pro fizeni a pro udrze-
ni biologickych funkci kostni tkané.
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Formulace energeticka:

Dlouhodobé zmény potencidlni ener-
gie deformace v kostni tkani (na vSech
jejich strukturalnich trovnich) jsou pro-
stfedkem a ndstrojem pro fizeni a pro
udrzeni vsech biologickych funkci kost-
ni tkané.

Kazda biochemicka reakce v Zivém sys-
tému probihd urcitou rychlosti. Rychlosti
metabolickych procest jsou v kostni tkdni
ovliviioviny nejenom chemickymi vlivy,
ale i vlivy mechanickymi. Chemické vlivy
a procesy mohou byt iniciovany na pfi-
klad geneticky, zménou genové exprese
pii ,zapnuti® genomového mechanizmu,
nebo pfi ,obejiti“ genomového mechaniz-
mu funk¢ni zménou proteind, vlivem hor-
mond, vitamin® atp.. V poslednich letech
byl dokdzan vliv i centrdlni nervové sou-
stavy na iniciaci metabolickych procesu
v kosti. Mechanické vlivy na rekonstrukcni
procesy v kostech maji nepfehlédnutelné
postaveni. Na kazdé strukturdlni drovni se
projevuji odlisné€ a tomu i odpovidaji velmi
rozdilné struktury a jejich mechanické/bio-
mechanické vlastnosti. Tyto strukturdlni
arovné vytvireji dokonaly funkéni celek.

Mechanické ucinky (zmény zatiZeni,
resp. zmény potencidlnich energii defor-
maci) mohou urychlovat nebo zpomalovat
metabolické procesy houstnuti nebo fidnu-
ti tkiné. Tyto procesy jsou zavislé na sig-
num (znaménku) zmén napéti, resp. na
hodnoté a polarité (znaménku) aktu-
alniho mechanického napéti (v dané
lokalité¢) vzhledem k napéti pfi ,idedlnim*
staciondrnim stavu (resp. stavu ,dokonalé®
rovnovihy). Zménami polarity napéti lze
v pfislusné lokalité kosti proces houstnu-
ti nékteré struktury (na priklad osteoidu,
nebo mineralizovaného osteoidu) urych-

lovat nebo zpomalovat. Podobné i proces
fidnuti nékteré remodelacni faze struktury
(na pfiklad star€ kosti pfi resorpcni aktivité
osteoklastl) lze urychlit nebo zpomalit.
Tyto variace zmén polarit priroda dokonale
ovlada prostrednictvim zdkona o houstnuti
a o fidnuti kostni tkané.

Zakon houstnuti a fidnuti kostni
tkané (Petrtyl, DaneSova, 2003,
2004; [21], [22], [23]):

Proces houstnuti nebo fidnuti kostni
tkané je dan exponencidlni funkci obje-
movych zmén molekulirnich smési
a zmén napé€ti molekularni smési pri
probihajici biochemické reakci.

Exponencidlni funkce urcujici rychlost-
ni koeficienty biochemickych reakci remo-
delace kostni tkdné€ je diana vztahem:

k; = Aje -4p

kde n; jsou objemové zmény molekular-
nich smési a Ap jsou zmény napéti v uvazo-
vaném elementu kostni tkané.

Biochemickou reakci, tj. reakci, kterd
probihd v jisté fizi (etap€) rekonstrukce
kosti je zde uvazovian biochemicky proces
na priklad vznik osteoidu, biochemicky
proces vzniku mineralizovaného osteoi-
du, nebo proces vzniku osteoklasti a jeho
resorpcni aktivita. Tyto biochemické pro-
cesy jsou definované stechiometrickymi
rovnicemi [11], [13], [14].

Zménou mechanického napéti lze
metabolické procesy urychlit nebo zpo-
malit. Polarita (signum) zmén mecha-
nického napéti Ap je nastrojem pro
akceleraci nebo retardaci biochemic-
kych procesu. Pfi absenci kladné polarity
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mechanického napéti (tj. Ap < 0), vzhledem
k napéti za ,idedlniho“ stavu rovnovihy,
bude aplikace hormont, vitaminti nebo
jinych chemickych latek viceméné neucin-
nd. Naopak pfi namahdni tkdnové substan-
ce, pfi némz zmény napéti budou kladné
(tj. Ap > 0) , bude aplikace litek iniciujicich
houstnuti vysoce efektivni.

Teorém o akceleraci houstnuti
kortikalis (Petrtyl, DaneSova, 2003;
[21], [22]):

Akcelerace houstnuti molekularni
smési ve kterékoliv remodelacni fazi kosti
je podminéna zapornymi objemovymi
zménami prislusné molekularni smési
(v uvazované lokalit¢) a kladnymi zména-
mi aktudlniho napéti.

Teorém o akceleraci fidnuti
kortikalis (Petrtyl, DanesSova, 2004;
[22], [23D):

Akcelerace fidnuti molekularni smési
ve kterékoliv remodelacni fizi kosti je
podminéna kladnymi objemovymi zmé-
nami prislusné molekularni smési (v uva-
zované lokalité¢) a zapornymi zménami
aktualniho napéti.

Teorém o retardaci houstnuti korti-
kalis (Petrtyl, Danesova, 2003; [21],
[22]):

Retardace houstnuti molekuldrni
smési ve kterékoliv remodelac¢ni fazi kos-
ti je podminéna zapornymi objemovymi
zménami prislusné molekuldrni smési
(v uvazované lokalité) a zipornymi zmé-
nami aktualniho napéti.

Teorém o retardaci fidnuti korti-
kalis (Petrtyl, Danesova, 2004; [22],
[23]):

Retardace fidnuti molekularni smési
ve kterékoliv remodelacni fazi kosti je
podminéna kladnymi objemovymi zmé-
nami prislusné molekularni smési (v uva-
zované lokalit¢) a kladnymi zménami
aktudlniho napéti.

Teorém o regulatoru tvaru kosti
(Petrtyl, 1985; [7], [17]):

Smykova napéti jsou dominantnim
nastrojem regulace tvaru kosti.

Existence smykového napéti v kostni
tkdni a jeho raciondlni vyuZivani v biolo-
gickém systému je zddnlivé velmi kontra-
verzni. Pfiroda pfili§ ,nenalezla zalibeni® ve
smykovém napéti, presto ho velmi ucinné
vyuziva. Jeji ,nelibost® zejména k extrém-
nim smykovym napétim vSak zohlednila
a naprogramovala velmi proziravym zpul-
sobem, tj. vytvofila takové osteogenni pod-
minky, aby vznikajici smykovd napéti za
beznych pohybii a zdtézi byla velmi mald,
avsak ve své ,malosti“ byla piné biologicky
vyuzitelnd.

Smykova napéti jsou velmi vyznamnym
biomechanickym ndstrojem - reguldtorem
tvaru Kostni tkané a iniciatorem (,starté-
rem*“) biochemickych procest (na pfiklad
resorbce kortikalis nebo resorbce spongios-
ni kosti). Na pfiklad kruhovy (nebo ovilny)
tvar pseudocyst [7] (do rovinné projekce)
v hlavici femuru je predeterminovin spojni-
ci meznich konstantnich hodnot smykovych
napéti, které vznikly v kosti, po jejim zatéZo-
véni, a to dlouho pfed vznikem pseudocysty.
I kdyZ v roviné je téchto kfivek (resp. v pro-
storu ploch) nékolik, tak jen ,predurcené
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kfivky“ (v prostoru ,predurcené plochy“)
v nichZ smykovd napéti prekracuji horni
mez remodela¢niho ekvilibria ohranicuji
rovinnou oblast (resp. ve 3D urcitou prosto-
rovou oblast), kde dojde k degradaci tkin¢,
ke vzniku granulované tkané, pfipadné ke
vzniku jinych, ne dostate¢né unosnych
struktur. Naopak v lokalitich kosti, v nichZ
smykova napéti jsou mensi neZz je dolni
hladina (hranice, limit) remodela¢niho ekvi-
libria, dochazi k odbouravani (k reposici)
kosti. Smykové napéti je onim ,umélcem
kreslicim“ budoucti tvar Rosti.

Smykové ucinky kostni tkan téméf
vyloucila budovanim takovych struktur,
které jsou schopné dominantné (prevaz-
né a dlouhodobé€) prendset hlavni tlakova
a hlavni tahova napéti. Jinak feceno, pfiro-
da adaptovala a pfi rekonstrukcich tkiné
adaptuje svoji strukturu vzdy tak, aby v do-
minantnich smérech byla prenasSena
dominantni hlavni tahova a dominant-
ni hlavni tlakova napéti. Diafyzy dolnich
koncetin nejsou prirodou konstruoviny na
prenos velkych torznich momentt a tu-
diz na vznik velkych smykovych napéti.
JPfiroda pfili§ nepocita“ na pfiklad s lyzafi,
ktefi pfi padech namahaji dolni koncetiny
velkymi torznimi momenty. Proto zlomeni-
ny diafyz dolnich koncetin od krouticich
momentt jsou komplikované, segmentova-
né (tfistivé), ve srovnani s klasickymi zlo-
meninami, které jsou vyvolané ohybovymi
momenty.

Teorém o zménach smykového
napéti jako nastroji iniciujicim
rekonstrukéni procesy ve tkani
(Petrtyl, DaneSova, 2000; [14]; [19]):

Zmény smykového napéti (zmény
devidtoru tenzoru napéti) iniciuji rekon-
strukéni procesy v kostni tkani.

Teorém o normalovém napéti udr-
Zujicim stav dynamické rovnova-
hy (Petrtyl, Danesova, 2000; [14];
[19D):

Zmény normilového napéti (kulovy

tenzor napéti) udrzuji stav dynamické
rovnovahy.

Zmény velikosti smykového napéti jsou
velice vyznamnym mechanickym inici-
atorem (,startérem*) remodela¢nich pro-
cest. Smykovd napéti vyvolavaji pretvo-
feni elementa Kkostni tkané, které si lze
pfedstavit na mezo/mikrodrovni zkosenim
tkanové mezo/mikrokrychlicky. Zkosenim
extracelularni matrice se laguny osteocy-
ta pretvafeji. Dusledkem zmén pretvoreni
(pulsniho zkosovani krychlicek kompakty,
na ptiklad pfi chazi) vznikd v lagunich
osteocytll pulsni smykovy tok extraceluldr-
ni kapaliny. Smykové toky (Klain-Nulend J.,
Burge E., [4], Cowin S.C. [2]) v osteorecep-
torovych polich (integrini a a B) iniciu-
ji biochemické procesy (na pfiklad vznik
prostaglandinu PG,) a nisledné resorp¢ni
aktivity osteoklasti. Pulsni smykové toky
v8ak iniciuji i jiné biochemické procesy (na
priklad aposici tkané atp.).

Zmény normalového napéti udrzu-
ji dynamiku metabolickych procest. Na
molekuldrni urovni akceleruji nebo retar-
duji procesy fidnuti a houstnuti moleku-
larnich smési urcujicich jednotlivé etapy
(faze) rekonstruk¢nich procest, popsa-
nych stechiometrickymi rovnicemi [18],
[19], [20], [22].
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1. Bone metabolism-—
RANK/RANKL/OPG concept

The aspects of RANK/RANKL/OPG
biology were delineated during the past
8 years that are ushered in a totally new
era of understanding of bone resorption.
A number of labs using different meth-
ods and biological systems uncovered the

new molecules (essential cytokines, recep-
tors and ligands) in the Tumor Necrosis
Factor family members and their biologic
activities involved in the regulation of bone
resorption. (Martin 2004).

The molecular and physiological
mechanisms of control of osteoclast
formation and activity have been explained
with the discovery of three members of
the TNF superfamily. Receptor activator
of NF-kappa B ligand (RANKL) is the type
II membrane protein (cytokine) in cells
of the osteoblastic lineage (committed
preosteoblastic cells) which interacts with
its receptor, receptor activator of NF-kappa
B (RANK), on hemopoietic precursors
(osteoclast progenitors) to promote
osteoclast formation and maintain their
viability and activity. The process is further
negatively regulated by the decoy receptor,
osteoprotegerin (OPG), osteoclast inhi-
bitory factor (OCIF) respectively, that is
also produced by stromal/osteoblastic cells,
and which binds to RANKL to prevent
RANKL stimulation of osteoclast formation
binding to RANK (Simonet et al. 1997).

The discovery of the protein OPG was
followed by a lot of reports that have shown
in numerous animal models and in early
clinical trials that RANKL plays a central
role in awide variety of pathologic bone
resorptive processes and provided a crucial
approach to unravelling the molecular
mechanisms of control of osteoclast
formation, schematically, see Fig. 1.

The RANK-RANKL-OPG pathway is
coupled to the dual action of tumour growth
factor beta (TGF-beta) on osteoblasts. TGF-
beta, as well as other growth factors and
specific components embedded in the
bone matrix, are released by osteoclasts
during bone resorption (Bonewald and
Dallas 1994). On one hand, TGF-beta
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has the potential to stimulate osteoblast
recruitment, migration and proliferation
of osteoblast precursors (responding
osteoblasts). On the other, TGF-beta inhibits
terminal osteoblastic differentiation into
active osteoblasts (Alliston at al. 2001).
TGF beta is also known to induce osteoclast
apoptosis.

The genetic basis of the several human
extremely rare heritable disorders of
the RANK/RANKL/OPG pathway was

uncovered following the elucidation of the
biological activity and significance of the
pathway members (Whyte and Mumm).
These remarkable skeletal disorders were
found to reflect gene defects leading to
constitutive activation of RANK or to
deficiency of OPG. Hughes et al. (2000)
investigated familial expansile osteolysis
(FEO) and identified an activating 18-bp
tandem in the gene encoding RANK
(TNFRSF11A) in three affected kindred,
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- _
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Fig. 1. Schematic representation of the bone remodeling model
OF ... denotes substance outflow , (+), (-) indicate stimulatory or inhibitory action. The zigzag
arrows represent cellular signaling pathway leading to an increase or to an decrease of production

of the indicated agent.
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and similar 27-bp duplication in an unu-
sual, familial form of early-onset Paget
disease of bone (PDB) in Japan. Whyte and
Hughes (2002) reported that a seemingly
unique disorder designated expansile ske-
letal hyperphosphatasia (ESH) was allelic
to FEO and involved 15-bp tandem dupli-
cation in RANK. Whyte et al. (2002) docu-
mented homozygous complete deletion of
the gene encoding OPG (TNFRSF11B) as
the first molecular explanation for idi-
opathic hyperphosphatasia, called juvenile
Paget disease (JPD).

These data point to the promise that
targeted RANKL antagonist therapy could
bring to the many clinical settings where
excessive bone loss leads directly to increa-
sed morbidity and mortality. There is a few
years experience with bisphosphonates
and raloxifene in treatment of different
forms of osteoporoses and heritable disor-
ders of the RANK/RANKL/OPG pathway,
t0o. At present, clinical trials of osteoporo-
sis with recombinant OPG and anti-RANKL
provide additional support for innovative
treatment strategy.

There are published a few papers that
define from mathematical point of view
the dynamics of bone remodelling at the
cellular level. The model predicts that com-
binations of anti-resorptive and anabolic
therapies provide significant benefits com-
pared with monotherapy, especially for
certain type of skeletal disease (Lemaire
et al. 2004).

2. Conclusion

The main goal, but very far up to now,
is the control of a bone remodeling based
on mesenchymal stem cells. Virtually, bone
tissue can be amenable to cellular therapy
and only preclinical models and subse-

quent clinical treatment can identify the
succeptibility of a given disease to such
therapy. The bone remodelling concept
mentioned above and the following chemi-
cal kinetic equations are the first attempt
how to reach this goal.

Key words: RANK - RANKL - OPG bio-
logy, bone remodeling, chemical kinetics
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LADENA KLOUBNI KINEMATIKA
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Kloubni stabilita je pro soucasnou bio-
mechaniku mimofiadné obtizny problém.
V samotné definici fenoménu je mnoho
neurditosti. VSeobecné je tendence cha-
pat tento pojem jako tvarovou resistenci,
respektive schopnost navratu po odeznéni
zatéze do puvodniho tvaru. Tato vlastnost
je v8ak zavisld na tvarové podstaté “kostni”
intervertebrilni kinematiky, a dile na pod-
dajnosti a charakteru spolutcasti mékkych
tkani, zejména svalového systému. Prave ta
svalovd komponenta v sobé skryva stabilit-
ni vlastnosti celého fidiciho systému, ktery

v sobé zahrnuje samoziejmé CNS i celou
periferni siti.

Neurcitost v pohyblivosti kloubni vazby
je znama a je diskutovana v ceském prostie-
di pod pojmem “funkc¢ni centrace kloubu”.
Tento jev je mozné vidét v zorném tuhlu
biomechaniky jako problém preferované
kinematiky (dané tvarem artikulujicich
ploch) a simultinné plisobici ladéné kine-
matiky, kterd kompensuje tvarové neurci-
tosti a nesouhlasnosti artikulujicich ploch
véetné efektu poddajnosti artikulujicich
komponent, napi. chrupavky.

U soustav formy “mnohoclenny kine-
maticky fetézec”, napf. patefe, je problém
odhaleni “strategie doladovani preferované
kinematiky” soucasnymi prostfedky zvlas-
té obtizny. Ladénd kinematika je vyraz-
né zavisld na kompenzacni roli svalt a va-
zl, které aktivné “vystfeduji” a vymezuji
intervertebrilni polohu dosud neznimym
mechanismem a podle neznimych optima-
liza¢nich kriterii. Jednim z prvnich, ktery
Ize adoptovat je skryt ve sloganu: v jaké-
koliv pohybové situaci vSe pro ochranu
michy pfed jejim mechanickym pfetize-
nim. Z mechanického hlediska, v prvnim
pfiblizeni, lze toto zjednodudit u pdtefe
na direktivu “centrace michy” do neutril-
ni osy namdhdni patefniho kanilu. Dalsi
mozné pak odrdzi napf. potrebu zajisténi
pruchodnosti transportnich cest mozko-
mis$niho likvoru, tzn. minimalizovat rizi-
ko dlouhodobé obstrukce likvorovych
cest a zajiStovat jejich pfipadné uvolnéni,
atd. Variabilita feSeni je mimofddnd, coz
odpovidd chovini biologického vzoru jak
v normdlnich, tak patologickych situacich,
vcetné jeho vyvojovych stadii.
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1. Introduction

Spinal corrective braces (see Fig. 1) are
used for treatment of spine scoliosis of chil-
dren (pathologic deformation of the chest
curve). The X-ray of the patient from Fig. 1
without and with the brace is shown at Fig.
2. The dynamic corrective braces of type
Cheneau or according to Cerny (patent No.
281800CZ - see Fig. 1) are usually used in
the Czech Republic. The thoracic curves
can be classified according to King (6) .
According to our experience, the brace of
type Cheneau (2) is recommended for the
spinal curve of type King I, II, and IV and
the brace of type Cerny for the spinal curve
of type King I, IIT a V (7).

The brace pushes the child trunk and
makes a stress state in the patient’s spine.
The brace changes the spinal curve; it
means that the spinal pathologic form is
corrected. After along-term use of the
brace, the part of spinal correction is per-
manent.

The brace is made in the following man-
ner: first, a plaster negative form and then
a positive form of the child trunk are made.
The orthopaedist’s assistant according to
his experience and the orthopaedist’s rec-
ommendation deepens the plaster positive
form in the place where the brace has to
push on the child’s trunk. The plastic brace
is then made according to this plaster form.
After its application on the child trunk the
brace pushes at the places where the form
has been deepened (the tight shoe princi-
ple). The remodelling of the spine patho-
logic curve depends on the type of spinal
defect, spine stress state, time and manner
of the brace application.

If a computer search is not used, the
brace force effect is the result of the ortho-
paedist and his assistant’s experience only
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Fig. 1. Patient without and with the dynamic corrective brace according to Cerny
(patent No. 281800CZ).

and it does not ensure that the designed
brace form and the manner of treatment
are optimal. The computer aid design of
brace form can be used. The spine stress
state and spinal curve correction under
brace force effect is calculated with help
finite element method for the concrete
brace applications. The aim of the research
is the determination of an ideal brace form
and a treatment course prediction with
help a computer (3).

2. Computer aid brace design

The finite element method supposes
that inter-vertebrae discs are elastic and
vertebrae are stiff relative to discs. The
potential energy is calculated for inter-ver-
tebrae parts of spine only and that's why

inertia moment has to be determined for
an inter-vertebrae disc and lignums cross-
section area. The algorithm of calculation
of stress state and spine correction is at (4,
5). If the ideal form of spinal curve after
brace force effect is set to algorithm, the
ideal brace form can be calculated.

The stiffness matrix for the spine part
between centers of neighboring verte-
brates (length /) is given by formulas (ana-
logical formulas are valid for y and z axes
direction)
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A. Influence of spine stiffness

1. Torsion effect

t —
K=
-t
where t = (GIp/I, G is shear elasticity modulus, /; is torsion stiffness.

2. Bend effect
2
K== [Ki,j] ey

where & = (2ED)/I, E,I are the module of elasticity and the moment of inertia of a cross-
-section at the inter-vertebrae disc and lignums place. Sub-matrix K;; =K, are given by

formulas

G
72

K272 :K474 :K2’4 _ki:z+%[%+lj:|

3k( 2a
K2’3 :K3,4 = _KLZ = _KL4 :T(T"rlj

K1 =K33=-Ky3=

B. Influence of soft tissue part of trunk (the pressed soft tissue is considered as an
elastic grunt according to (1) pp. 86 - 113, the final formulas will be used at this article.
A bright of grunt is considered constant)

1. Torsion effect

K*=K{ +K; @
2. Beam effect

B w9 1 (6 1 6 1

25 210 70 420 5 10 5 10

LR - N LA A

2 _ 1 210 105 420 140 2_ 2G| 10 15 10 30
AR I T € RSV e I B R A Y
70 420 35 210 5 10 5 10

B _r o1u P L F 2

L 420 140 210 105 | L 10 30 10 15 |

where Ep, h, b are module of elasticity, thick and bright of pressed soft tissue. The for-
mulas use followed parameters

272 The 6th Prague-Sydney Symposium



If the stiffness matrix of elements are calculated then can be composed the equations
for whole spine (finite element method - 1)

Kr=R

The brace pushes a child trunk at the place, where the plaster positive form has been
deepen; it means that the trunk surface (soft tissue) has at these places the non-zero pre-
scribed displacements w,. The compression of the soft tissue part up the spine of laying
patient is Wy ,pope — W and below it is w + wy e, Where w is a spine displacement and
w, are prescribed trunk surface displacement above and below of the patient trunk. The
functions w, w, are determined by parameters of joint deformations 7, 7,. Let the matrixes
K poves Kielow b€ calculated according to formulas (1). The variation of potential energy of
soft tissue part is

SEP =ort [Kabove (ro,ﬂlzove_ 1’) and/or Kbelow (r+ro,belou')] =
= 67T [Khelowr(),below' K;lb()vcr(),ahoue + (Khel()w + Kahove)r]

The term Kieiou7 0 betow= Kabovel 0.avove €an be calculated and its negative form can be con-
sidered as a load vector R. In the way, the potential energy can be considered in compress
parts of soft tissue only; it means that the terms K, (*o apove= 1) a0d/0r Kpejow ("0 perow)
are considered if they are positive only.

3. Treatment course prognoses

The spinal curve can be measured on X-ray. If the difference between measured curve
and ideal curve is put at algorithm as spinal correction (deformation w) then the trunk
surface displacements w, can be interpreted as ideal brace form.

A spinal defect is judged according to thoracic and lumbar angles (tangent angles at
point with zero curvatures - 8) see Fig.2. Let us suppose that the angles correction (angles
increasing) is percentage constant at a time unit and it is convergent to the final value a,
The treatment course prognosis is determined by

a®) = o tak’ 3)

where a is final correction (a > 0) or increasing of defect (a <0), ¢ is time and & < 0 is
parameter depending on speed of treatment. The prognosis algorithm depends on number
of X-ray controls. Let us show algorithms for number of X-ray controls 1, 2, n > 3.

1. If we have spinal angles measured from one X-ray only at beginning of treatment then it
can be judged on treatment course prognosis only according to results of previous cases.
The treatment course depends on type of thoracic deformity according to King, size of
scoliosis, age, treatment intensity and sex.
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17 }rt::irs

14.5 years

Fig. 2. X-ray of spine in standing (anteroposterior view) of the patient without and with the correc-
tive brace, thoracic and lumbar curves are highlighted in degrees

2. If we have spinal angles measured from two X-rays at time points #; = 0 and ,> 0, it
can be judged on a final thoracic and/or lumbar angles a,, for example o, = a(0) - (c(0) -
a(t,))/2. From (3) can be calculate for =0

a=a(0)— o,
and fort=1¢,

ot,)-o . !
k=)
a
3. If we have spinal angles measured from 7 X-rays at time points ,, £, ..., Z,,, the parameters

a; w and R can be solved to be the quadratic error minimal. The quadratic error is

€ :lebi_a(ti)]z “4)
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where o; are measured values and a(%,) are values calculated from (3). The conditions
of extreme are

— = z ,+2ab)=0 )
Socf ‘=
o &
—=) Qalf -20,b,+201,b)=0 ©)

i=1
from (5) and (6) flows

OCf:(XC—ﬂb @)

c

S @, —0b,

i=1

> -b0, ®

i=1

a=

where is designated

o, b,

— (i — _ ZZZI: _ 12:1:

b=kR@E=12.,m0, = b, = ©)
n n

If it is given & then b;, a,, b, can be calculated from (9), a from (8), o, from (7) and final-
ly quadratic error ¢ from (3) and (4). The parameter & will be searched to be error £ mini-
mal according to follow algorithm (&, is result from algorithm for two X-ray controls):

1. k= ky, step =0,1k, e, =¢ (R, B=true
kRo=Fk,tstep, e,=¢c (k)
ife,<¢, then (k| =k, ¢, =¢,and continue from 2)
if B then (step = -step, B = false and continue from 2)
step = step/2, B = true
if step > step,,;, then continue from 2

The result of algorithm is 2 = (&, + k,)/2. Now the treatment course can be provided
according to formula 3.

O N
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4. Conclusion

The algorithms were verified with data
base of cured patients at Ambulant Centre
for Defects of Locomotor Aparatus (Assoc.
Prof. Ivo A. Mafik, M.D., Ph.D.,, FA.B.L.)) and
ORTOTIKA a.s. (Eng. Pavel Cerny).

Key words: idiopathic scoliosis, com-
puter aid treatment, finite element method
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GRAFICKA METODA PRO URCENI
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OBRATLU Z AP PROJEKCE RTG
SNIMKU

Pavel Cerny
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Rotace obratll je soucdsti idiopatické
skoliézy patefe a dodnes se hodnoti jen
orienta¢né 5 stupni (0-4) podle Nashe
a Moea z RTG snimku patefe v predozadni
projekci, zhotoveném ve stoje. V praci je
predklidina nova grafickd metodu, kterd
umoznuje pomoci nékolika grafickych
prvki jednoduSe a v porovnini s ostatnimi
metodami velmi pfesné urcit thel axidlni
rotace zvoleného hrudniho anebo bederni-
ho obratle na standardnim snimku pétefe.

Metoda vyuZziva vztahu geometrickych
rozméri skute¢nych obratlt a citelnych
udaja z rentgenovych snimkua patefe v AP
projekci. Mira rotace ze snimku je ziskdva-
na z polohy pediklil a z dal$ich tvarovych
parametri rentgenového obrazu obratll
(obr. 1, 2, 3 - Cerny P, Pallovi 1., Mafik
I.: Grafickd metoda urceni rotace obratli
- prospektivni studie, Pohybové ustroji,
11, 2004, &. 3/4, s. 163-170). Novd meto-
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da kvantifikace axialni rotace obratle se
jevi jako perspektivni pro vyuziti v klinické
praxi.

Klicova slova: axidlni rotace obratle,
grafickd metoda, RTG pitefe, skolioza

VROZENE SLACHOVE DEFORMITY

Viclav Smrcka? 2, Ivan Dylevsky®, Ivo Mafik®
D Klinika plastické chirurgie 1. LF UK a IPVZ,
Praha, CZ,
E-mail: smrcka.v@quick.cz
2 Ambulantni centrum pro vady pohybového
aparatu, Praha, CZ
E-mail: ambul_centrum@volny.cz
% Katedra anatomie 2. LF UK a FTVS UK, Praha

Vrozené defekty koncetin se v populaci
vyskytuji v poméru 1:1000, z toho horni
koncetina reprezentuje 20-80 %.

Material a metoda

V nasem souboru 310 pacientd s vro-
zenymi vadami ruky se nachazi i skupina
28 Slachovych deformit. Vrozené defekty
flexorového komplexu se projevuji kon-
trakturami prstd, hlavné v proximalnim
interfalangealnim kloubu (PIP) ¢i kontrak-
turami zapésti. Tyto kontraktury se ozfejmi
v obdobi riistového zrychleni okolo 7. ¢i 12.
roku ditéte.

Vrozené flexorové kontraktury jsou
zpravidla zafazoviny do kamptodaktylii.

Vysledky a diskuse

Klasifikace vrozenych deformit flexo-
rového komplexu.

Vytvorili jsme klasifika¢ni schéma zalo-
zené na dostupnych operacnich nilezech

flexorového komplexu a jeho embryolo-
gickém vyvoji Vrozené deformity povrcho-
vého flexoru jsou odliSeny jedna od druhé
podle poctu neuromuskuldrnich jednotek
a rozdé€leny do skupin S1, S2, S3. Skupina
S1 zahrnuje subjednotky, které jsou rozli-
Seny podle struktur, ke kterym je fixovin
aberantni povrchovy flexor. MiiZe to byt
Slachova pochva (S1S), palmiarni aponeu-
roza (SIP) ¢i vnitfni ¢ast karpdlniho tunelu
(SIC). Skupina S2 zahrnuje vSechny defor-
mity s fixaci mezi karpdlnim ligamentem
a medidlnim epikondylem. Skupina S3 je
charakterizovina normadlné vyvinutym
povrchovym flexorem, ale subjednotkami
s chybénim svalového bfiska m. palmaris
longus (PL1) ¢i jeho Slachy (PL2).

Deformity extenzorového komplexu.
Vrozené deformity labuti $ije u 12 prsta
Sesti pacientt byly léCeny transpozici krar
povrchového flexoru s jejich propojenim
Slachovym transplantitem pfes dorzilni
¢ast stfedniho c¢linku, kde je transplantit
fixovany k aponeurdze extenzoru prstu.
Slachovy transplantit je chrinén po téméf 2
mésice modifikovanou Murphyho dlahou.

Zavér

Aby bylo mozné jednotné zhodnotit
operacni nilezy vrozené malformovaného
flexorového komplexu, navrhujeme roz-
déleni deformit na zikladé embryondlniho
vyvoje flexorového aparitu. Pro vrozené
deformity labuti $ije popisujeme novou
techniku vytvifejici pouze minimalni flek¢-
ni postaveni v PIP kloubu.

Klicova slova: vrozené slachové defor-
mity, flexorovy komplex, extensorovy kom-
plex, klasifikace
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Uvod

Poruchy osy dolnich koncetin jsou
v détském véku pomérné castou vadou.
Jsou zndmy tzv. fyziologické vardzni (do
prvniho roku Zivota) a valgézni (od 18 mé-
sictt do 3 let) deformity kolennich klou-
bu, které se v 95 % pfipadi spontinné
koriguji. T¢Z8i abnormality, zejména val-
goézni deformity u dospivajicich, vyzadu-
ji konzervativni (ortotické), nékdy i ope-

racni 1éceni. Indikace k 1é¢eni je zaloZena
na urceni tibio-femoralniho (T-F) uhlu.
Béhem sledovani vyvoje deformity a pfi
kontrole ortotické 1é¢by neni podle zasad
radiacni hygieny moZzno pouZivat opakova-
né snimkovani dolnich koncetin. Klinické
méfeni T-F uhlu pomoci ru¢niho goni-
ometru je zatizeno signifikantni chybou.
Proto byla v Ambulantnim centru pro vady
pohybového aparatu vypracovina vlastni
klinicki metoda méfeni T-F thlu (Culik,
Marik 2002). Hlavnim cilem této studie
bylo ovérit praktickou vyuZitelnost této
metody na souboru predskolnich déti, zdo-
kumentovat vyvoj T-F thlu u ¢eskych déti
a rozdily mezi chlapci a divkami od 4 do 6
let. DalSim cilem bylo srovnat méfeni T-F
Ghlu metodou Culika a Maiika s méfenim
ze specidlni fotografické dokumentace.
Vedlejsim cilem bylo zjistit korelace T-F
dhlu s dalS$imi antropometrickymi parame-
try se zaméfenim na vyuZziti v ortopedic-
kych ambulancich.

Material a metodika

Sbér dat probihal v roce 2005 ve vybra-
nych matefskych Skoldch v Praze. Souhrn
zahrnuje 120 probandd. Z toho 60 pro-
bandt muzského a 60 probandu Zenského
pohlavi. Na zakladé¢ jejich chronologického
véku byli rozdéleni do tfi vékovych katego-
rii, podle doporuceni Svétové zdravotnické
organizace (WHO). Do skupiny 4letych
bylo zafazeno 15 chlapci a 16 divek, do
skupiny 5letych 24 chlapcua a 29 divek a do
skupiny 6letych 21 chlapci a 15 divek.
U kazdého z nich bylo zjistovino 20 soma-
tickych znakt, ze kterych byly sledoviny
pfevazné znaky souvisejici a vypovidajici
0 obrazu tibiofemorailniho thlu a o pfipad-
nych odchylkach osy dolni koncetiny. T-F
uhel byl vypocitian podle vzorce
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Obr. 1: Méfené svislé a-vodorovné vzdalenosti - vlevo na schématu DK, vpravo na stojicim ditéti.
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Dile byl zméfen T-F uhel podle spe-
cidlni fotografické dokumentace. Na pro-
bandovi byly barevné vyznaceny 3 antro-
pometrické body: iliospinale anterius (IS),
apex pately a bod lezici ve stfedu mezi
malleolus medialis a lateralis. Po protnuti
téchto bodt byla zjisténa velikost T - F thlu
ru¢nim goniometrem (nebo uhlomérem).
Ke zpracovani digitalnich fotografii byl zvo-
len program Adobe Photoshop 7.0.

Naméfend a vypocitand data byla zpra-
covana pomoci programu Microsoft Excel
a Statistica 6.0.

Vysledky a diskuse

T-F dhel zméfeny podle Culika a Mafi-
ka velmi tésné koreluje s thlem zméfenym
ze specidlni fotografické dokumentace
(p < 0,001). U celé skupiny chlapcia T-F
uhel vypocteny Cinil 6,26 + 2,46 , naméfeny
z fotografie 6,25 + 2,36 (r = 0,98), u divek
7,04 + 2,49, respektive 7,1 + 2,37 (r = 0,97).
Rozdil mezi chlapci a dévcaty neni statistic-
ky vyznamny.

U chlapcu se T-F uhel s vékem mirné
snizuje ze 7 na 5,1 stupné (p < 0,05).
V souboru divek tato zavislost nebyla pro-
kdzand. Zatimco ve vékovych kategoriich
4 a 5 letych nejsou intersexudlni rozdily
vyznamné, u 6 letych chlapct je T-F thel
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0 1,92° mensi nez je tomu u divek, coz je
vyznamné na 5% hladiné vyznamnosti. To
poukazuje u nasSeho souboru chlapct na
moznou rychlej$i dynamiku vyvoje T-F
uthlu béhem fize vyrovnavani osy dolnich
koncetin v tomto v€kovém obdobi.

Zavislost T-F uhlu na télesné hmotnosti
byla jen nizka, vétsi statistické vyznamnosti
dosahovaly hodnoty BMI (u chlapcti i divek
r = 0,37 p = 0,003). To potvrzuje z praxe
znamé pozorovani, Ze nadviha pfispiva
k rozvoji valgézni deformity kolennich
kloubti.

V ortopedickych ambulancich se nej-
Castéji uziva méfeni intermaleoldrni a in-
terkondylarni vzdilenosti. Intermaleolarni
vzdalenost vyznamné koreluje s T-F tihlem
(u chlapci r = 0,42 p < 0,001), podobné
i vzdalenost interkondylirni (u chlapca
r = -0,46), tato zdvislost v§ak je pro aproxi-
maci T-F uhlu zcela nedostatecna.

Na druhé strané byla zjiSténa vysoka
korelace (r = - 0,87 u chlapca, -0,9 u di-
vek) mezi T-F dhlem a parametrem b-c,
coz je hodnota rozdilu vzdilenosti mezi
apexy patel a vzdilenosti mezi stiedy kot-
nikt. Ve vSech vékovych kategoriich je
zapornd hodnota korelace vyznamni na
0,1% hladiné vyznamnosti a tento rozmér
Ize pouzit k aproximaci T-F thlu. Cim vétsi
je hodnota b-c, tim mensi je hodnota T-F
dhlu.

Zavér

Ovéfrili jsme méfeni T-F thlu metodou
Culika a Maiika na predskolnich détech.
Toto méfeni je v praxi proveditelné. Pro
praxi v ortopedickych ambulancich a am-
bulancich praktickych l1ékaiti pro déti a do-
rost vSak je zatéZujici, vyZaduje znalost
antropometrickych bodt a dobrou spolu-
praci pacienta. Proto hledime pro orienta-

ci snadnéji méfitelné parametry. Ukazuje
se, Ze nejcastéji pouzivana hodnota inter-
maleolarni a interkondylarni vzdilenosti
pro stanoveni T-F uhlu neni vhodnym
rozmérem. Lépe koreluje rozdil mezi vzda-
lenosti apext patel a stfedu kotnikl. Jako
vhodnou metodu lze rovnéz zaradit méfeni
uhlu z fotografii. Price na této problema-
tice bude nadile probihat a cilem bude
vytvorit novou antropometrickou metodu
vhodnou pro klinickou praxi.

Literatura

1. CULIK, J., MARIK L: Nomogramy pro urco-
vani tibiofemordlniho uhlu, Pohybové ustroji, 9,
2002, & 3/4, s. 81-89.

2. SALENIUS, P, VANKKA, E: The develop-
ment of the tibiofemoral angle in children, J
Bone Joint Surg., 57, 1975, s. 259-61.

3. SALENIUS, P, VANKKA, E.: Spontaneous
correction of severe tibiofemoral deformity in
growing children, Acta orthop. Scand., 53, 1982,
s. 567-70.

4. ARAZI, M., OGUN, T. C., MEMIK, R.: Normal
Development of the tibiofemoral angle in chil-
dren: a clinical study of 590 normal subjects
from 3 to 17 years of age, J. Pediatr. Orthop., 21,
2001, s. 264-7.

5. SASS, P, HASSAN, G.. Lower Extremity
Abnormalities in Children, American Family
Physician, 68, 2003, s. 461-68.

6. STRICKER, S. J., SAMA A. A.: Assessment
of Angulation and Torsion of Lower Limbs in
Children, International Pediatrics, 16, 2001, s.
138-43.

280 The 6th Prague-Sydney Symposium






Komplexni ortopedicko 2
Prﬂtﬂtiﬂké péce. Vice informaci na
Konzultaéni a poradenska www.too.cz
cinnost pro zdravotnicka
zarizeni i pacienty.

HAMDICAF COMSEIL

TO. OSTRAVA

SIDLO FIRMY / INFORMACE

U Parku 2, 702 00 Oslrava

tel.: 586 133 258, 586 139 285, 5596 138 287
e-mall: cstravaiioo.cz

PROVOZOVNA QLOMOUC
MoEnerova 1, 778 00 Olomouc
tel.: 585 414 776, 585 414 823

e-mall: clomouci@itoo.cz

TECHNICKA ORTOPEDIE OSTRAVA - PROTEOR spol. s r.o.






