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SLOVO CTENARUM

Vazeni ¢tenéfi, autofi a inzerenti,

dostava se Vam do rukou dvojcislo, na
jehoz vydani cekali netrpélivé predevsim
autofi vynikajicich soubornych a
pdvodnich praci. Omlouvame se za vice
nez jednoroCni zpozdéni ve vydavani
Casopisu "Pohybové stroji - pokroky ve
vyzkumu, diagnostice a terapii”, které je
dlsledkem a obrazem ekonomické situace
v Ceském zdravotnictvi. Pfedpokladame, Ze
v kratké dobé bude vydano i dvojcislo 3 + 4/
2002. Pfipravujeme pfispévky pro dalSi dvé
dvojcisla 10. roCniku.

Casopis vznikl za podpory Narodni
lékaFské knihovny (jmenovité pana PhDr.
J. Drbalka) v roce 1994. Od roku 1997
zajiStovala vydavani cCasopisu firma
Ortotika s.r.o. V roce 2000 prevzal
pocitatovou sazbu pan MUDT. Petr Zubina
a stal se odpovédnym redaktorem asopisu.
Spoluvydavateli jsou od roku 1994
Ambulantni centrum pro vady pohybového
aparatu, Spolecnost pro vyzkum a vyuziti
pojivovych tk&ni a od roku 2000 se
spoluvydavatelem stala Katedra
antropologie a genetiky ¢lovéka P¥F UK v
Praze. Od roku 2003 pfebird ulohu
vydavatele Spole€nost pro vyzkum a
vyuZziti pojivovych tkani od firmy Ortotika
s.r.o. Radi bychom firmé Ortotika a
pFedevsim panu Ing. Cernému podékovali
za pétileté sponzorovani ¢asopisu, ktery by
jinak nebylo mozné vydavat. DalSim
spoluvydatelem Casopisu se od roku 2003
stavd Ceka spolecnost  ortopedicko-
proteticka CLS J.E. Purkyné, ktera
finan€né podpofila i vydani tohoto
dvojcisla.

Pfedmétem a poslanim Casopisu je
publikovat prace vychazejici z vyzkumu a
biologického wvyuziti pojivovych tkani,
prace o biochemické, morfologické,

genetické i molekularni diagnostice,
kostnim metabolismu u vrozenych poruch i
ziskanych vad. Dale klinické prace tykajici
se  symptomatické lé€by  kostnich
dysplazii, primarnich i sekundarnich
metabolickych kostnich chorob,
osteoporozy, osteo(spondylo)artrézy,
koncetinovych anomalii, kombinovanych
(dismorfickych) vad pohybového aparatu a
genetickych syndromd, ale i jinych chorob
pojiva. Zvlastni pozornost vénujeme
pracim z oblasti biomechaniky, a to
neuroadaptivnim zménam skeletu, Fizené
remodelaci, muskuloskeletalnim a
neuronélnim interakcim, déle sdélenim
antropologickym a paleopatologickym.
Cenime si predevSim interdisciplinarné
zamérenych prispévkd. Publikujeme i
prace zahraninich autord. Cennym
doplnénim jsou i zpravy ze sjezdd a
konferenci. V rubrice zpravy zvefejiiujeme
i 0zndmeni o Zivotnim vyro€i ¢lenl RR.

Jako kaZzdoroCné uvadime smérnice
pro autory piispévkd. Plvodni préace i
kasuistiky doporu€ujeme publikovat v
anglictiné. Do redakéni rady Casopisu byl
doporucen a pfijat pfedni biomechanik pan
prof. Ing. Frantisek Marsik, DrSc. (Ustav
termomechaniky, CSAV, Praha). Do
Editorial Board Casopisu jsme za Cestné
Cleny prijali vyznacné ortopedy pana prof.
MUDr. FrantiSka Makaie, DrSc.
(Bratislava, Slovensko), pana prof. MUDr.
Tomasze Karskiho, PhD (Lublin, Polsko) a
pana as. MUDr. Jacquese Cheneau (Saint
Orens, Francie).

Souhrny praci publikovanych v
Casopise jsou excerpovany v EMBASE /
Excerpta Medica, a proto doporucujeme
autordim, aby vyuzili této pFilezitosti a psali
co nejvystizngji souhrny s klicovymislovy.

Redakéni rada
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SOUBORNY REFERAT *

REVIEW

RESPONSE OF BONE TO EXERCISE AND AGING

D. RUCKER', D. A. HANLEY" and R. F. ZERNICKE"**

Faculty of Medicine’, Kinesiology’ and Engineering’
University of Calgary, Calgary, Alberta, Canada

SUMMARY

In the adult skeleton, osteoclasts and
osteoblasts operate in a highly organized
brigade to regenerate bone continuously so
it can serve its mechanical and metabolic
functions. Research in the last decade
indicates that the number of cells, rather
than cell activity, is crucial in balancing
bone resorption with formation. Because
the life span of individual cells is much
shorter than the time required to complete
one remodeling cycle, a continuous supply
is constantly needed of both cell types from
their respective progenitors in the bone
marrow. Bone tissue remodeling and the
birth and death of osteoblasts and
osteoclasts are influenced by local factors
such as cytokines, growth factors and
prostaglandins as bone tissue passes
through the repeating limit cycles of its
development, functioning, and resorption.
Circulating hormones and mechanical
signals also exert potent effects on skeletal
metabolism by modulating the production
and action of these local factors. Here, we
review basic mechanisms of bone
regeneration and adaptations that occur
with age or exercise. Potential interactions
between hormones and mechanical factors
are highlighted as they relate to exercise
programs that could counteract bone loss.

Key words: bone mass,
osteoporosis,cellular mechanism,
remodeling, hormones, aging, exercise.

INTRODUCTION

Osteoporosis, a systemic disease
characterized by low bone mass, can lead to
fractures, disability, deformity and pain (1,
2). With the demographic shift toward
greater life expectancy, projections are one
in four women (one in eight men) over the
age of 50 will suffer from osteoporosis (3).
Age-related bone loss is considered to be a
major contributor to osteoporosis. Even
though a wide variety of therapeutic agents
have been developed, there remains the
need to understand better the mechanisms
underlying bone turnover and acquisition
of bone mass so strategies can be formed to
prevent bone loss.

Though heredity is the strongest
determinant of an individual's bone mass,
up to half of the variance of bone mass is
attributable to life-style factors such as
exercise (4). Cross-sectional studies
consistently show that exercising adults
having a higher bone mass than their
sedentary counterparts (5 - 7). Although
some prospective intervention studies have
found modest increases in bone mass with
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mineralized matrix covered by bone lining
cells covers quiescent bone. Lining cells
are one of the three fates of an osteoblast
that has completed its bone forming
function, the other two being incorporation
into the matrix as osteocytes or
programmed cell death (apoptosis).
Osteoclasts do not attach to non-
mineralized bone (31) and it has been
suggested that lining cells may start the
remodeling process by secreting
collagenase that digests osteo-collagenous
tissue, thereby enabling osteoclast
precursors to attach to the surface (23, 32).
Whether or not the retraction of lining cells
also acts as a “homing” signal to recruit
osteoclast progenitors to the specific
remodeling site (23) remains to be shown,
but at least one other cell of the osteoblasts
lineage (committed osteoblasts precursors)
partakes in the development and
recruitment of osteoclasts (33, 34). The
osteoblast/osteoclast interaction is a
fundamental aspect of the remodeling cycle
that was originally proposed over 20 years
ago (35, 36) and is now well supported by
research showing that blocking
osteoblastogenesis in murine bone cultures
also blocks osteoclastogenesis (37).
Specific factors and mechanisms linking
osteoblasts with osteoclastogenesis
proteins have been identified recently
within the tumor necrosis factor (TNF)
signaling pathways (38-40) and will be
discussed in the following section.

Upon activation, mononucleated
osteoclast precursors fuse together to form
mature multinucleated osteoclasts that
attach to the bone surface and resorb a
predetermined amount of bone (23, 41). As
the BMU advances, osteoclasts leave the
resorption site, and osteoblasts fill the
resorption cavity to begin the process of

formation. The mature osteoblast secretes
type | collagen and noncollagenous
proteins, and after a lag period of about 5-
15 d, this collagen substructure is also
mineralized by the osteoblasts.

The end product of a BMU is an osteon
in cortical bone (hemiosteon in cancellous
bone). The remodeling of an osteon or
hemiosteon takes approximately 4-6 mo to
complete, but ranges anywhere from under
3 mo to more than 1 yr (42). The resorption
phase occurs much more rapidly (3-4 wk)
than the formation and mineralization
phases (4-5 mo in adult bone) (43). In
comparison, the lifespans of individual
osteoclast nuclei and osteoblasts are
approximately 2 wk and 3 mo, respectively
(23). Since the life span of individual cells
is much shorter than the time required to
complete one remodeling cycle, a
continuous supply is needed of both cell
types from their respective progenitors in
the bone marrow (31). Osteoclasts and
osteoblasts are derived from progenitors
that originate in the bone marrow.
Osteoblasts originate from pluripotent
mesenchymal stem cells, which also give
rise to chondrocytes, muscle cells,
adipocytes and stromal bone marrow cells
(44), whereas osteoclasts are derived from
hematopoietic cells of the monocyte-
macrophage lineage (45).

Though both cell number and activity
may be related to the balance between
resorption and formation, it is generally
accepted that cell activity is more dominant
for rapid changes in bone turnover needed
for calcium homeostasis, while actual cell
numbers are more important in chronic
skeletal diseases and adaptations (31). The
number of cells within an active BMU, in
turn, is determined by the birth
(differentiation) and lifespan (cell death by

8 LOCOMOTOR SYSTEM VOL. 9, 2002, No. 1+2



apoptosis) of osteoclasts and osteoblasts
(31,46, 47).

In the preceding overview, bone
remodeling was portrayed as system of
multiple, intertwined, and coincident
events. Petrtyl and Danesova have
developed an elegant mathematical
characterization of bone remodeling
events (17-21). Using a dynamical
systems approach, they persuasively
argue that bone tissue passes through the
repeating limit cycles of development,
functioning, and destruction (21). Using
stoichiometric and kinetic equations,
they quantified the biomechano-
chemical processes of bone's limit cycle.
Each limit cycle comprises several
stages during which intensive change
occurs, followed by periods in which
processes are slow or quiescent (a weak
steady state) (19-21). They posit that the
“limit cycle is a close trajectory of
solution of Kinetic equations of bone
remodeling” (21, p. 75). Briefly, their
five fundamental stoichiometric
equations expressing the biochemical
processes include: Equation 1 defines
the process of osteoclast formation by
merging with mononuclear cells,
Equation 2 indicates the osteoclast
resorption activity, Equation 3 defines
the resorption activity of the
mononuclear cells and the development
of substances initiating the osteoblast
activity, Equation 4 defines the osteoid
formation, and Equation 5 describes the
osteoid mineralization (formation of new
bone material). They describe bone as an
“unbalanced stable system” (21, p. 79) in
which there is a dynamic and potent
interplay among biochemical reactions,
mechanical loading, genetics and
biothermodynamical system that can be

characterized by a system of non-linear
differential equations that express the
kinetics of bone tissue remodeling
(18,19).

Adaptations of Bone

The birth and death of osteoblasts
and osteoclasts are controlled by local
factors such as cytokines, growth factors
and prostaglandins (tab. 1) that are
produced by skeletal and non-skeletal
tissues (31, 48, 49). The effects of these
factors can be mediated through
autocrine, paracrine or even endocrine
signal pathways, although factors
produced by skeletal tissue and stored in
bone may have more direct effects (50).
Many of these factors not only have
redundant effects on bone cells, but can
also modulate their own and each other's
production in a cascade fashion (31).
Thus even a small change of
concentration of one factor can
dramatically affect the concentrations of
others (51).

Three recently discovered proteins
belonging to the TNF superfamily have
been proposed as final effectors for many
of the local factors and hormones. Two of
these proteins, respectively, Receptor
Activator of Nuclear Factor-B (RANK)
and RANK-ligand [RANKL, also called
Tumour Necrosis Factor-Related
Activation-Induced Cytokine
(TRANCE), osteoprotegerin ligand, or
osteoclast differentiating factor] are
bound to the membranes of osteoclast
progenitors and committed osteoblasts
precursors (fig. 2). RANKL binds to
RANK with high affinity and, with the
permissive effect of macrophage
stimulating factor (M-CSF), this
interaction is essential and sufficient for
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osteoclastogenesis (38-40). The third
protein, osteoprotegerin (OPG) is a non-
membrane bound protein that also binds
to RANKL, thereby blocking
RANK/RANKL interaction (fig. 2).
OPG has potent inhibitory in vitro and in
vivo effects on osteoclastogenesis and
bone resorption (52, 53). Accordingly,
transgenic mice over-expressing OPG
develop osteopetrosis, whereas OPG
“knockout” (gene inactivation) mice
become severely osteoporotic (53).
These observations, as well as studies
showing that OPG and RANKL
expression by osteoblasts can be
modulated by several hormones and
cytokines (47, 54), have led to the
hypothesis that multiple upstream
hormones and cytokines converge to
control two downstream cytokines (OPG
or RANK, with a permissive effect of M-
CSF) in the regulation of osteoclastic
differentiation and resorption (55).

In addition to local factors, adhesion
molecules (proteins expressed on the
surface of bone cells and progenitors)
also have important regulatory roles by
mediating cell-cell and cell-matrix
interaction that enable the migration of
osteoprogenitors to the remodeling sites;
anchor mature osteoblasts unto bone
surface; and communicating local,
hormonal and mechanical signals (56).

Circulating hormones and
mechanical signals exert potent effects
on skeletal metabolism by modulating
the production and action of these local
factors. In the following, we highlight
hormones and their respective factors
involved in pathology of age-related
bone loss and functional adaptations to
exercise.

Age

In the healthy young adult skeleton,
resorption and formation are balanced so
that bone mass is maintained. Starting
around the fourth or fifth decade of life,
however, bone loss with age happens at
all skeletal sites in both sexes and is
characterized by a remodeling
imbalance, in which resorption exceeds
formation. With menopause (or male
hypogonadism) the rate of bone loss
increases dramatically, a change
attributed to cellular mechanisms (31).
Both estrogen and androgens (perhaps
through conversion to estrogen)
normally suppress the production of IL-
6, TNF and M-CSF, which stimulate the
formation of osteoclasts and osteoblasts
from the marrow. In addition, estrogen
promotes osteoclast apoptosis (probably
mediated through TGF-) (52), while
exerting anti-apoptotic effects on
osteoblasts and osteocytes (31, 58). As a
result, loss of estrogen increases not only
the number of active BMUs, but also the
lifespan of osteoclasts while reducing the
lifespan of osteoblasts and osteocytes.
The increased lifespan of the osteoclasts,
in particular, is thought responsible for
the deepening of resorption cavities (59)
and trabecular perforation leads to
micro-structural weakness of bone and
increased fracture risk in women in the
early postmenopausal period (41).

In contrast to postmenopausal bone
loss resulting from osteoclast
hyperactivity, the inexorable bone loss
seen with senescence in both sexes is
thought to be osteoblast mediated (31). A
decrease in osteoblast number decreases
bone formation. Although it is difficult to
separate sex-steroid deficiency from
aging effects, bone marrow
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OCL=osteoclasts
OB=0steocblasts
BLC=lining cells
OCY=osteocytes

Al g B 5
A = resorption (3-4 weeks) B = formation (4-5 months)

Figure 1. Progression of the Basic Multicellular Unit (BMU) through trabecular bone. Because the lifespan of
a BMU is longer than osteoclasts and osteoblasts, a continuous supply of both cells from their respective
progenitors is needed. Note also the lining cells and osteocytes, two fates of osteoclasts that have finished their
bone forming job [adapted from Hanley (42)].

committed osleoclaxt
preosteoblast precursor
RAMKL ostesclastogenesis
A RAMK H-"""'--a_._,_
g u oarF “ —
. '@X

Figure 2. Schematic showing the interaction of osteoblast and osteoclast precursors. A, Bound to the
membranes of osteoclast progenitors and committed osteoblasts precursors, respectively, are receptor activator
of nuclear factor-B (RANK) and RANK-ligand (RANKL, also referred to as TRANCE, osteoprotegerin ligand,
and osteoclast differentiating factor). RANKL binds to RANK with high affinity and, in concert with
macrophage stimulating factor (M-CSF), this interaction is essential for stimulating the differentiation of
osteoclast precursors. B, The third protein, osteoprotegerin (OPG) is a non-membrane bound protein that also
binds to RANKL, thereby effectively blocking RANK/RANKL interaction. OPG has potent inhibitory effects
(in vitro and in vivo) on osteoclastogenesis and, as a result, resorption.
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osteoblastogenesis also decreases with
age (60). Age-related bone loss from
defective osteoblasts has also been
demonstrated in mice with sufficient sex
steroids and an intact reproductive
function (61, 62). The decrease in
osteoblastogenesis is attributed to an
over-expression of genes that redirect
mesenchymal stem cells to differentiate
into adipocytes rather than osteoblasts
(63), as well as age-related decreases in
the pulsatile excretion of growth
hormone that result in decreases insulin-
like growth factors (IGFs) and their
binding proteins (64).

There are several other important
endocrine factors implicated in age-
related bone loss. With increasing age,
the ability to absorb calcium from the gut
decreases because of decreased levels of
the active vitamin D hormone, 1,25-
dihydroxy vitamin D, (1,25(OH),D).
Although 1,25(0H),D itself has potent
stimulatory effects on local factors that
stimulate osteoclasts and osteoblasts, the
major physiologic function of this
hormone is to stimulate intestinal
calcium absorption (41, 49). Insufficient
1,25(0OH),D reduces serum calcium that
in turn increases synthesis and secretion
of parathyroid hormone (PTH). PTH
then increases bone remodeling to
mobilize calcium from the skeleton. PTH
has potent stimulatory effects on the
development and activity of osteoblasts
and interferes with bone formation at the
transcriptional level. (50).

Pharmacological doses of
glucocorticoids also have various
harmful effects bone remodeling.
Glucocorticoid excess inhibits
osteoblastogenesis (65, 66), increases
osteoblast and osteocyte apoptosis (49),

suppresses circulating gonadal steroid
production, and decreases calcium
absorption (67).

Exercise

It is well known that bone adapts to
its environment; Galileo (1638) was
among the first to recognize that body
weight and activity were related to bone
size (68). This structure/function relation
was formally described in the late 19"
century in what has been designated as
Wolff's law (69). Over time Wolff's law
promulgated ateleological paradigm that
bone is a well-designed engineering
structure, adding bone and changing its
architecture to minimize strain on the
skeleton (70). Frost and others (71, 72)
described the mechanical regulation of
bone as a “mechanostat”, whereby bone
increases its mass with the mechanical
loading and, conversely, loses bone mass
when there is no little or no mechanical
stimulus. Supporting this structural
efficiency paradigm is a wealth of
observational and experimental
evidence, such as loss of bone mass
during disuse (73, 74) or space flight
(75), and local bone hypertrophy related
to mechanical loading (76-79). There
are, however, inconsistencies in this
archetype as studies have shown that
bone formation does not always occur
where mechanical load is maximal. For
example, simulating weightlessness by
using head down tilt during bed rest in
humans or tail suspension in rats shows
increased skull and mandible bone mass
after several weeks (80, 81). In those
studies, tissue deformation from
mechanical loading did not occur and
cannot explain the increases in bone
formation. Others have shown that bone
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formation can be related to factors other
than maximal strain, such as strain
gradient, frequency or rate (82-85).

Thus, while the concept that the
mechanical environment affects bone is
well accepted, it remains unknown
exactly what aspects of the mechanical
milieu are paramount for osteogenesis.
Much of what we do know about
functional adaptations at the tissue level
comes from well-controlled animal
models to assess physical influences on
bone formation (tab. 1). The intensity,
duration and manner of the loading
environment is translated and expressed
as mechanical strain (relative
deformation of a material) or other
related parameters of the strain
environment, such as strain frequency,
rate and gradients. These studies show
that only dynamic loads increase bone
formation. Furthermore, if the
magnitude is high enough, increasing the
number of strain cycles beyond a certain
point does not increase bone mass (86).
On the other hand, strains need not be
large in magnitude if strains are unusual
in their distribution (87), high in
frequency or rate (78), or have gradients
(82,83).

One advantage of using animal
models is that they allow for controlled
environments, but an important
consideration in determining their
validity is whether or not such
homogenous environments are
representative of the physiological
environments that occur during physical
activity. For instance, strain gauges that
are bonded to equine metacarpal bone
revealed extremely non-uniform peak
strains during walking, even within the
same bone site (88). Furthermore,

exercise-induced bone formation has
been shown to be site-specific (82, 89)
although few of the animal studies have
taken this into account.

Animal studies that relate the
mechanical parameters to morphological
changes in bone have demonstrated that
the osteogenic stimulus varies with
skeletal maturity (90). Inimmature bone,
for example, peak strain rates (keeping
strain magnitude at physiological levels)
correlated highly with sites of bone
formation (84). In mature bone, on the
other hand, a mechanical parameter
highly related to bone formation was
circumferential strain gradients (83).
Gradients correlate highly with fluid
flow, which may deform strain sensing
cells (91). The different mechanical
stimuli responsible for adaptations have
been attributed to specific bone cell
populations that reside on bone surfaces
of growing and mature animals (90).

Central to elucidating precisely how
bone adapts to mechanical stimulus is to
know how bone interprets mechanical
stimuli at the cellular level.
Mechanotransduction is the process of
converting mechanical stimuli into a
cellular response and occurs in a wide
variety of physiologic functions. In bone,
mechanotransduction involves the
transduction of a mechanical signal into
a local signal perceived by cells, and
followed by the transduction of this local
signal into a biochemical signal to
stimulate osteoblasts or osteoclasts to
form or remove bone.

In theory, all eukaryotic cells are
sensitive to their mechanical
environments (92). In bone, osteoclasts,
osteoblasts, osteocytes and bone lining
cells are sensitive to mechanical
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stimulation in vitro and in vivo (93-95).
Osteoblasts, however, make up only 5 %
of cells in adult bone, and osteoclasts
comprise 1%. Thus, even if all active
osteoblasts were directly stimulated, the
effect would not significantly increase
bone mass (96). To facilitate an adaptive
modeling/remodeling response,
osteoprogenitors must be recruited to the
bone surface. Rather than the mechanical
signal directly stimulating osteoblasts or
osteoclasts directly, it is hypothesized
that osteocytes or bone lining cells,
which make up approximately 95 % of
all bone cells (23), act as the sensor cells.
That hypothesis is a function of the
connectivity of these cells: osteocytes
are connected to neighboring osteocytes
and lining cells on the bone surface by a
network of slender long processes linked
via gap junctions (97). Thus
communication is enabled through the
bone matrix (98, 99). Since neither
osteocytes nor bone lining cells resorb or
form new bone, they signal to “effector”
cells (osteoclasts and osteoblasts) to
produce hone adaptations (96, 100).
Mechanical loading can activate
osteocytic production of autocrine or
paracrine factors, such as prostaglandins,
nitric oxide, and IGF (101-103).
Experimental evidence implicates
fluid flow as a local signal for stimulating
osteocytes (104, 105). When bone is
loaded, interstitial fluid flows from the
medullary canal into the vascular system
and lacunar spaces of bone tissue (fig. 3)
(106). Fluid flow stimulates osteocytes
directly through shear stresses (107, 108)
or indirectly by electric fields (streaming
potentials) (109), although the latter
mechanism has variable results (110).
The theory that fluid flow stimulates

bone cells is enhanced because the level
of stretch imposed by mechanically
loading cells in vitro is on the magnitude
of 5-100 times the normal strain levels
found in living bone (96). Fluid flow
through canaliculi, however, stimulates
osteocytes via very small deformations.
(105).

Mechanical Function in a Systemic
Environment

Optimal mechanical stimuli vary
between growing and mature bone, a
difference attributed to the different cell
populations that are primarily resident on
the bone surfaces (90). Once bone has
reached skeletal maturity, its response to
mechanical loading is further affected by
systemic factors such as age (111, 112),
nutrition (113) and hormones (114, 115).

How systemic factors interact with
mechanotransduction is poorly
understood, but several hypotheses have
emerged. One hypothesis is that
hormones or age-related factors
influence how the mechanical sensor
cells perceive strain-related information.
Age-related declines occur in the number
of matrix and integrin proteins that
normally connect the osteocytes to the
matrix, thereby limiting the amount of
strain information to reach osteocytes
(116). Further reduction in the ability of
the canalicular mechano-sensory
network to sense strain may be related to
a decreased number of viable osteocytes
due to the increased apoptosis that
happens with estrogen withdrawal (117).

Systemic factors may also interfere
with mechanotransduction at the level of
the cell effector. In rats, removal of the
thyroid and parathyroid glands (e.g., loss
of PTH and calcitonin) mitigates strain
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Figure 3. Schematic of the role of the osteocytic network in mechanotransduction. Though the majority of
osteoblasts (OBs) that have completed their bone-forming job undergo apoptosis, some become bone lining cells
(BLCs) covering the surface of bone, while others become entombed within the bone as osteocytes (OCYs). The
matrix surrounding the OCY cell body (lacunae) is not calcified and is therefore easily penetrated by water and
other small molecules. When bone is loaded, interstitial fluid flows from the medullary canal into the vascular
system and lacunar spaces of bone tissue, causing flow-related shear stresses across the OCY membrane. The
mechanical signal is transmitted through the osteocytic network via cell processes (canaliculi) that are connected
by means of gap junctions to the BLCs. The BLCs release paracrine factors, such as growth factors, that stimulate

the differentiation of preOBs into OB, which produce new bone matrix.

induced bone formation (118) and bone
loss due to disuse (115). Although the
cellular mechanisms are not known,
hormones and local factors likely share
many of the same signaling pathways as
mechanotransduction (100). An in vitro
study has shown that while estrogen and
mechanically imposed strain had
independent mitogenic effects on
osteoblast-like cells, blocking the
estrogen receptor with estrogen

antagonists prevented the proliferative
response of osteoblasts to any
mechanical strain (119). Thus the
mechanism by which strain is
communicated may involve a similar
metabolic pathway as estrogen. PTH and
mechanical strain are also hypothesized
to share similar pathways (96) because
both result in similar metabolic effects on
the osteoblast (120, 121). Greater
understanding of the interaction between
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hormones and exercise may be fruitful as
pharmacological therapies could
augment the osteogenic effect of exercise
or prevent bone loss associated with
disuse. For instance, a recent study
showed that administering OPG to rats
mitigated disuse-related bone loss (122).

SUMMARY

The adult skeleton undergoes
continuous, limit cycles of regeneration
through the process of remodeling to
fulfill three major functions: mechanical
support; homeostasis of calcium, ions,
and other growth factors normally stored
in bone; and hemopoiesis. During
remodeling, removal of bone by
osteoclasts is closely coordinated with
bone formation by osteoblasts, and
because of their limited lifespan, both of
these cells require a continuous infusion
of new cells from their respective
progenitors. The stimulus for remodeling
can come from internal factors (e.g.,
hormones, cytokines-growth factors)
and external factors (e.g., physical
activity and mechanical loading).
Increasing age, declining levels of sex
hormones, or calcium deficiencies
produce an imbalance between
resorption and formation resulting in
bone loss. Physical activity through its
mechanical effects on bone can mitigate
this bone loss. Optimal mechanical
stimuli differ between growing and
mature bone, and mature bone is
influenced by aging or other systemic
factors. Greater understanding of how
mechanical stimuli interact with
systemic factors is central for the
development of more effective exercise

programs in the prevention of bone loss,
as well as enhancing complementary of
exercise and pharmacological therapies.
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SOUHRN

Souborny ¢lanek informuje o

soucasnych zobrazovacich metodach a
jejich diagnostickém vyuziti na poli
osteologické diagnostiky,jakoZz i o
zékladnich forméach kostni pfestavby a jeji
interpretace v rentgenovém obraze.
Klicova slova: Osteologicka zobrazovaci
diagnostika, rentgenova diagnostika v
osteologii, vySetfeni magnetickou
rezonanci v osteologii, vySetfeni
ultrazvukem v osteologii, nuklearni
medicinav osteologii.

SUMMARY

Kolafr J. Diagnostic Imaging in
Orthopaedics. Actual modes and their
interpretation in X-ray diagnostics.

Key Words: Diagnostic Imaging in
Orthopaedics, X-Ray Diagnosis in
Osteology, Investigations with magnetic
Resonance in Osteology Investigations
with Ultrasound in Osteology, Nuclear
Medicine in Osteology

uvoD

Pro osteologii jsou zobrazovaci

metody jednim z pilif0 jeji praktické
¢innosti. Kromé plvodnich metod,
pouzivajicich ionizujici z&feni a jeho
schopnost prochazet télem, vyvstaly v
poslednich tfech desetiletich nové postupy,
pouzivajici k utvafeni diagnostického
obrazu zcela odlidné formy energie. Jednim
z nich je diagnostika ultrazvukem (energie
mechanickd) a tomografie magnetickou
rezonanci (energie magnetickych poli).
Obé tyto metody jsou radiacné nezatéZujici
a nabyvaji v diagnostice pohybového
Ustroji trvale na vyznamu. Pfesto zlistava
klasické rentgenové vysetteni v osteologii
nadale vychodiskem pfi stanovovani
diagnostickych algoritmd, v nichZ se voli
podle vysledkd i klinického vysettent, dalsi
postupy (5,6, 7,11, 13).

1. VYSETROVACI TECHNIKY

(a) Radiografie (snimkovani)
Rentgenovy obraz vznika pfi préichodu
rentgenového zareni hmotou tak, Ze se
intenzita zafeni v odliSnych strukturach
rizné oslabi, v zavislosti na jejich
prdmérnych atomovych ¢islech. Snopec
zareni na vystupni ploSe tak v sobé nese
latentni obraz tkani a organ(, jimiZ progel.
Tento obraz neni lidskym okem
postfehnutelny, protoze toto zafeni je
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neviditelné. Pfevod na viditelny obraz se
déje expozici specialniho rentgenového
filmu s jeho naslednym vyvolanim (obr. 1).

rahragen

| - 4 a3

Obr. 1. Princip skiagrafie. Zafeni prochazi nemocnym
aexponuje rentgenovy film lezici v kazeté pod nim.

Rentgenoveé zareni se prevadi na viditelné
svétlo pouZitim luminiscencénich folif, mezi
néz je film v kazeté svétlotésné ulozen.
Expozice systému film - folie vyzaduje
UsporngjSi davku ionizujiciho zéafeni a je
proto radiacné pro nemocné Setrnéjsi, nez
pouziti filmG bezfoliovych. Jistym
negativem tohoto zplisobu je, Ze mirné
zvySuje neostrost zobrazenych struktur,
coz je predevSim v osteologii a pro
prokresleni kostni tram¢iny méné vyhodné,
presto vSak stale v (nosnych mezich.
Exponovana mista filmu ¢ernaji v rliznych

stupnich Sedi (od bilé = mélo proslého
zareni, po ¢ernou = hodné proslého zéfeni).
Toto rozdilné odstupfiovani Sedi je
vyrazem rlizného objemu a struktury tkani,
jimiz zareni proslo. Pokud jsou kontrastni
rozdily vedle sebe leZicich tkani dostatecné
veliké, je vidét jejich obrys i detaily vnitfni
struktury. To v3e ov3em jen na
makroskopické drovni, tj. v osteologii po
rozdil mezi kompaktou a spongiézou, kosti
a okolnimi mékkymi tkdnémi. Pokud jsou
kontrastni rozdily nékterych struktur
(organt) malé, lze je uréitymi postupy -
umeélym zvySenim kontrastu - v nékterych
pfipadech uméle zvysit ("kontrastni
vySetfeni"). Jako nositel tohoto umélého
kontrastu se vétSinou pouZzivaji ve vodé
rozpustné latky, obsahujici organicky
vazany jod. Ne vZdy je to ovSem technicky
mozné a tak fada tzv. "meékkych tkani"
unika pfimému rentgenologickému
zobrazeni a jejich vySetfeni se stava
doménou pfedevSim magnetické
rezonance. Do sedmdesatych let se v
osteologické radiografii pouzivala také
technika pfimo zvétsenych snimkd, kterou
se lépe zobrazily strukturalni detaily kupf.
spongidzy. Byla k ni vSak nutna speciélni
rentgenka s mikroohniskem, kterd byla
velmi drahd a méla kratkou Zivotnost. Je
dnes nahrazena predevSim vypocetni
tomografii (CT). Tzv. subtrakéni
radiografie se pouziva predevSim pfi
vySetfenich s kontrastnimi latkami se
zamérem potlacit ruSivé pozadi (obraz
kosti) tak, aby lépe vynikl zkontrastnény
subjekt - kupF. cévni kmeny pfi angiografii.
Subtrakce se déje specialnim postupem,
vyuZzivajicim digitalni zpracovani obrazu
(3,12).

b) Fluoroskopie (prosvécovani)
Prosvécovani se v osteologickém
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zobrazeni pouZivd jako samostatna
vySetfovaci technika ojedinéle (k lokalizaci
cizich téles, repozici zlomenin, sledovani
kloubnich pohybll aj.) Kratkodobym
nepferuSovanym pfilivem zareni lze
zobrazit vySetfovany objekt za
bezprostfedniho prevodu neviditelného
rentgenového obrazu s pouZitim
luminiscencni folie, umisténé ve S§tité
prosvécovaciho zafizeni, ev. se
zesilovacem S§titového obrazu a
pozorovanim nalezu na monitoru (obr. 2).
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Obr. 2. Prosvécovani s pouzitim zesilovace Stitového
obrazuatelevizniho fetézce.

Prosvécovani byva spojeno pro svou délku
s Vetsi radiaCni zatézi vySetfovanych, a
proto se nahrazuje, pokud je to mozne,
radiografii. Pod fluoroskopickou kontrolou
se v3ak provadi fada intervenénich vykond,
jako jsou biopsie, punkce, katetrizace aj.
Moderni CT pfistroje, pfedevsim helikalni
(spirdlni) pracuji také s kratkodobym
neprerusovanym prilivem zéfeni, jezto po
celou dobu obé&hu rentgenky kolem
nemocného ho vlastné prosvécuji.

(c) Vypocetni tomografie (CT)
Jde o vrstvovou metodu, pfi niZ obrazy

vznikaji vypocetni rekonstrukci ze souboru
dat o hodnotach oslabeni pfi prichodu
kolimovaného paprsku rentgenového
zafeni rotaci kolem zvolené drovné
nemocného (obr. 3).

)
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Obr. 3. Nemocny v tunelu CT pfistroje. Prola kvanta
zafeni jsou registrovana souborem detektor(.

Data se ziskavaji v ploSe a vrstvé, rozdélené
na tisice policek. Jejich hodnoty se lisi
podle toho, jakymi tkanémi snopec zareni v
rlznych polohdch otoGky prochazi a
oslabuje se. Prakticky zadny z takto
ziskanych koeficientd oslabeni zafeni v
definovaném objemu tkéané (tzv. voxelu =
volume element) neni sam reélny proto, zZe
snopec postupné k nému prochazi rliznymi
objemy aslozenim tkani, ¢imz se naméfené
hodnoty zkresluji a nejsou pfimo
pouzitelné. Namérené hodnoty, uloZené v
paméti poCitace, se navzajem porovnavaji,
rektifikuji sloZitymi vypocetnimi postupy,
az se propocteny koeficient co nejvice blizi
hodnoté realné (obr. 4). Ziskany Ciselny
Udaj se prevede digitalné-analogovym
pfevadécem na odpovidajici stupefi Sedia z
takto vedle sebe sefazenych policek (dnes
velikosti kolem 1 mm?) se sestavi obraz
plné plochy vySetfené vrstvy. PFi kazdé
tomografii se musi vy3etfovat vetsi poCet
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Obr. 4. Schéma stanoveni redlné hodnoty absorpnich
koeficientl odlidnych &asti voxelu v riiznych smérech
expozic (a - f); pro skresleni priichodem sousednimi
tkdnémi neni vétSina dat spravnych. Porovnavani
vysledk( z rGznych smérd (I - 6) vede korekci k
vysledku, blizkému realité (pole 6).

vrstev, ponévadz pfedem nelze odhadnout,
zda a kde bude patologické loZisko leZet.
CT vySetfeni je tedy pocitaCovy
denzitometricky postup s vysokou
rozliSovaci schopnosti pro nepatrné rozdily
absorpce ve tkanich. Zakladni Skala téchto
absorpcnich koeficientl je vztazena k
absorpci vody, jeZ se rovna nule (obr. 5).
Hutné tk&né maji na této Skale vyssi stupné
absorpce (s vyjimkou tkéané tukové);
nejvyssi absorpci maji zuby a Kkosti.
Absorpéni hodnoty plynl a vzduchu lezi v

pasmu negativnich. Z proméfeni nékolika
za sebou leZicich prFicnych vrstev lze
zrekonstruovat pocitatovym postupem
obraz vrstvy frontalni nebo sagitalni (2, 7,
10), které primo ziskat CT pfistrojem nelze.
Lze tak ziskat i rekonstrukce prostorové -
trojdimenzionalni - (3D), které jsou pravé v
osteologii cennou pomoci pro lepsi
prostorovou predstavu o tvaru a vztazich
vySetfovanych oblasti téla. Postup
kontinualniho prosvécovani nemocného
kolimovanym snopcem zéafeni v
ohrani¢eném Useku téla rotujici rentgenkou
za pomalého posunu pacienta v podélné ose
jeho téla, je principem moderniho
spirdlniho (helikélniho) CT; dovoluje
podstatné zkraceni vysetfovacich ¢asl za
cenu ponékud vyssi (ale stale v mezich
pripustnosti se pohybujici) radiacni zatéze
nemocného. V osteologii moderni doby je
CT vysetfeni jednou z dominantnich metod
presnéjsiho zobrazeni detail(l hutnych tkani
a patologickych dgjii v nich. Vypovédni
schopnost pro mékké tkané a kostni drefi je
vSak nizsi, nez u tomografie magnetickou
rezonanci (MR).

(d) Magnetické rezonance (MR)
Wsetfeni magnetickou rezonanci se
opirdo zjisténi, Ze atomova jadra prvkl s
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Obr. 5. Skala Hounsfieldovych jednotek absorpce v rliznych tkéanich vztazenych k vychozi hodnoté absorpce

vody.

26 LOCOMOTOR SYSTEM VOL. 9, 2002, No. 1+2



magaericky
mameni

Obr. 6. Rota¢ni pohyb protonu (spin) ma sklonénou
osu vlivem magnetizmu zemé; smér vysledného
magnetického momentu.

lichym atomovym ¢€islem samovolné rotuji
(tzv. spin) a protoZe jde o pohyb Céastice s
elektrickym nébojem, vznika kolem nich
podle principd elektromagnetizmu,
magnetické pole. Rotace jader se vlivem
magnetického pole zemékoule nedéje
kolmo k povrchu, ale po plasti kuzele
(obr.6) s jistym sklonem. Magnetické pole
tedy méa jisty smér ("magneticky
moment"), ovsem tak nepatrny, Ze neni
méfitelny. Na neméfitelnosti se podili i
okolnost, Ze spiny probihaji ve zcela
rGznorodych smérech, takZze se jejich
magnetické momenty navzajem rusi; tkané
jsou navenek nemagnetické. K tomu, aby se
dosahlo silnéjSiho magnetického
momentu, je tfeba predevsim enormni
mnozstvi diléich spind a dale sjednoceni
jejich moment( do spoleéného sméru. To se
déje plsobenim silného zevniho

magnetického pole. V ném se orientuji
spiny do roviny protichdidné rotace: jeden
smér mirné prevazuje nad druhym, podle
toho, o jadro jakého prvku jde. V Zivych
tkanich prevazuji poctem a vyznamem
Ctyfi prvky: H, O, C a B. Z nich v8ak jen
jeden (vodik) maliché atomovécislo(=1) a
jeho jadro tedy spin. Ostatni prvky maji
atomova Gisla suda, jsou tedy bez spind.
Vodikovych jader (protond) je v téle
nepredstavitelné mnozstvi (v kapce vody
dajng 10°) a predstavuji tedy pouzitelné
kvantum, protoZe uz rozdil orientace spinu
v magnetickém poli je urCitd méfitelnd
hodnota. Jestlize se takto orientovanému
systému spinli doda energie ve formé
radiofrekvencniho pulsu (RF), vychyli se z
roviny své rotace a Ize docilit kupf. toho, ze
vychylka €ini 90°,180°, i jinou hodnotu.
Pomine-li RF impuls, vraceji se spiny do
vychozi roviny rotace v jistém case
(milisekundy) podle toho, jak jsou
ovliviiovany strukturami okoli (Cas T1) a
spiny sousedl (Cas T2), pfi¢emz
odevzdavaji RF impulsem dodanou energii
ve formé méfitelného kvanta. Tim se
ziskavaji dalsi Ciselna informativni data,
pouZitelnd pro rekonstrukci obrazd
postupné dalSich a dalSich vrstev
vySetfované tkane (obr.7).
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Obr. 7. Sklapéni magnetického momentu RF pulsem
do roviny, odli$né od vychoziho sméru a navrat k
nému za vydani signalu SE.
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Vyhod magnetické rezonance proti jinym
vrstvovym metodam je v radiologii cela
fada: proti CT, kde lze vySetfovat jen v
roviné priné (a zobrazeni v jinych
rovinadch je vysledkem pocitacové
manipulace s obrazem), v MR lze podle
nastaveni sméru (gradientd) béhem
vySetfovani ziskat obrazy v rozmanité
orientovanych rovinach a neni k tomu tfeba
manipulovat s nemocnym; metoda
nezatézuje nemocné ionizujicim zarenim;
Ize zobrazit i tzv. "mékké" tkané (na rozdil
od rentgenového zobrazeni), tedy kloubni
pouzdra, vazy, Slachy, svaly atd., které az
dosud byly k zobrazeni mélo dostupne.
Zobrazit Ize i kosti, by i ne zcela idealné,
protoZe jejich obsah vody (a tim protond) je
nizsi, takze intenzity ziskanych signald
jsou méné diferencované (2, 5, 7, 15, 16,
18). Metoda je také schopna zobrazit kostni
dien, coz zatim (s vyjimkou galiové
scintigrafie v nukledrni medicing) nebylo
mozné. Nevyhodou metody je jeji
nakladnost, dlouhé vySetfovaci ¢asy (nizky
"pratok™ nemocnych naroénym pfistrojem
- obr. 8) anemoznost, vy3etfovat pacienty s
magnetizovatelnymi kovy v téle
(pacemakery, kovové svorky, endoprotézy,
cizitélesaaj.)

anubguasdigirding pheadee

Obr. 8. Orientacni schéma hlavnich slozek zafizeni
pro tomografii magnetickou rezonanci. Pacient
(vlevo) lezi v prstenci zékladniho magnetu.

Takeé pfi MR vy3etreni Ize pouzit kontrastni

latky", ovSem odlisné chemické skladby,
nez v rentgenovém vySetfeni: musi byt
schopny ménit magnetické momenty tkané
(obsahuji predev§im prvky vzacnych
zemin, zejména gadolinium, Castecky
Zeleza apod.). Ortopedicko -
traumatologické indikace se postupné
ocitly na druhém misté indikacniho poradi
MR za neuroradiologii a maji tedy v
osteologii znacny vyznam.

(e) Ultrazvuk (UZ)

Diagnostika ultrazvukem vyuziva opét
zcela odlisny druh energie a to energii
mechanickou. Zvuk je pfedavan
CasteCkami hmoty ve formé vinéni, tedy
fetézem narazl molekuly na molekulu.
Zvuky vysokych kmitoctl, lidskym
sluchem nezjistitelné, mohou pronikat do
Zivé hmoty a diferencované se odrazet od
jejich struktur a ve formé ozvén (ech) byt
zachycovany a registrovany. Zdrojem
ultrazvuku a soucasné i zafizenim pro jeho
registraci je tzv. "krystal" (plvodné
skutecny krystal kremiku), ktery se
elektrickym proudem deformuje a tim
rozvibruje okoli, a naopak dopadem vibraci
po odrazu na néj se vzbuzuje elektricky
impuls ozvény (obr. 9).

hlaviee

— Ik opé
e -
a ozpdny rozhrani

Obr. 9. Wslani ultrazvuku ozvucovaci sondou, odraz
od zvukového rozhrani a pfijem ozvén sondou.

Proto se (a dnes vhodnéji, protoZe pravé
krystaly se uz nepouZzivaji), upfednostiiuje
termin "pfevadéc"”, jezto prevadi jednu
formu energie na jinou a tu opét zpét na
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pdvodni (12, 14, 16). Pro ultrazvuk jsou
kosti malo prostupné, a pfirozenou
pfekazkou jsou pro néj vzduch a plyny
(protoZe maji malo molekul pro pfedavani
mechanické energie zvuku). Ultrazvukem
se v3ak daji dobre vySetfovat mékké tkané,
jako jsou svaly, ligamenta, podkoZzi apod.
Jeho velkou vyhodou je, Ze nezatéZuje v
pouZivanych pasmech energie organizmus,
vySetfeni je ekonomické - zafizeni jsou
pomérné levnd v porovnani s dosud
uvadénymi metodami. Ultrazvukem lze v
omezené mife provadét i kostni
denzitometrii (viz dale). Jako kontrastni
latka se v ném pouZivaji systémy bublinek
plynu, rozptylenych v nosném prostfedi
(kupF. laktatech), protoze zvysuji
odrazivost. PFi vySetfovani pohybového
aparatu vSak zatim nemaji uplatnéni.

(f) Kostni scintigrafie

Podstatou tohoto vy3eteni je detekce
intenzity pfijmu osteotropniho
radionuklidu, injikovaného do obéhu,
kostni tkani. Radionuklidem se znackuje
intenzita remodelace kostni tkané. Jde tedy
0 vySetreni, které je vysoce senzitivni, ale
nespecifické pro diagnostiku druhovou.
Metoda je tedy pFedevsim vhodna jako
dopliujici k dosud zminénym
zobrazovacim postupdm. Pfestavbu totiz
registruje mnohem drive (na molekularni,
tedy submikroskopické drovni nez jsou
schopny dosud zminéné zobrazovaci
makrometody (4).

(g) Termografie

V diagnostice pohybového Ustroji se
termografie pouzivala k registraci v
hloubce uloZenych procesti (zanéty,
nadory, pourazové stavy aj.), stupfujicich
prokrveni; registruje se pfi ni infracervené
zareni, loZziskem vydavané. V souasné

dobé se v osteologii pouZivd jiz jen
ojedinéle.

(h) Kostni denzitometrie

Principem kostni denzitometrie je
proméfovani obsahu kostnich minerald v
jednotlivych kostech nebo jejich oddilech,
pfedevSim se zaméfenim na Casnéjsi
registraci jejich Gbytkd a s tim spojenych
rizik (fraktur). PFesnd denzitometrie,
provadénd vétSinou ionizujicim zéfenim,
omezené i ultrazvukem, vyzaduje u zareni
pokud mozno monoenergeticky paprsek.
Metoda totiZ sleduje priichod zareni kosti a
oslabeni paprsk{ - a to je zavislé na vstupni
energii zéfeni. Monochromatické zareni
poskytuji jen nékteré radioaktivni izotopy,
které ale nejsou dosti energetické, aby
prostupovaly vétSim objemem tkané (lze
méf¥it kupf. oblast radiokarpalniho kloubu).
Rentgenové zé&feni neni monochromatické;
aby se vznikla chyba vyregulovala, provadi
se méfeni dvojim nastavenim tvrdosti
zareni ("dual-energy scan™) a pocitaem se
koreluji dosazené dva odliSné vysledky. V
podstaté Ize provadét se specialnim
softwarem denzitometrii i s CT, které je v
principu denzitometrickym postupem.
Denzitometrie sice informuje o celkovém
obsahu mineral(l v proméfeném kostnim
oddile, ne vSak o kvalité jeho stavebni
struktury, coz by byl cenny Gdaj pravé pro
odhad rizika patologické zlomeniny u
osteoporozy v kritickych mistech (patef,
kréek femuru). Odolnost kosti neni totiZ
dadna zcela linedrné obsahem
mineralizované tkané. Presto v3ak lze
metodou sledovat pohyb (zvlasté Gbytek)
kostni hmoty a z ného odhadovat mozny
vyvoj arizika.

2. Morfologie patologické kostni
prestavby v rentgenovém snimku.
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Rentgenovy snimek je z&sadné nutno
posuzovat jako celek, tj. i ony €asti plochy,
které nejsou v popredi klinického zajmu a
pfedpokladané diagnézy. Postup méa byt
systematicky (8,13,17) atykéa se:

(a) postaveni a tvaru kosti jako celku:
var6zni? valgozni? deformace? skoli6za?
kyf6za? vzajemny vztah kosti? objemové
zmény?

(b) kortikalis: hutnota? tloustka? zuZuje se
smérem k epifyze? kontinuita? pfitomnost
periostalni reakce?

(c) spongidza: hutnota? vzhled trajektoril,
jejich neporusenost? ostrost struktur? Sife
drenové prostory?

(d) mékké &asti okoli: hutnota? tloustka?
kalcifikace? vypotek? cizi télesa?

(e) distribuce lézi. Léze mohou byt mono-,
oligo-, nebo polyostotické, tykat se stéle
stejnych oddill v riiznych koncetinovych
kostech - tzv. systémové postiZeni, kupf.
vétSiny epifyz, metafyz ¢&i diafyz
(nezaméfiovat tento termin s postiZzenim
kostry jako systému, kupF. metastazami).
(F) upfesnéni lokalizace léze: v podéIné ose
kosti od kloubu rozliSujeme akrofyzu -
(kloubni konec), epifyzu (kostni konec),
metafyzu (oblast pFfemény rlstové
chrupavky v kost) a diafyzu. V pFicném
rozméru se rozliSuji 1éze centralni,
excentrické, subkortikalni, kortikalni,
subperiostalni, periostalni a parostalni.
Zvlastni lokalizaci je vychodisko kloubni.

3. ZAakladni typy chorobné kostni
rekonstrukce

Zcela zékladnich typl prestavby kosti
jako tkané je jen pét, coZ je jednim z dGvodd
nesnadnosti kostni diagnostiky nékolika set
chorobnych stav(l (19). Prvé dva typy
dodrZuji jesté v zasadé plivodni usporadani
kosti na kortikalis a spongidzu; zbylé tfi ne:
(a) Defekt kostni tkané (beze zmény

velikosti atvaru, nebo se zménou),

(b) nadbytek kostni tkané (se zachovanim
plvodni velikosti kosti, nebo jejim
zvétSenim, tfeba jen mistnim),

(c) fibroosteoklazie,

(d) fibrozni dysplazie,

(e) Pagetova choroba kosti.

ad (a) defekt kostni tkané (osteopenie)
miZe byt zavinén zménou objemu Kosti
(vrozenou nebo i ziskanou, Kkupf.pfi
osteolyze), nebo Ubytkem kostni hmoty pfi
zachovani normalni velikosti a obrysu
kosti. Osteopor6za je kvantitativni snizeni
kostni hmoty pfi zachovani vzajemného
poméru organické matrix a kostnich
minerald. MUGZe byt lokéalni
(kupF.pourazova), nebo celkovd (z fady
pficin). Jako choroba je celkova
osteoporo6za definovana jako Ubytek kostni
hmoty, provazeny bolestmi v kostech a
zvySenym sklonem ke zlomeninam.
Rentgenologicky jsou pfi pordze struktury
kostni tram€iny profidlé, ale dobre
definovatelné, kortikalis ztenc€ena.
Osteomalacie, je nasledek metabolické
poruchy z fady moznych pfi€in a vyznacuje
se i kvalitativnim posunem v poméru mezi
matrix a mineralni kostni sloZkou, jejiz
nedostatek prevlada. Rentgenologicky se
kostni struktury vyznacuji snizenou
hutnotou a neostrosti kontur, az i dojmem,
jakoby byl snimek pozorovan pres mlécné
sklo. Wstupfiovany Ubytek kostni tkané
pFedstavuje osteolyza, kdy je odbourévéana
patologickym procesem kostni hmota ve
v8ech sloZzkach. Podle vzhledu se Casto
vyznamné lisi. Ostfe ohrani¢eny obvod s
jemnou sklerotickou reakci okolni kosti
provazi pomaleji progredujici osteolyzy
(ne vSak vzdy nutné benigni!), ostrou
konturu bez produktivni reakce maji
destrukce rychleji postupujici "vyZzrani
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moly", ukazuje na vice mistech probihajici
destrukci v menSich okrscich, jez je
diskontinudlni, pfi splyvani lozisek
vznikaji okrsky mapovitych destrukci a
rychle do délky kosti se SiFi, destrukce maji
nékdy disekujici vzhled, tj. mezi okrsky
destrukce zbyvaji loZiska nerozpusténé,
nékdy vSak nekrotické kosti; jde o projev
rapidni progrese procesu.

ad (b) Nadbytek kostni tkané se mlze
projevit jako okrsky zvySené hutnoty kupr.
spongiozy (spongioskler6za), pfi
nezménéném objemu a tvaru kosti, vrozené
i ziskang; pfi hyperostoze je loZiskové nebo
plosngji zvétSen objem Kkosti, nékdy s
deformaci tvaru. K hyperostéze vedou i
osifikace periostalnich reakci. Periost tvori
dveé vrstvy pojivové (tedy nekostni) tkang,
ktera vsak je osifikace schopna - nejdrive
vrstva zevni "vzdalengj$i" od povrchu
kortikalis. VVzhled periostalni nadprodukce
je rhzny (plosny, vrstevnaty, krajkovity,
spikula aj.), ale jednotlivé typy nejsou
vazany na urCitou vyvolavajici pFicinu tak,
aby z nich Slo bezpecné délat diagnosticky
zavéroni.

ad (c) Fibroosteoklazie je prvni ve skupiné
prestavbovych procesl, které zasadné
naruSuji obvyklou architektoniku kostni
tk&dné, tj. rozdéleni na kortikalis a
spongib6zu, i rovnovazny podil
jednotlivych tkanovych slozek. PFicinou
byva nadprodukce parathormonu, kterd
podporuje dekalcinaci kosti a to
univerzalni. Oslabeni nosnosti vede k
frakturam, krvéceni do nich a osteolyzam,
vyplnénym pojivem granulacni povahy,
prostoupenym makrofagy, hromadicimi
rozpadové produkty hemoglobinu.
Wystupfiovanou osteoklastickou resorpci
tedy provazi nahrada kostni tkéané

ménécennym pojivem (odtud nazev
pfestavby). Granulomy po krvaceni maji na
fezu hnédou barvu a spolu s pFitomnosti
obrovskych fagocytarnich bunék byly
néjakou dobu mylné povazovany za
osteoklastomy; nadorovou povahu ale
nemaji. Deformace kosti jako nésledek
profidnuti a subperiostalni resorpce
kortikalis a hojeni patologickych fraktur
jsou vedoucimi osteologickymi projevy
tohoto stavu.

ad (d) Fibrozni dysplazie

Etiologicky nevyjasnény prestavbovy
proces miZe byt monostoticky,
polyostoticky i generalizovany, jen
vyjimecné je provazen projevy koznimi
(skvrny barvy bilé kavy) a hormonalnimi
odchylkami ( pfedcasna pohlavni zralost uz
v détském véku) u tzv. McCune -
Albrightova syndromu. Pruhovita,
mapovita a loZiskova prestavba v rlizném
rozsahu meéni strukturu kosti na sklovité
prihlednou, s oslabenim Kortikalis z
endostélni plochy a cystoidné vyhlizejicimi
rozSitenymi okrsky, i deformacemi kosti,
se zvySenym sklonem k patologickym
zlomenindm. Obvykld kostni tkan je
nahrazovana neosifikujicim pojivem.

ad (e) Morbus Paget

Pagetova kostni choroba je posledni, zcela
odli$na patologicka prestavba kostni tkané,
monostotickd nebo polyostoticka,
charakterizovana mikroskopicky
mosaikovitou pfestavbou struktur,
pfirovnavanou Kk intarzii, nadhradou kostni
tkané neosifikujicim pojivem, zvySenou
poddajnosti a deformovatelnosti kosti a
sklonem k patologickym zlomeninam.
Vysoce prokrvena kostni tkan ma
prokazatelné wvy38i sklon k malignimu
vyvoji (osteogenni sarkomy, maligni
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fibrozni histiocytomy). Neni vylougeno, Ze
vyvolavajici pFi¢inou je virovy Kkostni
zanét.

ZAVER

Zobrazovacich postupl k prikazu
kostnich chorob je dnes k dispozici nékolik,
zékladnim vySetfenim vSak nadale zdstava
vySetfeni rentgenem, na jehoz vysledky
pak navazuji algoritmy dalSich, az po
ovéfeni stavu biopsii. Rentgenovych
projevll kostni prestavby je s ohledem na
vysoky pocCet primarnich i privodnich (a
Casto geneticky podminénych) kostnich
chorob velmi omezeny pocet a jen ve velmi
omezené mife z nich lze stanovit
jednoznacnou specifickou diagnozu a
vyvolavajici pFic¢inu, bez pomoci dalSich
vySetfeni klinickych, laboratornich,
histologickych, genetickych. Znalost
téchto zékladnich vychozich poznatkd je
pfedpokladem Gspéchu a radiodiagnostika
v ném nadale hraje vGid¢iroli.
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REVIEW

SCOLIOSIS CORRECTING BRACE

J. CHENEAU

39 rue des Chanterelles 31850 Saint Orens, France

SUMMARY

The author presents the brace he has
conceived. Eight mechanisms, four active
and four passive, help straightening
scoliosis, normalising together
radiographic features. They are Cobb's
angle, rotation, rib status and wedging.
Body shape also is normalized, getting
back symmetry and preventing hollow (or
flat) back. A simplification of the numerous
and complex mechanisms of bracing is
initiated. Short time results are similar to
the most recent and better series of the
world. Long term results are among the best
ones, and surely will still better owing to the
progresses made over the last decade.

Key words. scoliosis, bracing, expansion
rooms of brace, mechanism of
straightening hollow or flat back.

CURRENT STATE OF CORSET
TECHNIQUE

From 1987 to 1997, the technique
moved considerably (1 to 7). Quitting the
clavicular parts had unbalanced orthesis.
We had envisaged it, but had to yield at the
request of many patients and orthopaedic
Technicians. The problems which followed
could only be solved very slowly, in a
decade. Moreover, increasingly pointed
knowledge in pathophysiology as well as

the multiplicity of the interferences obliged
to adapt oneself constantly. In 1992, a bad
solution was imposed to us and
unfortunately imposed itself to many
people without our assent. We were obliged
to let introduce into the book of 1993 (4) in
German language a model which
comprised two hooks enclosing the
armpits. The left hook was rational, but the
right one was fully around a concave zone.
It hindered it and opposed itself to a
marvellous mechanism which is correcting
at the same time hollow back and thoracic
curve. Only with great efforts and however
very incompletely we could get that many
teams gave up this tempting but harmful
technical point. Thereafter, we developed a
simplified classification in two categories
of scoliosis and only two, the scoliosis with
three and those ones with four curves. After
having got rid of the clavicular clamp
effect, it was the pelvic clamp effect which
was released thanks to a daring asymmetry
of the girdle. Then a new clamp effect, that
one elective and wanted, was created in
order to reduce the greater diameter of the
obligue oval thorax. The precision obtained
in the control of the various zones made it
possible that almost all prominences of the
expansion rooms were no more present,
without any loss of their functions. They
had given origin to an eternal conflict,
being considered as ugly. As of now, we can
let them disappear completely, at the cost of
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a small reduction of efficiency on hollow
back. Inthe following lines, we describe the
mechanisms, of correction, passive and
especially active. We propose
improvements to future. We will make
share of statistics, certainly much lower
than those which will be reached later with
the models of today. We will outline the
description of the computer assisted
manufacturing. We suppose that the
nomenclature of zones is already known.

A PROOF OF ACTION OF THE
CORSETS (We dispose of other ones)

A ten and half years old girl was
introduced in 1997 to one of us with a
scoliosis which, in six months, had
worsened from 21 to 31° in a corset very
badly made. At this time, one could have
stated, that braces are ineffective. We often
had heard such a sentence. Orthesis then
was changed. In one year, the curve was
almost completely reduced. Cobb angle fell
in the vicinity of zero; rotation disappeared;
the ribs became again symmetrical and the
vertebral bodies lost their wedge-shape.
The body of the young girl had become
again absolutely normal, without hollow
back, without humps. Neither red nor a
fortiori brownish marks were present.
Patient believed she was cured and, at the
beginning of 2000, gave up the corset. A
repetition occurred immediately,
accompanied with a hollow back. We never
will correct it completely. Cobb angle now
counts 38°. What a damage! We should
have got a complete recovery. Owing
however to the severity of scoliosis in this
case, if no treatment had been made, final
angle should have reached more than 100°.
If no further error is performed, worsening

probably does not occur. Then this result
can be considered as a good and even a very
good one, notwithstanding the fault the
patient has committed.

MECHANISMS OF CORRECTION

The corset acts by eight listed
mechanisms. They are cherry-stone effect,
convex-concave tissue transfers, bending,
growth, breathing, movements, clamp
effect on the larger diameter of oblique oval
thorax, finally the secondary pressure on
the zones surrounding the right breast.

1. Just like the cherry-stone between two
fingers, the driven back tissues migrate
under the action of transverse pressures. By
ascoliotic patient, even if pressures are not
elective, they migrate upwards. That
corrects the scoliosis at a small rate. If
expansion rooms exist, then tissues migrate
upwards as well as towards those expansion
rooms. Then follows a good correction of
the scoliosis and a favourable remoulding
of the trunk.

2. Convex-concave  tissue transfers.
Pushed back by pressure parts, tissues
migrate towards all expansion rooms, and
electively towards one to three among
them. It matters that the whole team knows
exactly towards which of them they
migrate. There follows a sculpture of the
body. Team can direct it with full
knowledge of the fact.

3. The bending. Facing problems arising at
the left axilla, the school of Bad
Sobernheim had incited me to press more
and more towards the medial line in zone 3.
That caused a raising of left shoulder along
an arc of circle around pressure part 1,
without any push upwards. The thoracic
curve is remarkably corrected by it. This
rise releases the Th4 apex of the cervico-
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Figure 1. " cherry-stone " Effect. The pressure parts of
the corsets work in the vicinity of the waist. There are
tissues which migrate downwards. There they are
reflected upwards by the ground. There they double the
second component, upward, of " escape “. The escape
also is made toward flares and toward expansion
rooms. Shoulders pieces, rigid or flexible, have to be
banished, because they hinder the escape upwards
especially during growth.

Figure 2. Teenager (training course of China, 1999, scoliosis with three curves) hypercorrected under corset.
Notice the raising of the breasts, 7 cm on right side and of 9 cm on the left one, thanks to the cherry-stone effect, to
bending, to the raising of left armpit, 11 cm. Notice also the very asymmetrical shoulders. Three days later,
shoulders have returned symmetrical by self-correction. In the same way, her small neighbour (younger
colleague), scoliosis with four curves, is also hypercorrected and symmetric.

Figure 3. Cross section in D9. The migration of tissues by

bending, derotation and corrections on various highs requires a

considerable expansion distance ahead and on the right. There

are many and unforeseeable alternatives. Perhaps the solution
Fig. 3 will beitto fix a preformed strip before the right breast.
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horacic curve. That makes available
pressure part 3'. The scoliotic patient's
mother protests highly against this
asymmetry of the shoulders, but the patient
gets back her shoulder's symmetry within a
couple of days.

4. Growth, a serious factor of worsening by
untreated scoliosis, is an active factor of
correction under corset. The patient grows
upwards and in direction of the expansion
rooms.

5. Breathing, it also is a worsening factor
when scoliosis is not treated. The convex
lung breathes more. This fact increases the
hump every times inspiration takes place.
The corset reverses the phenomenon by
blocking hump inspiration and by
supporting concave one.

6. Any movement has a component on the
level of the rachis. Untreated, the patient
has short, therefore powerful concave
muscles. A lever arm tends to worsen the
scoliosis every times a movement is made.
The corset restores the balance.

7. The larger diameter of the oblique oval
thorax is taken in clamp between posterior
right pressure pad 1 and all anterior left
pressure parts surrounding left breast. This
diameter decreases, and the smaller
diameter, which spreads from the right
breast 7 to the left dorsal area 5 (that of the
hollow back), increases.

8. Secondary support 7. The depressed,
concave area surrounding the right breast 7
migrates upwards, forwards and towards
right side under action of cherry-stone
effect, bending, and other forces of escape.
This migration has to be anticipated. We
create a broad and deep expansion room, 7
cm. The patient however leans immediately
on this anterior part of brace. He usesitas a
secondary pressure part for correcting
hollow back.

LOGISTICS OF THECORRECTION

All primary pressure parts and the
secondary pressure part around breast 7
form three horizontal semicircular lines
connected to one another by a long vertical
line. Lower, there is a system which ensures
the translation of the iliac crests in one or
another directions according to the
category of scoliosis (see later). Each
circular line stretches on approximately
two thirds of circle and is atan apex level.

The high semi-circular line stretches
from the relief of the muscle pectoralis
major to the medial edge of left scapula. It
is a part of the forces reducing the larger
diameter of the thorax, derotating the
cervico thoracic curvature, and inducing
bending.

The middle thoracic semi-circular line
takes part in correcting the thoracic curve,
in derotating it toward left side and in
mastering hollow back.

The lumbar semi-circular line takes
partin correcting and derotating the lumbar
curve aswell as reducing lumbar kyphosis.

The anterior vertical pressure line
reduces the greater diameter of thorax.
Thanks to great expansion rooms, it ensures
an effective dodging, replanning the body
in the direction of normality and not, like
what occurs for less precise techniques, of
iatrogenic deformations.

Figure 4, the body of this two years old
boy, whose scoliosis is very serious (50°
Cobb), has been sculptured again as well as
possible after two years of treatment (20°).
Five years later, a loosening of adapting has
lead to a light worsening, compared with
primary state, but it remains an excellent
result. We endeavour to perfect it again.
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| Fig. 4
Figure 4. The body of this two years old boy, whose scoliosis|
is very serious (50° Cobb), has been sculptured again as wellf
as possible after two years of treatment (20°). Five years later,
a loosening of adapting has lead to a light worsening,
compared with primary state, but it remains an excellent]
result. We endeavour to perfectitagain.

Figure 5. Left, the vertical line stretches from muscle pectoralis major 12 downwards to the jundtion of bony ribs
with rib cartilages. High Semicircular line 3', the apex of which being Th4, and low semi circular line 1', apex L2.
Lower, left expansion room 14 G and 16. It collects the migration of the iliac crests. Right, middle thoracic
semicircular line 1-7-43, and lower, pressure parts 37 and 41 which push iliac crests towards the expansion room 14
G-16. Large abdominal window.

Figure 6. View of a computer screen (Enterprise CCTEC):
cross-section in L3-4, scoliosis with four curves. The
37 symmetrical contour is that one of a basic shape. Deviated
contour is that of the future mould. Overloaded in fatty feature,
the corset. Pressure parts 37 and 49 exert an “elective Cherry-
18 stone effect", pushing back iliac crests towards the expansion
room 14G-16. In synergy, pressure parts 14 D (higher) and 41

140 D (onthe glutei, lower) are not visible on this image.

Fig. 6
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Figure 7. Some short time results. Documents transmitted by the team of Minsk.

Figure 8. Long term results of Dioctor Landauer (Innsbruck, Austria). The necessary time run after the last
examination of patient makes, that result of to-day shall be much better, owing to the progresses which have been
made in making and maintaining braces.
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SIMPLIFICATION

Obsolete concepts

Considering the extreme complexity of
the scoliotic deformations, it was necessary
to prune, to preserve only the concepts
useful for the processing orthesis. Here are
some of the concepts of which we do not
hold any more account. 1. Osseous age, in
particular Risser, is of no use since often
scoliosis starts before it appears, and since
it never gives an indication to cease
treatment. In adolescence scoliosis, such a
light and comfortable corset must be
carried, by night, unto the age of twenty one
years. In addition, Risser often is not visible
on radiographies which the radiologists
increasingly deliver to us with very limited
surfaces. 2. The type of curve, structural or
of compensatory, does not enter in account.
All the curves must be treated the same
way, even those which do not yet exist, but
will appear under influence of the pressure
parts. Team knows those details. 3. The
degree of curve also does not intervene.
Flexibility of tissues is the only factor
which has to be taken in account. 4.
Imbalances are unstable from one moment
to one another. We do not take them in
account, and create en intentional
imbalance toward right side. 1995 were
attempts taken to suppress the huge left part
of pelvic girdle. But at this time, many
problems were present and hindered to
succeed. Another attempt was made in
Latvia in October 1997, and seemed to be
successful. Now we have heard of some
teams which continue to carry on essays.
We wait eagerly for the first results.

Unity of treatment of the thorax,
duality for the pelvis

At thorax, the processing is almost
identical whatever the type of scoliosis is

present. There is a notable difference
between the position of the pressure parts
according to whether apex is in Th7 or
Th12. But it hardly is some, for example,
between Th8 and TH 10. The choice of the
position of pressure part depends more on
the obstacles, in particular of the root of the
arm. But for the relatively high scoliosis
(Th. 7-8), it can be necessary to lengthen
upwards the pressure part after a few days
or weeks by fixing a small upholstered part
of polyethylene. By an apex between Th.9
and 11, the results are most brilliant. They
last, contrary to the statement of others
schools (8), but provided that the corset is
carried by night until the age of twenty one
years. When apex is Th.11-12, pressure part
has to be on its level. But then left axillary
pressure part 3' has to be less high, Thé.

In the lumbar and lombo-sacral
regions, there are two very distinct if not
opposed shapes of corsets.

The first kind of scoliosis in the lumbo
pelvic region is called “three curved
scoliosis”.  There is a cervico-thoracic
curve; there is a thoraco lumbar curve, the
apex of which being in Th9to Th 12. There
is a lumbo-sacral curve. lliac crests are
salient at left side.

The second form of scoliosis
comprises four curves, one moreover. It is
centered between L1 and L2-I3. It is
necessary to press there, a little from left
toward right and much from back forward.
This corrects the lumbar curve and at the
same time associated lumbar kyphosis.
Lower, there is a lombo-sacral right curve.
The iliac crests are salient at right side.
They are pushed towards the left, where a
very bulky expansion room 14G-16 is
managed (Fig. 6).

In the cases of the scoliosis formerly
known as “thoracic monocurved",
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classified 3 by King, one hesitated until a
recent date. The iliac crests are not
projecting on the left, which would
characterize a " three curves . They are not
salient on the right, which would indicate a
" four curves ". At present, one bases
oneself on the lowest vertebra tilted in the
direction of the lower slope of the thoracic
curve. If L2 is tilted, it will be a " four
curves” and if L2 and L3 are tilted, it will
become a " three curves . In the first case,
one pushes the iliac crests towards the left
and in the second, towards the right sides

Computer aided manufacturing of brace

The sum of knowledge required to
manufacture a corset on plastered
individual mould is so enormous that no
hope is allowed to see a generalization to
many workshops by this means. It seems
that informatics is finally fit for use.
Manufacture will be the fact of a central
factory. The technician of proximity,
released of the scraping of the plaster, will
be able to concentrate on the noblest part of
his task, application at the time of the
delivery, then maintenance. That requires a
very thorough knowledge although a little
different from this one required for
manufacturing a brace on a plaster mould.
Far from being supplanted, the Technicians
who live near the patient will get a great
plus while holding the noblest part of their
work, relations with patient.

Some results

A series of files of patients has been
sent to me by Professor Tessakov of Minsk
(Fig. 7). The average short term correction
was of 63,50 % among patients between 31
and 45°. Average starting angle was 37° and
average better angle under corset was 50 %.
The remainder of the patients showed a

remarkable homogeneity in the rates of
correction, better for the less severe
scoliosis, less for more severe ones. These
results are identical to the best ones that |
have seen published in world series. In
1999, Doctor Landauer of Innsbruck
presented a long-term series, two years
after suspension of the treatment (Fig. 8).
The type of corset then used being an old
one, ten years because of the necessary
retreat, future statistics made with braces of
to-day will be far better. Otherwise, Doctor
Landauer followed then the currently
known precepts which wanted that one
stops the processing as soon as the iliac
crests were grown up. Let us point out that
the corset must be carried until the age of
twenty and one year. Doctor Landauer
does so now. His next series will be
certainly comparable with that bielorussian
one and with the better series of the world.
And in our system, there are expansion
rooms, which we never seen realized as a
whole inany other series.

CONCLUSION

To summarize, our systemis based ona
combination of bending and three points
systems, with eight passive and active
mechanisms of correction. Most important
are deep and broad hollow places to ensure
the escape of tissues in convex-concave
direction. There are constant progresses
that ensure future results still better of those
ones of today.
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REHABILITACNI CVICENI JAKO TERAPIE |
PROFYLAXE TZV. IDIOPATICKE SKOLIOZY

T. KARSKI

The Orthopedic University Children’s Department, Lublin, Poland

UvoD

Prof. Tomasz Karski, MD, PhD,
pfednosta univerzitniho ortopedického
détského oddéleni, Lublin, Polsko
prezentoval poprvé sva pozorovani
tykajici se etiologie tzv. idiopatické
skoliézy na Ortopedickém kongrese v
Szegedi v ¢ervnu roku 1995. Dale své
poznatky Sifil na Cetnych svétovych
kongresech, sympoziich a klinikach.
Jeho teorie vzniku tzv. idiopatické
skoliézy a principy nové léCby byly
pfijaty a Zadany Sirokou vefejnosti.
Mladi ortopedi a rehabilitacni Iékafi v
Polsku po sezndmeni s novou moZnosti
léCby a zacali ji aktivné vyuZivat v praxi.
StarsSi Iékari, ktefi po mnoho let I&Cili
skolidzu chirurgicky, pfistupuji k nové
metodé konzervativné. Ortopedickd a
rehabilitacni oddéleni, pouZivajici novou
metodu 1éCby tzv. idiopatické skoli6zy,
potvrzuji jeji efektivitu patrnou po
nékolikamésicnim cviceni (Bydgosz,
Polsko).

METODIKA
Sledovany soubor tvofilo 400 pacientd,

prevazné divek, ve véku od 4 do 17 let. V
prvni skupiné byli mali pacienti (4 - 10 let

stafi) s mirnymi kfivkami (10 - 30
stupiid) prevazné dosud nelécenymi.
Druhd skupina se skladala ze starSich déti
a adolescentd (11 - 17 let) s
progresivnéjsi skoliozou (30 - 60 stupiid)
[éCenou v minulosti nespravnym
cvicenim (extencnimi cviky). VSichni
tito pacienti podstoupili nova nize
popsanad cviceni. LéCeni a sledovani
pacientlitrvalo 1- 3roky.

CiL REHABILITACE

Hlavnim cilem terapie je dosazZeni stejné
addukce obou kycli v hyperextencni
pozici  tj. odstranéni jednostranné
abdukéni kontraktury. Odstranéni
abdukéni kontraktury vede k
symetrickému pohybu ky¢li, panve a
patefe béhem chlize a pfi stani na pravé
(CastéjSi postoj na zakladé skoliotického
zakfiveni lumbalni patefe vlevo a hrudni
vpravo) a levé noze (pfi tomto stoji
dochazi ke korekci skoliozy). Po
srovnani pohybu obou kycli nastane
symetrie zatéZe a symetrie rlstu v
komplexu panve, kosti kfizové, bedernia
hrudni pétefe. U pacientli, ktefi maji
bederni levostrannou skoli6zu a
pravostrannou hrudni skoliézu je cilem
IéCby odstranéni kontraktury na
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konkavnich strandch obou skolioz tj.
vpravo v bederni ¢asti patefe a vlevo v
hrudni €asti patefe.

DalSim cilem léCby je odstranéni flekéni
kontraktury obou kycli (zvlasté pravé),
kterd se vzdy pfidruzuje v mirné formé k
abdukeni kontraktufe pravé kycle.
Natahovani extensorl (extensores
trunci) je zamérem realizovanym béhem
kazdého redresniho (protahovaciho)
cviceni ve druhé fazi extencniho pohybu,
kdy dochazi k aktivni préaci svald.
Mimoto kazdodenni Zivot, fyzicka
aktivita a sport dostatecné posiluji svaly.
Déti a dospivajici se skoli6zou by neméli
byt osvobozovani od télocviku ve Skole
(coz se, bohuzel, stale déje v Polsku) a
zcela opacné by méli byt nabadani, aby
sportovali - nejlepSim pohybem pro né je
taekwondo, aikido, joga, protoZe
zahrnuji protahovaci cviceni.

Déle uvedena cviCeni by méla byt
aktivng provadéna v obdobi rlistového
zrychleni, nebot’ zejména v tomto obdobi
kontraktura pravé ky€le vyznamné
naruuje symetrii rlistu panve a patefe
(kosti rostou rychle a kontraktura pravé
kyCle je fixni).

Z&Kladni cviceni

1) Cviceni k odstranéni abdukéni
kontraktury pravé kycle (odstranéni
primarni pFiciny skolidzy)

Dité lezi na levém boku na kraji lehatka,
prava kyCle je v hyperextenzi, pravanoha
je volné visici vzad pres okraj lehatka.
Pfed timto cvifenim je vhodné prohfat
oblast pravé kycle. Doba této lécby je 1-2
hodiny denné. U malych déti (4-8 let) by
méli s redresnim cvicenim na protazeni
abduktor( pravé ky¢le pomahat rodice.
2) Cviceni k odstranéni flek&nich
kontraktur obou ky¢€li (zvIaste pravé)

Dité leZzi na bfiSe, ob& kolena jsou
maximalné ohnutd a paty pritazeny k
hyzdim. Pfed timto cvi¢enim je vhodna
termoterapie predni Casti obou kycli.
Délkacviceni denné je téZ 1-2 hodiny.

3) Cviceni k udrZeni volnosti a pIné
flexibility patefe (hrozi nebezpeci
ztuhlosti patere v oblasti Th7-Th12).
Pacient se ohne maximalné do predklonu
a vydrzi po dobu 4-6 sekund. Toto se
opakuje 50 - 100 - 200 x denné. Pred
cvicenim je vhodna termoterapie zad.

4) CviCeni k odstranéni kontraktury
konkavni strany bederni skolidzy.
Maximalni pohyb do predklonu a vlevo:
100 - 200 x dennég, vydrZ v maximalnim
Uklonu 4-6 sekund. Pfed cviCenim je
vhodnétermoterapie.

5) CviCeni k odstranéni kontraktury
konkavniho zakfiveni hrudni skolidzy.
Maximalni predklon a rotace hrudniku
vpravo, 200 - 300 - 400 x denné, s vydrzi
v maximalnim protaZeni 4 - 6 sekund v
kazdém hmitu. Pfed cviGenim opét
prohfati zad.

Vsechna cviteni mize dité provadét
kdykoli béhem dne, staci volny odév a
silna vile. Délka lé¢by a pocet
jednotlivych cvikd by mél byt uréen
ortopédem.

Pridatnacviceni

Tato cvi¢eni mohou byt provadéna doma
nebo v télocvicng, jednotlivé Ci ve
skuping. Cviceni jsou v sedu €i v kleCe, a
proto jejich vyznam je menSi nez u
cviceni predchozich.

1) Dité sedi v sedu roznozném

- predklani se vpfed s natazenymi
pazemi,

- predklani se vpfed a vlevo s natazenymi
pazemi,

42

LOCOMOTOR SYSTEM VOL. 9, 2002, No. 1+2



- predklani se vpfed a vpravo s
natazenymi pazemi.

V kazdé maximalni pozici je tfeba
vydrzZet 10 - 15 sekund Ci déle.

2) Dité sedi na patach

- predklani se wvpred v natazenymi
pazemi,

- predklani se vpred a vlevo s natazenymi
pazemi,

- predklani se vpfed a vpravo s
nataZzenymi pazemi.

V kaZzdé pozici je tfeba vydrZzet 10 15
sekund Ci déle.

3) Dité sedi v tureckém sedu

- predklani se vpfed v natazenymi
pazemi,

- predklani se vpred a vlevo s natazenymi
pazemi,

- predklani se vpfed a vpravo s
natazenymi pazemi.

V kazdé pozici je tfeba vydrzet 10 - 15
sekund Ci déle.

4) Dité ze sedu na patach prejde do sedu
vedle pat, pohybuje hyzdémi vpravo
(1éCebné pozice k odstranéni kontraktury
pravé kycle a kontraktury konkavni
strany bederni skoliozy),

pohybuje hyzdémi vlevo (odstranéni
kontraktury konkavni strany hrudni
skoliézy, pokud je pfitomna).

VydrzZ v 1é¢ebné pozici by méla byt 30 -
60 sekund i déle. Délka lécby a pocet
jednotlivych cvikli by mél byt uréen
ortopédem.

Jednoduché cviceni pro kazdy den

1) Stani na levé noze (pravé koleno je
pokr€eno, ale chodidlo pravé nohy
zlistdva na zemi. Vaha celého téla je na
noze levé). Mélo by byt praktikovano pfi
kazdé pfilezitosti, kdy si toto cviceni dité

Cirodice uvédomi.

2) Sténi s pfekfizenim nohou

Prava noha je v hyperextenzi za levou.
Mélo by byt praktikovano pfi kazdé
prilezitosti, kdy si toto cviceni dité Ci
rodi¢e uvédomi. Podminkou jsou dobre
vyvinuté kycle vy3etfené Kklinicky i
rentgenologicky.

DISKUSE AZAVERY

NaSe pozorovani prokézala
efektivnost vySe zminénych cviceni. U
malych déti s malymi k¥ivkami (4 - 10 let,
odklon od osy 10 - 20 st.) jsme pozorovali
Uplné vyrovnani péatefe do osy anebo
vyznamné zlepSeni po 2 - 3 leté 1écbé. U
starSich déti (11 - 17 let) doslo k zastaveni
progrese skoliozy a nékdy mirnému
zlepSeni osy péatefe po 1 - 3 letech cviceni
u 80 % pacientd, ktefi poctivé dodrZovali
doporuceni Iékafd. TEéméF stejna cvideni
byla popsana dr. Tomaszewski a
Poppovou (1992) a toto potvrzuje jejich
intuici, protoZze ony jeSté neznaly
etiologii idiopatické skoliozy a jimi
doporucovand cviceni méla Uspéch.
Nékdy doplikové také pouzivame
nékteré ortopedické prostfedky
(Parezynski dlaha), zatimco ostatni
lékafi uzivaji korzety exkluzivné jako
hlavni 1éCebny prostfedek (Quagliarella
and coll., Aubin and coll.).V8echna nase
posledni pozorovani nas utvrzuji v
presvédceni, Ze dosud vefejnosti
doporu€ovana protahovaci cviceni
vedou ke zhorSeni skoliézy. Obdobny
nazor byl prezentovdn Malawskim
(1994). Posilovani musculi extensores
trunci, stejné tak jako pfi napinani tétivy
luku, zhorSuji krivku skoliézy a
zplisobuji extenéni kontrakturu patefe.
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Tato cviceni jiZz nesmi byt vice
doporucovana. NaSim cilem v Polsku je
odstranit tuto zaZitou nespravnou lécbu.
Prokazali jsme, Ze nelécena skoli6za je
lepSi nez Spatné IéCena skoli6za. Cviceni
nova, vyse popsana, jsou naopak prinosnou
av Casném stadiu profylaktickou Ié¢bou.

Podle plvodni prace The rehabilitation
exercises in the therapy and prophylaxis of
the so-called "idiopathic scoliosis”, Acta

Orthopaedica lugoslavica, 29, 1998, No.1,
p.5-9.

Adresa

MUDr. O. Marikova
Ambulantni centrum pro vady
pohybového aparatu

OlSanska 7

130 00 Praha 3
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SOUBORNY REFERAT *

REVIEW

CHODIDLO A JEHO VZTAHY. o
POHLED KINEZIOLOGICKY, REHABILITACNI,
MYOSKELETALNI A JINE

J. VOTAVA

Klinika rehabilitacniho Iékafstvi 1.LF UK, Praha,
Prednosta doc. MUDT. JiFi Votava, CSc.

uvoD

Cilem tohoto pfispévku je zminit
nékteré souvislosti, tykajici se
problematiky chodidla, z hlediska
rehabilitacniho lékare, ktery se téZ zabyva
klinickou neurofyziologii, kineziologii,
myoskeletalni medicinou a aplikaci jogy v
rehabilitaci. Jde pouze o struny pFehled,
kazdé niZze zminéné téma by si zaslouzilo
samostatny ¢lanek. Na Gvod chci zddraznit
vyznam celého pohybového Ustroji, jehoz
soucCasti chodidlo je, pro lidsky
organizmus. Prakticky pouze
prostfednictvim pohybového Ustroji mdze
jedinec projevovat svou aktivitu. Pohybové
Ustroji také predstavuje nejvétsi ¢ast télni
hmotnosti, takZze i biomechanické vlivy
pdsobi predevsim jeho prostrednictvim.
Konecné ma lzky vztah k ostatnim télnim
organdim a systémlm, na prvnim misté k
dychani.

Samotné chodidlo pak ma vyznamné
funkéni vztahy v rdmci dolni kongetiny i
celého téla. Tvofi ddlezity predpoklad pro
zachovani rovnovahy ve stoje, pfi chiizi a
dalSich odvozenych pohybech. Podobné
jako dlan je ploska vyznamnou soucasti
aferentace, kterd je v3ak noSenim obuvi
zC4sti utlumena.

A) CHODIDLO JAKO SOUCAST
REFLEXNICH VZTAHU NA DOLNI
KONCETINE

Velka &ast pohybld dolnich kongetin
(DK) mé prevazné reflexni povahu. Tyka
se to stoje, chlize, vstavani, udrzovani
rovnovahy. Pfi téchto pohybech je vzdy
vyznamna role chodidla. VV3echny svaly od
kolena distalné jsou odpoveédné za jeho tvar
a postaveni. Déale jsou uvedeny nékteré
zékladni mechanismy, plsobici na dolni
konceting, na nichz se chodidlo vyznamné
podili.

1) DK ma vyrazné vyvinuty princip
reciproCni inervace, podstatné vice nezli
koncetina horni. Reflexné se aktivuji
agonisté (napf. extenzory) a tlumi
antagonisté (flexory), na opacné DK se
tlumi flexory a aktivuji extenzory. To
odpovidd mechanizmu chlize, ale také
obranné trojflexe, kdy jedna koncetina se
flexi vzdaluje od bolestivého podnétu,
zatimco druhd extenzi zajist'uje stoj.

2) Myotatické reflexy, ve starSich
ucebnicich oznaCované jako "Slachové
okosticové" a jeho varianty. Jde o
nejjednodussi reflex, tedy
monosynapticky, protoze jeho reflexni
oblouk obsahuje pouze jednu centralni
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synapsi. Nazev "myotaticky" znamena, Ze
je vyvolany prudkym protaZzenim svalu.
Tyto reflexy jsou vybavovany neurologem
poklepem kladivka na Slachu pfisluSného
svalu. Na dolni koncetiné jsou vybavné
pfedevsim v extenzorech (m. quadriceps,
rn. triceps surae). Jsou oznacovany podle
mista poklepu: reflex patelarni, reflex
Slachy Achillovy. Ve svalu dochazi k
podrazdéni priméarnich zakonceni
svalovych vietének. coZ vede k podrazdéni
motoneuront tohoto svalu a tim dojde k
jeho stahu. Nejde tedy o drazdéni receptor(i
ve §lase Ci okostici, jak by jejich pdvodni
nézev naznacoval.

Tak zvané "flekéni pyramidové jevy
iritacni", vybavované reflexnim kladivkem
na chodidle (Rossolimo, Kornilov-
Zukovskij, Mendel-Bechtérev), jsou také
reflexy myotatické, vyvolané pFi centralni
hypereflexii v drobnych flexorech prstd.
Podrazdéni priméarnich zakongeni vietének
plsobi kromé protaZeni svalu i vibrace,
kterd se na sval od mista Uderu kladivka
prendsi. Tim lze vysvétlit tzv. rozsiteni
z6ény vybavnosti reflexu.

Facilitatni plsobeni ve smyslu
monosynaptického reflexu je dllezZitou
reflexni soucasti vSech pohybl na dolni
koncetiné. Kladivkem vybavovany reflex
je v8ak artefakt, ktery vznika
synchronizovanym podrézdénim vétSiny
primarnich zakonceni v daném svalu a jako
soucast skutecnych pohybd se nevyskytuje.

3) M. soleus m& mimoréadné postaveni
v reflexologii dolni koncetiny jako
nejposturalnéjsi sval. To Ize demonstrovat i
fylogeneticky. Rada zvifat, napf. kiifi chodi
"po Spickach" a soleus toto postaveni
udrzuje. Proto se v soleu jako jediném svalu
nachazi i béhem relaxace H reflex
(oznaCovany podle svého objevitele
Hoffmana), ktery se vybavuje elektrickym

podradzdénim n. tibialis v podkolenni
jamce.

Dalsi reflexni projev - klonus - lze
nejCastéji vybavit na chodidle, pficemz je
hlavni sval opét soleus, zatimco mm.
gastrocnemii se na stahu zUcastni
minimalné. PFi protazeni chodidla do
dorzalni flexe doch&zi k opakovanému
reflexnimu stahu. Jde o vyznamny pfiznak
spasticity. Klonus mlZe byt bud trvaly,
ktery pokraCuje po celou dobu protazeni
svalu, anebo doznivajici (nepfesné
oznacovany jako "pseudoklonus™). Doba
trvani klonu zavisi na Uhlu ohnuti v koleni.
Pfi maximdlni flexi nastavd kratky
doznivajici klonus, pfi postupné extenzi se
trvani prodluzuje, dochazi az k trvalému
klonu, pfi pIné extenzi v koleni nékdy
nastava opét Gtlum klonu. Dlvodem je
podil protazeni gastrocnemiu, ktery se
béhem extenze zvétSuje a drazdéni jeho
primérnich zakonceni prispiva k aktivaci
stahu v soleu. Pfi maximalni extenzi je
Casto naopak zamezeno protazeni soleu,
Klonus chodidla ma vyznam nejen
diagnosticky, ale mdze mit vliv na kvalitu
chlize. U spastické parézy totiz byva
vyvolavan pfi chdzi po schodech nahoru,
kdy zatiZzenim kongetiny dojde k protazeni
m. triceps surae v semiflexi.

4) Obranna troj(ctyP)flexe a jeji
modifikace.

PFi podrazdéni bolestivym podnétem
na plosce Ci jiné akralni ¢asti DK dojde k
aktivaci flexorl a Gtlumu extenzorl, na
druné DK opacné. Tento vyznamny a
intenzivné plsobici reflexni vztah mlze
byt modifikovan v tom smyslu, Ze pfi
bolestivém podrazdéni kGze nad
extenzorem (napf. m. triceps surae) nastane
stah tohoto extenzoru.

Musime si uvédomit, Ze plantarni
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flexory chodidla a prsti na DK, tedy rn.
flexor digitorum brevis, longus i rn. triceps
surae jsou funkEné extenzory, protoze
prodluzuji funkéni délku DK! Proto pfi
drazdéni stfedu plosky nastava plantarni
flexe palce jako modifikace zékladniho
vzorce Ctyfflexe, kterd nastava pfi
bolestivém drazdéni briska palce.

5) Pfiznak Babinského jako pravy
pyramidovy pfiznak. PFi poruse
pyramidové drahy dochazi k poruseni vyse
popsané modifikace a pfi nociceptivnim
podrazdéni plosky nastava Ctyfflexe v
zakladni, nemodifikované verzi. Dojde
tedy k dorzalni flexi palce, coZ je popséno
jako vyznamny projev centralni parézy, tzv.
pfiznak Babinského.

6) Pokles chodidla u hemiparézy.

Dusledkem centralni parézy je kromg
vlastniho ochrnuti i svalova nerovnovaha.
Nastava pfevaha rn. triceps surae oproti
mm. tibialis anterior. Proto je chodidlo v
typickém ekvinovaroznim postaveni, které
je zplsobeno nejen spasticitou m. triceps
surae, ale i utlumenim m. tibialis anterior.
Pacient proto o Spicku zakopava, nebo
posouva dopfedu nohu obloukem (tzv.
cirkumdukce).

Modernim zplsobem Upravy této
situace je nejbéznéjsi aplikace funkcni
elektrické stimulace (FES). Kapesni
stimulator vyvola podrazdéni n. peroneus
pfi Svihové fazi kroku. Dasledkem je
dorzalni flexe a everze chodidla, tedy
priblizeni se k fyziologickému vzorci
chlze. Navic nastava facilitace
stimulovanych svall a Gtlum spasticity v
jejich antagonistech.

B) VYZNAM SENZITIVNICH VLIVU
ZPLOSKY

Ploska je obdoba dlané, jak uz
napovida histologicka stavba jeji kdize. U
zvitat je mensi rozdil mezi dlani a
chodidlem nez u lidi. Pfesto je aferentace z
plosky u vétsiny osob velmi ddlezZita.
Prikladem osob, u nichz je tento vyznam
potlacen, jsou amputovani na DK a
vozickari, ktefi tuto aferentaci nepouzivaji.
U nékterych postiZzenych, napf. s détskou
mozkovou obrnou, je béznd "chlze v
kleku", kde hlavni podnéty prichazeji z
oblasti kolen. Naopak zvySeny vyznam ma
aferentace z plosek u nevidomych, ktefi i
timto zpdsobem ohmatéavaji prostor. V fadé
zemi, napf. Japonsku, jsou proto na
chodnicich umistény keramicke dlazdice se
vzorkem jako orientace pfi chdizi. Carky na
dlazdicich ve sméru cesty znamenaji "jdi",
teCky "zastav se" napf. u prechodu ¢i u
schod(. Pro udrZeni polohy téla v prostoru
je béhem stoje dllezita rovina chodidel a
rovina o€i. Zbytek téla méni polohu mezi
nimi. Proto jsou dllleZité podnéty zrakové a
taktilni podnéty spolu s informacemi z
rovnovazného Ustroji a s propriocepci pro
udrzZovani rovnovahy ve stoje.

Tyto podnéty se podstatné zvyrazni pfi
chlizi naboso, kdy se z oblasti chodidla
zvyrazni nejen podnéty taktilni a
proprioceptivni, ale také proménlivé
podnéty algické a termické, které obuv rusi.
Dusledkem je jemngjsi naSlapovani a
intenzivngjsi prozivani chdze. To je
uzite€né napf. pro osoby s artrozou ky¢li €i
pfi totdlni endoprotéze. Sam mam
oboustranné endoprotézu kycle a velmi se
mi osvédCilo chodit bos na zahradé a v
pfirodé od jara do podzimu. Vnimani a
prozivani chlze se také zvyrazni pfi
kratkodobé chdizi poslepu. Pochopitelng
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tato doporuceni neplati pro ty, ktefi maji
chodidlo deformované nebo maji sklon k
trofickym zménam a kazdé drobné
poranéni by pro né bylo rizikem. Chizi
naboso v rose jako prostfedek pro aktivaci
celého téla o otuzovéani doporucoval jiz
lidovy léCitel pater Knap. Specificky
prispévek k vyznamu chodidla pfinasi
akupunktura. Sest ze 12 parovych
akupunkturnich drah zacind ¢i konCi na
chodidle, z toho jenom jedna na plosce. |
tato empirickd zkuSenost je dlkazem
bohaté aferentace a reflexnich vztahi
chodidla. Na plosce je také popisovan
mikroakupunkturni systém, tedy projekce
celého téla. Podle této pfedstavy ovliviiuje
drazdéni jednotlivych ¢asti chodidla
mozek, smysly, celé pohybové Ustroji i
vnitfni organy.

K modifikaci aferentace z oblasti
chodidla dochazi také pfi jogovych
cvicenich. PFi klasickém lotosovém sedu
jsou hrbety chodidel opfené o opacna
stehna a plosky jsou vytocené smérem
vzh(ru. P¥i rovnovaznych polohach ve stoji
na jedné noze se cvicici soustfeduje na
podnéty, pfichazejici z chodidla. Naopak k
vyfazeni podnétd z chodidel (i o¢i) dochazi
pfi obracenych polohéach (stojka, svicka) a
poloha je udrzovana Cisté na zakladé
proprioceptivnich informaci. Konecné je
mozno pfipomenout Uchopovou funkci
chodidla u amputovanych na HK.
Pfedpokladem je nejen trénink vlastni
senzorické a motorické funkce chodidla,
trénink propriocepce, ale také udrzeni
zvétSeného rozsahu pohybu v kycli.

C) PRISTUP MYOSKELETALNI
MEDICINY K CHODIDLU

Ceska $kola myoskeletalni mediciny,

zaloZend prof. K. Lewitem, rozpracovala
princip funkénich poruch, jejich
diagnostiky a l1é¢by. To se tyka nejen oblasti
patefe, ale i tzv. perifernich kloubd na
koncetinach. Vzhledem k tomu, Zze
pohybovym Ustrojim a podologii se
zabyvaji rlzni odbornici, z nichz néktefi
neprodli kurzy myoskeletalni mediciny a
nemaji tedy s timto pfistupem zkuSenost,
povazuji za uZziteCné tento pFistup
pfipomenout.

Podobné jako na paétefi jsou
nejbéznéjsi funkéni poruchou na
koncetinach funk&ni kloubni blokady. U
chodidla souviseji s plochou nohou i s
¢astym jednostrannym statickym
pfetéZovanim a projevuji se predevsim
mistni bolesti. Proto se vySetfuji a
nejCastéji mobilizaci odstrafiuji blokady
interfalangealnich, metatarzofalangealnich
kloubd, spojeni tarzometatarzalni a
vzajemné spojeni tarz(l. Samostatné se
hodnoti pohyblivost kalkaneu proti talu a
kloub talokruralni. Pro bolestivost v oblasti
chodidla mlze byt vyznamna i blokada
hlavicky fibuly, ktera se pak mobilizuje
posunem podél tibie.

Dal8imi funk&nimi poruchami mohou
byt svalové spasmy a Uponové bolesti,
které se vSak mohou vyskytnout i druhotné
pfi blokadach. Zzakladnim léCebnym
postupem je postizometrickd relaxace
(inhibice) pFislusnych sval(, alternativou je
obstfik bolestivych struktur nejcastéji
lokdlnimi anestetiky. Tak lze ovlivnit
bolesti ve svalech plosky, Achillovy Slachy,
dlouhych extenzord prstd. P¥i odstrariovani
funkcénich poruch je spravné hledat
souvislosti, protoze funkéni poruchy maji
dle Lewita tendenci k Fetézeni. Pfitom na
DK vyplyvaji popsané fetézce z
mechanismu chiize. Prevazuje-li faze
opérna, nastava porucha flexe, pokud faze
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Svihova, pak porucha extense. VSechny
uvedené informace jsou pouze orientacni a
zajemci o tuto oblast odkazuji pfedevsim na
publikace prof. Lewita.
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SOUHRN

Prispévek se zabyva simulaci namahani
patefniho segmentu a vyvojem rozpérek,
pouzivanych pfi oSetfeni Graz(i lumbalni
patefe, na bazi kompozitnich materiald
uhlik - uhlik jako biomateriald
perspektivné vyuZitelnych v ortopedii.
Vyvoj rozpérek zahrnuje vyvoj vhodného
C/C kompozitu, experimentalni
vySetfovani jeho mechanickych a
biotolerantnich charakteristik a teoretickou
analyzu (MKP).

Kliova slova: mezitélova (meziobratlova)
rozpérka, komposit uhlik-uhlik, zkousky
materidlu (mechanické a biotolerance),
MKP analyza.

SUMMARY

Sochor M et al. Simulation of spinal
segment loading with application of
cages. The paper deals with a FEM
simulation of spinal segment loading and
with a development of cages applied for the
lumbar spine treatment based on carbon-
carbon composites as biomaterials to be
applied perspectively in the orthopaedics.
The cages development includes a
development of a suitable C-C composite,

experimental investigation of both its
mechanical and biotolerance
characteristics and a theoretical analysis by
FEM of several interbody cages. In the
paper, we present the C-C composite
technology applied, a review of
experiments carried out on different C-C
composite samples equipped with strain
gages including some data obtained, the C-
C composite biotolerance testing both in
vitro (cell proliferation and cytokines
investigation) and in vivo (animal trial).
The numerical simulation presented
includes: i) analysis of a titanium PLIF cage
made by MEDIN, Nové Mésto na Moravé
(CR), ii) analysis of the first and second
carbon-carbon composite cage variations
designed by the authors, iii) analysis of the
final variation of carbon-carbon composite
cage (composed of a C-C composite core
inserted in a special titanium cage)
designed by authors.

Key words: interbody (intervebral) cage,
carbon-carbon composite, material testing
(mechanical and biotolerance), FEM
analysis.
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Tabulka 1.

¢. tkaniny | typ tkaniny | pocet pramencti v osnové/Gtku/cm | pramenec | hmotnost (g/m’) | tloustka (mm)

46 281 platno 3,5/3,5 6kHr 0,29
Tabulka 2.
Obsah pryskyfice v roztoku 58
Viskozita (Pas), 20°C 75
Hustota (g/cm®) 1.090
republice k Iékafi v souvislostisproblémys  NAVRH A VYROBA C/C

patefi. PFiCinou téchto bolestivych
onemocnéni jsou rizné faktory. Jednim z
nich jsou degenerativni onemocnéni.
DalSim podstatnym faktorem zvySujicim
toto procento jsou rlizna poranéni patefe
zplisobena pretéZovanim nebo Urazem.
Nejcastéji dochazi k poranénim v oblasti
bederni péatefe. V pfipadé nestability
patefniho segmentu je nutny operacni
zékrok, pfi kterém se rdiznymi technikami
nejCastéji fixuje postizena oblast patere.

V soucasné dobé jsou nejvice rozsirené
mezitélové rozpérky na bazi titanovych
slitin ( napf. slitina Ti Al V). Natrhusev
poslednich letech objevuji mezitélové
rozpérky vyrabéné z umélych materiall
(vyhody: i) mensi tuhost nez kovy; ii)
nevykazujicich stiny na  rentgenovych
snimcich ¢i CT projekci a magnetické
resonanci): napf. rozpérky na bazi i) plastu
PolyEtherEtherKeton (PEEK), ii)
kompozitu uhlik-polymer (zde velice
obtizné zajistit neménné chemické slozeni
matrice, coZz je jeden ze zakladnich
pfedpokladl pro Gspésnou aplikaci
implantatd). V Sirokém spektru umélych
materiald se vyznaCuji velmi dobrou
biotoleranci zvlasté uhlikové materidly,
které jsou netoxické a tkan i kost jimi velmi
dobre prordistaji.

KOMPOZITU

Cilem bylo pfipravit, na zéakladé
dosavadnich zkuSenosti, vlaknovy textilni
kompozit uhlik-uhlik, ktery by vykazoval
optimalni ohybovou mechanickou pevnost
minimalné 200 MPa (lidska kost 150 - 200
MPa) s co nejmen3im ohybovym modulem
(lidska kost 15 - 25 GPa). Pfitom zvolit
takovou technologii, ktera by zarucila co
nejmensi uvoliovani uhlikovych ¢astic,
zejména pri mechanickém namahani.

Tento material dale vhodné upravit pro
tlakové zkousky. Zakladnimi prekurzory
pro pripravu kompozitl uhlik - uhlik byly:

- Uhlikové tkanina, platno f. HEXCEL, na
bazi vldkna TORAYCA T 800 vlastnosti
viz. tabulka 1.

- Fenolformaldehydova pryskyfFice
UMAFORM LE, vyrobce Lucebni zavody
Kolin vlastnosti viz. tabulka 2.

Technologie pripravy:

Uhlikové tkaniny nasycené
formaldehydovou pryskyfici byly slozeny
v potfebném poctu lamin do lisovaci formy
a za teploty 150 °C vytvrzeny tlakem 0,5
MPa. Wtvrzeny material byl rozfezén na
poZzadované tvary (dle poZadavkl na
mechanické zkousky) akarbonizovan.
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Aplikované technologické procesy :

1/ Karbonizace :Teplota karbonizace 1000
°C v prostfedi dusiku. Vlastnosti po
karbonizaci: hodnota oteviené pérovitosti
28 %, hustota 1,27 g/cm’, ohybova pevnost
80 MPa, obr. 1.

2/ Impregnace a néasledna karbonizace:
Otevrend porovitost byla snizovana 2 - 3
stupfiovou impregnaci opét
fenolformaldehydovou pryskyfici za
podminek: Karbonizované vzorky byly
podrobeny v autoklavu stfidani vakua a
tlaku 0,5 MPa za teploty 60 °C. Takto
upravené vzorky byly opét vytvrzeny viz.
vySe a karbonizovany. Vysledné vzorky
vykazovaly hodnotu oteviené pdrovitosti
13 % ahustotu 1,47 g/cm’,

3/ Grafitace: DalSim stupném zpracovani
byla grafitace kompozitli na max. teplotu
2200 °C v prostfedi argonu. Grafitaci se
zméni struktura kompozitll respektive
matrice okolo vlaken. Vysledkem je dalsi
pokles hodnoty oteviené porovitosti na 11
12 % a vzrdst hustoty na 1,5 g/cm’.
Ohybovéa pevnost vzroste asi na 180 MPa,
obr. 2.

4/ Impregnace pyrolytickym uhlikem: Byla
realizovana metoda CVD, t.j. chemického
povlékani z plynné faze v reaktoru s
otocnym loZem za atmosférického tlaku,
teploty 850 °C po dobu 36 hod.

Vrstvy pyrolytického uhliku usazené na
povrchu i v otevienych pérech kompozitu -
obr. 3 - sniZuji opét otevienou pdrovitost na
hodnotu 8 - 9 % a zvy3uji hustotu na 1,6
g/cm’. Navic tyto vrstvy, zejména na
povrchu snizuji uvolfiovani uhlikovych
Castic. Vyslednd ohybova pevnost je asi
240 MPa.

5/ Impregnace p[HEMA] (poly[2-
hydroxyethyl methacrylate]): Rlizné druhy
p[HEMA] byly aplikovany za Gcelem
snizovani uvoliovani uhlikovych &astic i

ovéreni vlivu této vrstvy na vrlstani
kostni tkané. Tyto vrstvy byly aplikovany
opét v autoklavu stfidanim tlaku 0,4 MPaa
vakua pfi teploté 40 °C, po dobu 60 minut.
Posléze nasledovalo vysuSeni vrstev ve
vakuové suSarné opét pri 40 °C po dobu 24
hod.

6/ Druh vyztuze kompozitl: Kompozity
uréené predevSim pro tlakové zkouSky
byly pfipraveny s planarni vyztuzi. Vzorky
ur€ené jako samonosné rozpérky a C/C-
jadra + Ti-klec byly pfipraveny staenim
uhlikové tkaniny kolem dvou
rovnobéznych textilnich lamin v centru
kompozitu Tato staend vyztuz eliminovala
pfipadné drédzdéni okolni tkéané
vycnivajicimi vlakny a navic tkaninovy
obal snizoval uvoliiovani uhlikovych ¢astic
zejménaz matrice.

ANALYZA MECHANICKYCH
VLASTNOSTI C/C KOMPOZITU

Analyza mechanickych vlastnosti
testovaného kompozitu predstavovala
testovani nékolika druhd vzorkd, pfi jejichz
vyrob& byla pouZita jind technologie
kone€né Upravy. Smyslem provéadénych
zkouSek bylo ovéfeni mechanickych
vlastnosti kompozitu na zakladé
teoretickych podkladd o elastickém
chovani ortotropnich kompozitnich
materiald.

Z&zemi provedenych mechanickych
zkouSek

VSechny mechanické testy byly
provedeny v Laboratofi mechanickych
zkouSek, Laboratofe biomechaniky
Clovéka, CVUT FS. Hlavnim prvkem
laboratofe je wvelmi kvalitni testovaci
systém MTS 858.2 Mini Bionix. V oblasti
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Obr.1 Mikrosnimek fezu kompozitu po karbonizaci
Obr. 2. Mikrosnimek fezu kompozitu po grafitaci

Obr. 3. Mikrosnimek fezu kompozitem po
impregnaci pyrolytickym uhlikem.
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Obr. 4. 3/120 XY21 (skupina 2)
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Tabulka €. 3

Skupina | podskupina technologie vyroby
1 A karbonizovano
B karbonizovano + 1 x impregnovano + pokryto PyC
C karbonizovano + 3 x impregnovéano
D karbonizovano + 3 x impregnovano + pokryto PHEMAou
2 E karbonizovano + 3 x impregnovano + grafitovano
F karbonizovéno + 3 x impregnovano + grafitovano + pokryto PyC
3 G karbonizovano + 3 x impregnovano + grafitovano
H karbonizovano + 3 x impregnovano + grafitovano + pokryto PyC

osové sily je rozsah systému 025 KkN.
Laboratof Uspésné dokoncila audit
narodniho akreditaéniho organu Ceského
institutu pro akreditaci, o.p.s. (CIA) a
ziskala osvédceni o akreditaci podle
mezinarodni normy CSN EN ISO/IEC
17025. Timto jsou také pokryty vSechny
poZadavky mezinarodninormy 1SO 9002.

Popis provedenych mechanickych
zkousek

MozZnosti vyroby vzorkd, které by
odpovidaly standarddm pro mechanické
zkousky kompozitu dle CSN a 1SO, byly
omezené, zvlasté pak vyroba vzorkd, které
by pravé podle standardné pouzivanych
testd mély mit pomérné vysoké rozméry.
PFi vyrobé takovych vzork( dochézelo k
deformacim jejich tvaru a také ke zhorSeni
struktury. Z ddivod( zachovani homogenity
struktury kompozitu se pfistoupilo k
navrhu vzorkd s atypickymi rozméry, viz
obr. 4. Pouzité vzorky a zplisob zatéZovani
vSak odpovidaly charakteru standardné
pouzivanych norem. Pro mechanické testy
byly zvoleny rlizné rozméry vzorkd a
zplsob jejich zatézovani, viz tab. 3,
oznaCeni podskupiny potom odkazuje na
technologii pouZité vyroby. Ucelem pouZiti

riznych technologii pfi vyrobé bylo
porovnani vlastnosti stejného kompozitu s
odliSnou konec¢nou Upravou, a tim i zjisténi
nejvyhodngj$iho zplsobu vyroby ve
smyslu potfebnych mechanickych a
biokompatibilnich vlastnosti.

Skupinal

Nejprve byly zkouSeny vzorky
Skupiny 1. A, B, C, D. Tyto vzorky
neumoznovaly svymi rozméry nalepeni
tenzometrd a vlastni vyhodnoceni
probihalo zplisobem odlidnym od dalsich
vzorkd (Skupina 2 a 3), nakteré bylo mozné
tenzometry nalepit. PFi téchto testech byl
pouzit specidlni pfipravek (vyrobeny v
dilnach CVUT, FS, Praha. Vystupnimi daty
z tlakové zkousky jsou posuv [mm],
zatézujici sila [N], dhel natoCeni [°],
kroutici moment [N/m] a €as [s]. Vzorky
byly zatéZovany silou rovnomérné
narGstajicido max. 24 kN a odleh&ovany.

Skupina 2 a 3 (Zkouska ¢. 011/2/2002 a
Zkouska €.012/2/2002)

Rozméry vzorkd skupin 2 a 3 umoznily
nalepeni tenzometrl. Vzhledem Kk
rozmérdim testovanych vzork(l, které
neumoziovalo aplikaci extenzometru bylo
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zvoleno tenzometrické méfeni k usnadnéni
ziskdni potfebnych materidlovych
konstant. Tento zplisob méfeni kompozitd
vyZzadoval vyvinuti zcela nové metodiky. Je
nutno vzit v Gvahu, Ze méfeni pomoci
tenzometrld velmi malych rozmérd
(nutnych vzhledem k malym celkovym
rozmérdm vzorkd) znamena uréeni
vlastnosti C/C kompozitu do jisté miry
ovlivnénych lokalnimi vlastnostmi
kompozitu, vyplyvajicimi jiz z jeho
vlastniho nehomogenniho charakteru a
tudiz pro ur€eni kvantitativni hladiny
integralnich deformaci bylo nutné
vysledky jeSté verifikovat porovnanim
Gdaji z posuvi Gelisti. Pro zatéZovani
vzorkl ze Skupiny 3 byl pouZit stejny
pripravek jako v pFipadé zatézovani vzorkd
ze Skupiny 1 (viz obr. 6) Pro zatézovani
vzorkl Skupiny 2 byl navrzen specialni
pfipravek (viz obr. 5), ve kterém byl
zkouseny vzorek upnut. Tento pripravek
(vyrobeny v dilndch CVUT FS, Praha) mél
podle platnych pfedpisd zajistit souosost
pfi zatéZzovani. Oba konce (30mm)
testovaného vzorku byly pfi zkouSce v

pfipravku uchyceny tak, Ze posuv do sméru
3 a 2 (orientace dle obr. 4) nebyl mozny,
¢imZ bylo zamezeno vzniku pFidavného
ohybu. Pfehled pouzitych tenzometrd od
vyrobce HBM (HOTTINGER BALDWIN
MESSTECHNIK, HBM Wagetechnik,
GMBH) je schematicky uveden na obr. 4.
Tenzometry byly u obou zkouek zapojeny
do pllmostu. Pro zajisténi dostateéného
kontaktu mezi pfipravky a kompozitnimi
vzorky, jejichz povrch je vlivem struktury
prepregu nerovny, byla v misté kontaktu
aplikovana tenka vrstva kostniho cementu
DURACEM (Rapidadhesive Bone
Cement), Sulzer Medica (jako materiélu
reprezentujiciho prostfedi kone€né
aplikace kompozitu, resp. meziobratlové
rozpérky). Zatézujici sila byla aplikovana v
souladu s CSN 64 0204, teplota 23°C a
relativni vihkost 50 %. ZatéZujici cykly pro
vzorky ze Skupiny 3 jsou vyobrazeny na
obr. 7. U vzork( ze Skupiny 2 byly zvoleny
dva cykly, a to zé&kladni cyklus s
kondicionovanim (pro ustaveni zkuSebniho
vzorku) do 2 kN (u pfedchozich vzorkl
bylatatosila1kN)sprodlevou, adruhy

Obr.5. Vzorek Skupiny 2

Obr. 6. Vzorek Skupiny 3
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E,=E,=(170,38 +13,46) GPa
E,=12,71 GPa

Poissonovacisla: v,,, V,;,V.;:

0,003
=v,, =[(0187- —[—]' +0,028
v 21 VlZ [( 0_1 MPa ]

00045 1 4

Vig=V, = 0,06397-(’—[’\?&1-I
3

Meze pevnosti v tlaku:

R,,=(148,89+9,41) MPa

R,.- neuréena (vyfazeni vzorki na zakladé
analyzy nabrust)

Poissonova Cisla jsou vyjadfena jako
funkce napéti, jejich hodnoty nejsou
konstantni, u ortotropnich materiald v
pribéhu zatéZzovani se méni. Priklady
ureni jednotlivych veliCin nasleduji na
obr.8,9,10a11.

U provedenych méreni byly téz
vyhodnocovany integrdlni moduly
pruznosti na zakladé celkového posuvu
celisti stroje. Tyto moduly jsou dlleZité pro
posouzeni skute¢né interakce mezi
rozpérkou a kosti. Jsou to hodnoty
posuzujici spiSe kvalitativni nez
kvantitativni chovani materialu rozpérek.
U integralng vyhodnocenych moduld
pruznosti lze pozorovat az
nékolikandsobny pokles jejich hodnot
oproti vyslednym hodnotam
tenzometrického méfeni, kde ziskdvame
informaci o chovani kompozitu pouze v
jeho lokalni ¢&asti. Prdmérné hodnoty
modulll ve sméru rovnobéZzném s
laminami, resp. ve sméru, ve kterém bude
zatéZovano kompozitni jadro rozpérky, se
pohybuji okolo 45 GPa u grafitovanych
vzork({ a 58 GPa u vzorkd s pyrolytickym

uhlikem (viz obr.11). Pro posouzeni
mechanickych vlastnosti rozpérky jako
celku, tedy klece z titanové slitiny a
kompozitniho jadra, probihaji v soucasné
dobé jejich mechanické zkousky.

Nabrusy vzork(

~ Nabrusy vzorkli byly vyhotoveny v
Ustavu mechaniky a struktury hornin
Akademie véd Ceské republiky. Byly
provedeny jednak nabrusy nezatéZovanych
vzorkll vyrobenych ve stejné sérii jako
vzorky Skupiny 1, tak nabrusy vzorkd
zatézovanych (Skupina 2, 3). Analyza
nabrusd poslouzila predevsim k popsani
zmén ve struktufe kompozitu po
zatéZovani.

Nabrusy oznacené obr. 12 a 13 ukazuji
charakter lomové c¢asti zatézovanych
vzorkl Skupiny 2, pouze grafitovaného
(obr.12) a pokrytého pyrolytickym
uhlikem. Vzorky byly fezany v roviné 13.
Viditelnd delaminace lomové Casti méa
pouze lokalni charakter. Z toho lze
usuzovat dobrou soudrznost vlaken a
matrice. Také se potvrzuje predpoklad, ze
chovéani kompozitu s a bez pyrolytického
uhliku je pfFi zatizeni ve sméru
rovnobézném s laminami v podstaté
shodné. Ve struktufe se objevuji pouze
trhliny vertikalni, které jsou pro vlaknové
kompozity charakteristické, vznikaji pfi
jejich vyrobé vlivem jiné roztaznosti
vldken a matrice.

Snimky na obr. 14 a 15 jsou pofizeny z
nabrusl vzorkd Skupiny 3, Fezany byly v
roviné kolmé na laminy, tedy 13. Zde je
patrny rozdil v poctu horizontalnich trhlin,
které v kompozitu vznikly az vlivem
zatézovani. Pyrolyticky uhlik zvySuje
pevnost kompozitu pfi zatizeni kolmém na
laminy aZ Ctyfikrat, coZ vysvétluje vznik
trhlin u vzorku pouze grafitovaného (obr.
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Obr. 8. PFiklad vyhodnoceni modulu pruznosti v tlaku (Skupina 2F, vzorek 6)
dvé hodnoty pomérnych deformaci ve sméru zatéZovani jako aritmeticky primér z protilehlych tenzometrd.
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Obr. 9. Ur€eni Poissonova €isla (skupina 3H, tj. Vzorky grafitované a pokryté PyC).
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Obr. 10. P¥iklad ur€eni mezni sily (Skupiny 2F, vzorek 6).
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Obr. 11. Priklad urceni modulu pruznosti v tlaku (Skupina 2E, tj. grafitovany vorek).
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Obr. 18

Obr. 19
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£ PK = pozitivni kontrola, plastik s Gpravou
=Y pro rlst bunéénych kultur

g 409 = C/C kompozitni material

ERLOy 1 +HEMA = C/C kompozitni materidl

i pokryty Hemou
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Obr. 20 Ty e ri Ala

Vv karbonowyeh materiall na produkel
cytoking v mdiu fibroblasta LEP

A o l-& Legenda:
a . mTRara| NK = negativni kontrola, plastik s
= & 1o bakteriologickou Gipravou
ERERTy) PK = pozitivni kontrola, plastik s
i g —| Gpravou pro rist bunénych kultur
e 5 L 409 = C/C kompozitni material
+HEMA = C/C kompozitni materidl
0 - pokryty Hemou
HE #* 4L HEW
Obr. 21 material
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Vznikajici emise svétla je pfimo Umérna
mnozstvi analytu ve vzorku.

Vysledek: Produkce zanétlivych cytokind
nepotahovaného karbonového materidlu
je jen o mélo niZsi nez vykazuje negativni
kontrolni vzorek (t.j. material upraveny
tak, aby rdst bunék inhiboval). Pokrytim
materialu vrstvou Hemy se obsah obou
zanétlivych cytokinl v mediu snizi.

Testy invivo

Pomoci histologického hodnoceni byla
sledovana kvalita pojivové tkané v okoli
implantatu. 4 typy materialu (ocel a titan
jako kontrolni vzorky, C/C kompozita C/C
pokryté Hemou - obr. 22) byly ve dvou az
tfech paralelnich vzorcich vlozeny do
intercondylarni oblasti femuru zadnich
koncetin prasat, v celkové anestezii, za
aseptickych podminek. V tabulce 4 je
dokumentovano oznaceni implantatd.

[
LR el (i [
Fomnr i [~y et e sirmesl |
| pmierty |
I Snawe | BT ara
! r
o
I, Barmeed | M irea
T T T N1 0w i . Tl
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T 1%1
& i Flai ¥ ]

Tab.4.

Po 3 mésicich byla zvifata utracena a
femury s implantaty byly vyjmuty.
Implantaty i s okolni tkani byly upraveny
na velikost cca | cm®. Nékolik implantat
bylo nalezeno na povrchu kosti, nebo v
mékké tkani. Podle tvaru dutiny Ize soudit
na aktivni novotvorbu kosti kolem
implantatu. V okoli nebyl pozorovan zanét
auhlikovy otér se nachazi jen ve stopach,

Obr. 22. Material implantatu kompozit C/C potazeny
pHemou.
* Misto ulozZeni implantéatu: levy femur rezavého

prasete (1 implantat byl zpracovan do parafinu, 2 do
akrylatu)

Uvolnény patrné pfi mechanickem
odstrafiovani implantatu pro histologické
zpracovani. (Hematoxylin-eosin, zvétSeno
40x).

Na rozdil od Cistého implantatu C/C
kompozit, kostni tkan v okoli uhlikového
implantat pokrytého Hemou, obsahuje
jenom velmi malo kousk( kostni drtg,
témér Zadny uhlikovy otér, a kostni
tramcina jevi snahu obklopit implantat. V
okoli obou typl uhlikovych implantatd se
objevuje krvetvorna kostni dfen, ktera v
okoli titanového implantatu nebyla
pozorovdna. Pro moznost pouziti C/C
materidlu se zda byt kritickou vhodna
porozita implantatu, ktera by umoZznila
prinik kostni tkané do jeho nitra.

Vysledek sledovani: titanovy material se
jevi pro integraci do tkané horsi nez
uhlikovy kompozit a vyrazné horsi neZ
uhlikovy kompozit pokryty Hemou.
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STRUKTURNI A
MEZIOBRATL
IMPLANTATU

Metoda konecnych prvku (MKP) - Gvod

V soucasnosti pouzivané titanové
implantaty jsou velmi rigidni a stavaji se
pripady, kdy dochéazi k zaboreni
meziobratlového implantatu do tela
obratle, coz ma nepriznivy vliv na systém
vnitrni fixace. V tomto pripade prestava
implantat plnit svou opernou funkci a
veSkeré zatiZzeni segmentu péatere se
prenese na vnitrni fixatory. Jsou popsany
pripady, kdy doslo po penetraci tela obratle
implantatem k poruseni vnitrni fixace a
musela nasledovat dalsi revizni operace.
Tyto pripady nejsou casté, ale predstavuji
dalsi naklady na lécbu a znacnou zatez pro
jiZ tak traumatizovaného pacienta.

Cilem strukturni analyzy bylo
porovnani nove navrZenych implantatu na
bazi kompozitu Uhlik-Uhlik se standardne
pouzivanymi implantaty ze slitiny
Ti6Al4V. Primarnim kritériem hodnoceni
byla pevnost navrZzenych kompozitnich
implantatu. Sekundarne pak byla
hodnocena mechanicka stranka interakce
implantatu s kostni tkani obratlovych tel a
vliv celkové tuhosti implantatu na systém
vnitrni fixace. Pro strukturni analyzu
matematickych modelu, popisujicich
implantaty a stabilizovany segment bederni
patere, byla vybrana metoda konecnych
prvku (MKP). Tato metoda vyuZiva
principu diskretizace kontinua na malé
podoblasti konecnych rozmeru v kterych je
vySetrovan stav napjatosti odpovidajici
zadanym okrajovym, resp. pocatecnim
podminkam. Relevantnost vysledku
matematickych modelu obecne zavisi
predevsim na kvalite vstupnich parametru.
Z hlediska mechaniky jde predevsim o

materidlové parametry a konstitutivni
vztahy modelovanych struktur, geometrii
celého modelu a spravnou interpretaci
zatizeni (aplikace wvnejSich silovych
Ucinku) modelované soustavy. Zakladni
mechanické vlastnosti C-C kompozitu byly
prevzaty z omezeného souboru dat z
mechanickych zkouSek. Vlastnosti
titanové slitiny Ti6AI4V jsou bezne znamy
a uvadeny prisluSnymi vyrobci.
Mechanické vlastnosti sledovanych
biologickych struktur jsme prevzali z
odbornych periodik podobne jako zatizeni
modelovaného bederniho segmentu.

Matematické (MKP) modely

V prubehu reSeni grantového projektu
byla vytvorena rada vypoctovych modelu
samostatnych implantatu i pomoci nich
stabilizovanych segmentu pépere. Jako
vstup do celé problematiky poslouZily
vypocty izolovaného titanového PLIF
implantatu firmy MEDIN, kterd na vyvoji
C-C implantatu spolupracovala. Titanovy
implantdt MEDIN (obr. 23) je standardne
pouzivan radou klinickych pracovist v CR,
kde je praktikovana spindlni chirurgie.
Vysledky analyzy Ti implantatu ukézaly
urcité rezervy v jeho konstrukci a
poukazaly na jeho zasadni nedostatky v
distribuci tuhosti. Cenné informace z
prvotnich modelu nasledne pomohly pri
navrhu konstrukce novych implantatu na
bazi C-C kompozitu.

S prechodem na reSeni kontaktnich
Uloh modelujicich stabilizovany bederni
segment L4/L5 vyvstala otazka korektniho

=

Obr. 23.
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zadavani sil plisobicich na segment. Jednou
z moznych cest vedoucich k urceni
silovych Ggink( na segment je realizace
mechanického experimentu na post-
mortem odebranych ,fyziologickych“
segmentech. Takovych experimentd byla
provedena cela fada a v odborném tisku Ize
najit kvalitné zdokumentované studie
popisujici silové-kinematické poméry v
bedernich segmentech patefe. Pro potfeby
zadani silovych okrajovych podminek v
modelech stabilizovanych segmenti byla
tato data verifikovana na dvou MKP
modelech ,fyziologickych“ segment(
L4/L5 (obr. 24, 25). Fyziologické MKP
modely se navzajem liSily materialovou
definici vazivového prstence a jadra disku
jako hlavnich kinematickych komponent
segmentu. Kuvalitnéjsi vysledky podal
model s nehomogenni a nelinearni definici
kolagennich vlaken vazivového prstence,
ktery lépe vystihuje chovani segmentu v
oblasti neutralni zény. Model byl podroben
Cisté kompresi v rozsahu (0-10 kN), Cisté
flexi a extenzi v rozsahu (-10, +10 Nm) a
Cisté lateroflexi se stejnym rozsahem. Z
tohoto spektra zatizeni byla vybrana jako
reprezentativni kombinace: komprese 5 kN
se soucasné plisobicim lateralnim flekénim
momentem 10 Nm. Systém vnitfni fixace je
citlivéjSi na lateralni flexi, nez na ventralni
flexi.

Aplikace C/C kompozitu v konstrukci
meziobratlovych implantatl
Implantat MEDIN (PLIF) s kompozitnim
C/Cjadrem

Prvni konstrukéni navrh pocital s
vyuzitim C/C kompozitu jako jadra do
stavajiciho PLIF implantatu z Titanu.
Kompozitni jadro mélo v této koncepci
CasteCné nahradit kostni $tép umistovany
do vnitfniho prostoru implantatu.

Vysledky kontaktniho modelu
stabilizovaného segmentu s parem téchto
implantat( prokazaly, Ze kompozitni jadro
neni nosnou komponentou stabilizace a na
mechanickou interakci implantatu s kosti
ma minimalni vliv. Nebezpecnym mistem
stabilizace je oblast kontaktu implantéatu s
endplate obratlového téla. Oproti obratli
znacné rigidni konstrukce implantétu
zplsobuje koncentrace v hodnotach
kontaktniho tlaku, pres které je zatizeni
prenaSeno na obratel. Timto mechanismem
jsou generovany vyrazné koncentrace
napéti v povrchové vrstvé subchondralni
kosti. Subchondralni vrstva endplate
obratle je kli€ova pro udrZeni stability
flzovaného spojeni v pooperacnim obdobi.
Pro minimalizaci rizika penetrace endplate
obratle implantatem by mélo byt napéti v
okoli implantatu distribuovano pokud
mozno rovnomérné. Ti implantat MEDIN
tento poZadavek nespliiuje a stav napjatosti
neovlivni ani pouZziti kompozitnich jader.

Prvni celokompozitni varianta PLIF
implantatu

Tato konstrukce pfedpokladala
vyrobeni implantdtu ve tvaru vinutého
uzavieného profilu. Pomoci MKP vypodtd
byla hledana optimalni skladba vrstveni
tkaniny v celokompozitnim uzavieném
profilu tak, abychom nalezli optimum z
hlediska tuhosti a bezpe¢nosti konstrukce
implantatu. Modely (obr. 26, 27) poskytly
pfehled o moZnostech nataleni orientace
jednotlivych lamin a vlivu zmény orientace
tkaniny na distribuci napéti v implantatu.
Bohuzel vyroba dutého uzavreného profilu
z C-C kompozitu se ukézala jako nereélna,
a od této konstrukce implantatu bylo
upusténo.

Distribuce kontaktniho tlaku a intenzit
napéti v okoli interakce implantatu s kosti
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Obr.24. Distribuce poli napjatosti (Misses) a kinematika segmentu pfi ventralni flexi ,,fyziologického* modelu
L4/L5 verifikace matematického MKP modelu pomoci publikovanych experimentalnich vysledk( flexe post-

mortem méfeného segmentu.

=l

Obr. 25. Kontaktni MKP model stabilizace bederniho segmentu L4/L5 s pouzitim Titanovych PLIF implantatl
MEDIN s kompozitnimi C/C jadry.

Obr.26. Prvni varianta celokompozitniho PLIF implantétu.
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Obr.27. Druhd varianta celokompozitniho implantatu - implantat typu RAMP.

Obr.28. Finalni varianta kombinovaného Ti+CC implantatu typu RAMP.

je znacné pfiznivéjsi nez v pFipadé pouziti
titanovych PLIF implantatl. Komplexni
tuhost implantatu je distribuovana
rovnomérné na rozdil od implantat(i typu
»Klec”, coZ se projevuje snizenim rizika
penetrace endplate celokompozitnim
implantatem.

Druhd celokompozitni varianta PLIF
implantatu

Omezené moZnosti technologie
vyroby C-C kompozitu nasmérovaly vyvoj
implantatu k vytvofeni masivniho

kompozitniho jadra. Jadro je vyrobeno jako
piny vinuty profil ovalného prifezu.
Primarné se uvazovalo o jeho nasazeni v
Cisté kompozitni formé jako implantét typu
RAMP. Vypolty MKP modelu faze
bederniho segmentu s timto implantatem
ale odhalily urcité riziko této aplikace
vzhledem k pevnosti C-C kompozitu.

Kombinovany (Ti+CC) implantat typu
RAMP (obr. 28)

Pro uvazovanou aplikaci nevyhovujici
mechanické vlastnosti C-C kompozitu
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prinutily FeSitele ke kompromisni varianté
konstrukce meziobratlového implantatu.
Kompromisni varianta konstrukce spociva
ve stabilizaci C-C jadra pomoci titanové
klece. Jde v podstaté o navrat k jiz dfive
opusténé koncepci kombinovaného Ti-CC
implantéatu, kde nosnou funkci implantatu
prebira titanovd klec. Z mechanického
hlediska neni sice pFinos této varianty ke
zvySeni bezpec€nosti celé operacni techniky
znacny, avsak sniZzuje v konecné fazi
vyznamné kontaktni tlaky mezi kosti a
implantatem. DalSim pozitivem tohoto
implantatu je sniZeni spotfeby kostniho
Stépu (nebo jeho nahrady) nutného k
nastartovani procesu osteosyntézy.

ZAVER

Testy biotolerance C-C kompozitu,
které jsou nyni ve fazi vyhodnocovani
vzork( vyjmutych z femur( zadnich
koncetin pokusnych prasat, dosud
potvrzuji opravnénost této aplikace v
kostni chirurgii. Po dokonCeni vSech
vyhodnoceni budou konecné vysledky
zvefejnény v dalsi Casti publikace tykajici
se této problematiky. Zde budou téz
diskutovany dalSi teoretické a
experimentalni analyzy finalni varianty
kombinované rozpérky Ti+CC.
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KYCELNI IMPLANTATY 2. GENERACE
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SOUHRN

Navrh umélych nahrad lidského
skeletu je velmi komplexni problém. Bez
dokonalych znalosti biologického prostredi
nelze navrhnout dokonaly implantat. Z
porovnani soucasného stavu vyzkumu,
vyvoje a klinickych aplikaci (na pfiklad
kycCelniho kloubu a jeho nahrad) je patrné,
Ze inZenyrské koncepce (zaméfené na
jejich aplikace in vivo) jsou ve srovnani s
biologickym prostfedim vzorem - silné
zaostalé. Za delSi dobu nez jedno stoleti
vyvoje umélych nahrad velkych kloubd,
nebylo dosazeno inzenyrského produktu,
ktery by se alesponn v minimalnich
podobnostech blizil Zivé tkani. Soudobé
rigidni implantaty sice maji klinické
vyuzivani a opodstatnéni, maji vSak i
nedostatky. | kdyZz se na pfiklad rigidni
kovové implantaty budou jeSté dlouhou
dobu aplikovat, nejsou perspektivni.
Aplikace rigidnich kovovych implantatl
representuje vyvojové ,,dobu Zeleznou“.
Snahou materidlového a biomateridlového
inZenyrstvi, jakoZ i klinické praxe bude
stale vice se zaméFovat na nové materialy a
na jejich hybridizaci Zivou pojivovou
tkani. Proto i tato prace je zaméfena na
nové materidly se fizenymi mechanickymi
vlastnostmi.

Kli¢ova slova: kycelni implantaty,
biomaterialové inZenyrstvi, moduly
elasticity, fyzikalni vazby s molekulami,
heterogenni a biologicky materidl.

SUMMARY

Petrtyl M, Jira A. Femoral prostheses of
the 2nd generation.

The rigid metallic artificial
replacements (implant stems) up-to-now
applied in the clinical practice are classified
as the artificial replacements of the 1%
generation. Their substantial
shortcomings include the limited
possibilities of regulating the material
properties. It is the composite polymer
materials that make it possible to actively
direct (influence) the properties of
materials of a non-biological origin, as, for
example, the magnitude of moduli of
elasticity in compression, moduli of
elasticity in tension, strength of materials
etc. The composite stems of implants
whose material properties will be very
similar to those of a bone tissue are
included in the group of artificial
replacements of the 2" generation.

The artificial replacements of the 2
generation are such implants that have
very similar material/biomaterial
properties to the properties of a live tissue.
These materials are biologically tolerated
by a surrounding live tissue. After special
treatment of stem surfaces, these materials
create (or support) the initiation of strong
physical bonds with molecules of a
connective tissue.

The conditions of developing the
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physical bond interface of two completely
different materials, ie a heterogeneous
material (of a ,,visiting“, non-biological
origin) and a biological material, are
strongly encouraged by identical
deformations of the surface fibres of an
inanimate implant and the fibres of a
connective tissue. While the moduli of
elasticity of the present-day rigid (metallic)
implant stems of long bones, for example,
are approximately ten times higher than
those of the corticalis of diaphyses, in
surface lamellas (composite stem laminas),
amaterial with similar (or almost identical)
material properties to those of the corticalis
canbeapplied, ie E=18- 20 GPa.

Key words: hip prosthesis, implant stems,
artificial replacements of the 2"
generation, biomaterial ingeneering,
physical bonds with molecules, moduli of
elasticity, heterogeneous and biological
materials.

V klinické praxi dosud pouzivané
rigidni kovové umélé nahrady (dfiky
implantatl) zafazujeme do umélych
nédhrad 1. generace. Jejich velkym
nedostatkem jsou velmi omezené moznosti
fizeni materialovych vlastnosti. Moznost
aktivné Fidit (ovliviiovat) vlastnosti
materiald nebiologického pdvodu, jako je
napfiklad velikost modulli pruznosti v
tlaku, modulll pruznosti v tahu, pevnosti
materialll atp., znamenité umoZziuji
kompozitni polymerové materialy.
Kompozitni diiky implantatl, u nichz
materiélové vlastnosti budou velmi blizké
materidlovym vlastnostem kostni tkané
vytvafeji skupinu umélych nahrad II.
generace.

Umélé ndhrady 2. generace jsou
implantaty s materialovymi vlastnostmi
blizkymi vlastnostem kostni tkané. Jsou to

materidly, které jsou biologicky tolerované
okolni Zivou tkani, a které po specialnich
Gpravach povrchl drikd vytvareji (resp.
podporuji) vznik silnych fyzikalnich vazeb s
molekulami pojivové tkané. Mezi
implantatem a Zivou tkani se vytvéareji
fyzikalni vazebnarozhrani.

Podminkdm vzniku fyzikalniho
vazebného rozhrani dvou zcela odliSnych
materiall, tj. cizorodého materialu
(,,hostujiciho“, nebiologického plivodu) a
materialu biologického, velmi pfispivaji
identické deformace povrchovych vlaken
nezivého implantaitu a vlaken pojiva.
Zatimco, na pfiklad, u soudobych rigidnich
(kovovych) dFikd implantatd dlouhych
kosti jsou moduly pruznosti pfiblizné
desetkrat vétsi, nez u kortikalis diafyz, v
povrchovych lamelach (laminéch
kompozitnich dfik{) Ize aplikovat material
s blizkymi (nebo téméf identickymi)
materidlovymi vlastnosti, jako ma
kortikalis, tj. E=18 - 20 Gpa.

Myslenka aplikace kompozitnich
diikd umélych nahrad neni nova. Na
pocCatku 80-tych letech minulého stoleti
byly Petrtylem, Pavlanskym a Valentou
navrzeny KkycCelni implantaty se dfiky z
kompozitnich materiald a s armujicim
kovovym jadrem (obr. 1 a obr. 2) [1], [2].
Cilem bylo v té dobé vytvofit velmi stabilni
soustavu ,,armujici kovoveé jadro kompozit
kortikalis“, ktera je dostateCné nosna, a u
které jsou deformace v povrchovych
laminich kompozitu velmi blizké nebo
identické s deformacemi Kkortikalis.
Pfikladem kompozitniho dfiku bez
kovového jadra je kompozit na obr. 3, u
néhoz je zachovéana centralni dutina.
Armujici vlakna v laminach jsou
orientovana ve smérech dominantnich
hlavnich napétich.

V této stati presentovany navrh
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Obr. 1. Kompozitni implantaty 11.generace s inertnim povrchem dfikd, autord Petrtyl, Pavlansky, Valenta (USA
patent - 1989).

Obr. 2. Kompozitni implantat s inertnim materiadlem na jeho povrchu autorl Petrtyl, Pavlansky (USA patent -
1988).

17"

' obr.3 e Obr. 4

Obr. 3. Duty kompozitni implantét s laminatovym pl&stém podle navrhu CVUT FSv/1990.
Obr. 4. Kompozitni ky€elni implantat s gradientem elastickych vlastnosti v jeho dFiku.
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nového typu kycelniho implantatu 2.
generace je zaméfen na zajisSténi
dlouhodobé stability jeho dfiku v dutiné
femuru a na jeho tolerovani okolni Zivou
tkani.

Vlastnosti kompozitl (jako je jejich
pevnost, moduly pruznosti atp.) jsou velmi
dobfe Fiditelné prostfednictvim vlastnosti
jejich materidlovych komponent a
objemovym zastoupenim vlaken v matrici
[3]. Vlastnosti mohou byti také Fizeny
geometrickym uspofadanim armujicich
vldken v jednotlivych vrstvach a
konfiguraci pouzitych armujicich vlaken
nebo tvarem armujicich Castic.

Se zfetelem k dosaZeni vysoké
Gnosnosti diikd umélych nahrad a jejich
dlouhodobé stability v dutindch diafyz
femurd byl navrZen implantét, skladajici se
z armujiciho kovového jadra a z
kompozitnich laminat( (vzajemngé pricné
spojenych vrstev kompozitu-lamel).
Modul pruznosti se ve vrstvach kompozitu
postupné méni v radialnim sméru, tzn., ze
se smérem k povrchu dfiku (resp. k
rozhrani se zivou tkani) snizuje. Posledni
(povrchova) lamina, ma modul pruznosti
priblizné stejny jako je modul pruznosti
kortikalis. V kompozitnim dfiku je tak
dosazeno gradientu elastickych vlastnosti,
ktery pro Ctyfi laminy je dan vyrazem:

—alx’ 1)
kde y

a=0,16952739
b=-1,098528

Rozdéleni jednotlivych kompozitnich
vrstev diiku implantatu je patrné zobr. 4az
obr.5 armujicijadro€. 1 je obaleno ctyfmi
kompozitnimi vrstvami (€.2-5) jejichz
modul pruZnosti se postupné sniZuje

*rna v T * [ Ahactin
anarir: ¢ Fa | maukea BE dillonic anelal nvier

I<1 [=] rhilun [T [

[~=] [ZFy

[ = e A 1,50
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. S 5 m 1

Tabulka 1. Objemové zastoupeni slozek
kompozitu v jednotlivych vrstvach

v radialnim sméru (tj. ke kosti). Vrstva €. 6
predstavuje okolni kompaktni kost, do
které je implantat vetknut. Slozeni
jednotlivych vrstev kompozitu je patrné z
tab. 1, kde jsou uvedeny hodnoty
objemového zastoupeni matrice a vladken (v
kazdé kompozitni vrstvé). Vrstvy €. 2,3a 4
jsou tvoreny matrici z PA (polyamid nylon)
s modulem pruznosti 2,96 GPa, tahovou
pevnosti 0,8 GPa, Poissonovym
soucinitelem 0,30 a objemovou hmotnosti
1140 kg/m®. Virstva €. 5 je tvofena matrici z
PE (polyethylenu LITEN MB 62) s
modulem pruznosti 1,0 GPa, mezi kluzu je
28 MPa, Poissonovym soucinitelem 0,31 a
objemovou hmotnosti 961 kg/m’. Armujici
slozkou vSech vrstev jsou kratka uhlikova
vlakna s modulem pruznosti 294 GPa,
Poissonovym sou€initelem 0,20 a
objemovou hmotnosti 1800 kg/m’. Jsou
rovnomérné nahodile rozloZena v
jednotlivych laminach.

Moduly pruznosti jednotlivych vrstev
kompozitu byly stanoveny tak, aby v
povrchové vrstvé kompozitu (€. 5) byl
modul pruznosti blizky modulu pruznosti
kortikalis. Ostatni vrstvy jsou poté voleny
tak, aby mohly plnit nosnou funkci a
spolupdisobit s tuhym ocelovym jadrem:

E,=210GPa ocelové jadro,

E,=170GPa kompozitnivrstva,

E,=110GPa kompozitni vrstva,

E,= 50GPa kompozitnivrstva,

E,= 20GPa kompozitnivrstva,

E,= 18GPa kompaktnikost.
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Vysledny modul pruznosti kazdé vrstvy lze
stanovit z rovnice (2):

E.=E,*V,+E, *V, (2)
kde

E. je vysledny modul pruznosti

pFislusné vrstvy,

E. je modul pruznosti armujicich

vléken,

V, je objemové zastoupeni armujicich

vlaken,

E,, je modul pruZnosti matrice,

V,, je objemové zastoupeni matrice v

prislusné vrstvé kompozitu.

Diafyzy lidskych femurd jsou vétsinou
namahany ohybovymi momenty, torznimi
momenty, normalovymi a posouvajici
silami [4]. Tyto G€inky vyvolavaji jak v
implantovanych umélych nahradach, tak i v
diafyzach, pole napéti a pole deformaci.
Zjistit velikosti skuteCnych zatizeni (na
priklad pfi chdzi ,,in vivo®) je zatim Easové
velmi narocné. Proto jsme vychéazeli z
pfiblizného (geometricky optimalniho) a
ortopedickou praxi ovéfeného Fischer
Pauwelsova modelu (obr. 6).

Silové G¢inky  plsobici na velky
trochanter femuru, jakoz i sila, kterou
pdsobi kyCle na hlavici femuru (obr. 7)
byly stanoveny z podminek rovnovahy.
Pravy femur byl vetknut v distalni ¢asti do
pevného podkladu.

Numericky vypocet poli napéti a poli
deformaci byl provadén pomoci programu
LUSAS 13.3.1 Pro ovéfovanou soustavu
ydiafyza implantat“ s poZadavkem na
vypocet deformaci a napéti byly vybrany
dva typy koneénych prvkd, tj. prvky pro
kulové vyseCe TH4 a pro ostatni objemy
prvky HX8. Prvky TH4 jsou tetrahedralni
(CtyTsténné) se Ctyfmi uzly a se tfemi stupni

volnosti (u, v, w) v kazdém uzlu. Prvky
HX8 jsou hexahedralni (3estisténné), s
osmi uzly. Kazdy uzel ma tfi stupné
volnosti (u, v, w). Pomérné slozity
tfirozmérny geometricky tvar diafyzy
femuru zapfiCinil nutnost manualniho
generovani sité konecnych prvka.

Cilem numerickych analyz bylo m.j.
porovnat distribuce normalovych napéti,
smykovych napéti a velikosti posund na
rozhrani implantatu s kosti, pfi pouZziti
rliznych model(i (obr. 8a9).

Specialni pozornost byla vénovana
diskrétnim vliviim normalovych sil (. sil
plsobicich na dfik implantatu ve sméru
jeho stfednice). Numericky byly
analyzovany dva MKP-modely (oznacené
A a B, obr. 9). Nejvétsi namahani
vyvolavaji napéti o, . Distribuce jejich poli
gjsou zfejmauobr. 10.

Model A (obr. 9, vlevo) je slozen z
kovového jadra implantatu (E = 200 GPa),
k némuz jsou vazany laminy kompozitd s
gradientem elastickych vlastnosti (170 50
GPa.). Nejvétsi ohybovou tuhost ma
armujici jadro. Smérem ke kosti modul
pruznosti kompozitu postupné klesa. Vazby
mezi jednotlivymi vrstvami kompozitnich
laminatd (vrstev, lamin) jsou modelovany
jako velmi pevné (tuhé). Model B (obr. 9,
vpravo) je sloZzen z kovového rigidniho
dfiku a z kortikalis diafyzy femuru. Modely
implantatld byly zatiZzeny spojitym
normalovym zatizenim plsobicim pouze
naimplantat o velikosti f=-20000kN/m’,

Z této dil¢i srovnavaci studie je patrné,
Ze kompozitni implantaty s proménnymi
elastickymi vlastnostmi v radialnim sméru
zajistuji velmi plynuly pfechod
normalovych napéti , do kostni tkané.
Kostni tkdn a vnéjsi (povrchova) lamina
kompozitu dfiku u modelu A je vice
namahana neZ stejna lokalita tkané pfi
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Obr. 5. Priibéh gradientu elastickych vlastnosti v kompozitu (Gerchovana ¢ara) a stupfiové snizovani moduld
pruznosti v jednotlivych vrstvach kompozitu (pIna, silna ¢ara).

Obr. 6. Fischer-Pauwelstiv geometricky optimalni lidsky skelet s geometrickymi parametry soustavy femur-
panev.

Obr. 7. Vngjsisilové ucinky pdsobici na proximalni ¢ast femuru pouzité ve vypoctu.
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Obr. 9. Geometrie jednotlivych modelli srovnavaci
studie. Vlevo je modelovana ¢ast kompozitniho dfiku
implantatu umisténého v dutiné diafyzy femuru,
vpravo €ast rigidniho, kovového dfiku. V obou
pripadech byly modely analyzovéany ve 2D.

Pt Obr. 8. Geometrie 3D modelu implantétu (vpravo) a celého systému dialyza

et 1 {t implantat (vlevo).
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aplikaci rigidniho dfiku (u modelu B).
Rigidni dfik plsobi jako ,,napétovy Stit*
[5], tj. konstrukéni prvek, ktery velmi
vyrazné zvysuje ohybovou tuhost soustavy
,dfik implantatu-kortikalis diafyzy* a
»odlehCuje kortikalis, coZz z hlediska
zachovéani délek etap hlavnich
stacionarnich stavll [6] kostni tkané mlze
vyvolat jejich zkraceni a destabilizaci.
Smykova napéti jsou na rozhrani tkané a
dfiku umélé nahrady velmi nizka a
negativné neovlivni remodelacni procesy
na rozhrani implantat  tkan. UGinky
ohybovych momentd, torznich momentd,
norméalovych a posouvajicich sil byly
ovéfovany na MKP modelech (obr. 8).
Distribuce poli napéti g, jsou patrné z obr.
11.

Kortikalis na rozhrani s kompozitnim
drikem (majicim elastické vlastnosti
definované jejich gradientem) se shodné
pruzné pretvareji jako povrchové laminy
kompozitniho dfiku [7]. Deformace
kortikalis v této Casti diafyzy jsou svymi
velikostmi vyrazné bliz8§i velikostem
pretvoreni diafyz bez implantatd. Ohybové
tuhosti soustavy ,kompozitni dfik-
kortikalis“ jsou ve 2/3 délky dfiku (v
distalni jeho Casti) podstatné nizsi nez jsou
ohybové tuhosti soustavy ,rigidni dfik-
kortikalis* [7].

Z provedenych numerickych analyz lze
udinit nasledujici nejdtile7it&j3i zavéry:

1) Vlivem ohybového namahani soustavy
diafyza femuru-kompozitni implantat (s
gradientem elastickych vlastnosti) dochazi
ke zvétSeni deformaci stfednich lamel
kompozitu a ke snizeni deformaci v
povrchové lamele. Jeji pretvofeni na
rozhrani zivé tkané a kompozitu je

identické s pretvofenim kostni tkang.
Normalova tlakova napéti o velikosti , = -
22,9 MPa byla verifikovana ve 2.3.
medialni lamele kompozitu; normalova
tahova napéti o velikosti y = 15 MPa téz
ve 3 - 2. lateralni lamele kompozitu (obr.
11).

2) Ohybova namahéani zvysuji
normalovd napéti y ve stfednich
lamelarnich vrstvach kompozitu dfiku
implantatu a vyrazné tato napéti snizuji v
jeho povrchové lamele.

3) Povrchové vrstvy kompozitniho
implantatu a pfilehla ¢ast medialni stény
kortikalis (v oblasti dfefiového kanalu)
maji identickd (bez nahlého ,,skoku®)
naméahani v tlaku za ohybu (obr. 11). Je
zfejmé, Ze volbou gradientu elastickych
vlastnosti bylo dosazeno shodného
tlakového normalového napéti v zivém a
v nezivém materialu.

4) Povrchové vrstvy kompozitniho
implantatu a prilehlé Casti lateralni stény
kortikalis (v blizkosti drefiového kanalu)
maji identicka tahova namahani. Ziva
tkan a nezivy kompozit jsou i v téchto
lokalitach shodné naméahany.

5) PFi zatéZovani implantatu pouze
normalovymi silami se nejnamahanéjsim
prvkem kompozitu stava armujici drik, obr.
10. V lamelach kompozitu, v disledku
zmény gradientu elastickych vlastnosti
kompozitu, jsou lamely (laminaty
kompozitu) méné naméahany.

6) Pole smykovych napéti xy nabyvaji v
proximalni ¢asti kompozitu velmi
malych hodnot.

7) Relativné velmi nizka smykova napéti yz
vznikaji v distalni poloviné dfiku
kompozitni ndhrady, na pfechodu
kovového jadras kompozitnimi laminami.
8) Napéti z dosahuji na ,,rozhrani* Zivého a
nezivého materidlu velmi malych (témé¥
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nulovych) hodnot.

9) Posuny (a pomerné deformace) ve
smeru proximalne distalnim (tj. ve smeru
rovnobezném se strednici driku
implantatu) jsou ve svislych
rovnobeznych pricnych rezech plynulé
(spojité).

10) Za predpokladu biologického
tolerovani materialu implantatu Zivou tkani
a pri zajisteni ,,hustych® fyzikalnich
vazebnich poli, lze ocekéavat vysokou
stabilitu driku implantatu v dutinach diafyz
femuru.

11) Zajisteni spojitého naméhani ,na
rozhrani* Zivé tkane a neZivého implantatu
(v dusledku zmeny gradientu
materidlovych charakteristik) umoznuje
zachovani remodelacnich cyklu v
kortikalis a prodlouzeni Zzivotnosti
kompozitnich umelych néhrad.

12) Na povrch krajnich lamin je vhodné
aplikovat vrstvu filmu biologického
puvodu, tvoreného kolagenem typu I. a
proteoglykany, které akceleruji
biokompatibilitu (filmu s kortikalis) a
zajistuji biotoleranci nezivého kompozitu
Zivoutkani.

ZAVER

Z provedenych numerickych analyz je
zrejmé, ze kompozitni driky s gradientem
elastickych vlastnosti (tj. s predem
definovanymi zmenami mechanickych
materidlovych konstant, menicimi se v

pricném smeru tak, Ze se postupne bliZi
materidlovym vlastnostem kortikalis) jsou

vhodnymi kandidaty pro umelé ndhrady 1.
generace.
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KONFERENCE * CONFERENCE

7/TH INTERNATIONAL CONFERENCE
ON THE CHEMISTRY AND BIOLOGY
OF MINERALIZED TISSUES
SAWGRASS MARRIOTT RESORT,
PONTE VEDRA BEACH,
FLORIDA, USA, 4.-38.11.2001

M. ADAM

Revmatologicky Ustav, Praha

Marriott Resort, kde se konference
konala, je asi 50 km jizné od Jacksonwille,
nejvétsiho mésta v severni Floridé na jejim
atlantickém pobrezi. Jednd se o velmi
pfijemné misto vybavené bazény,
tenisovymi kurty a velikym golfovym
hFistém s 90 jamkami, Udajné nejvétsim v
USA. Samotné konference se zicastnilo
150 badateld. Dopoledne a veter byly
vénovany prednaskam, odpoledne pak
posterdim.

Velkd pozornost byla vénovéna
biomineralizacim, kde zaznéla i pfednaska
o izolaci nékterych bilkovin z dinosaurd. V
zasedani vénovaném "hot topics" zaznéla
pfedndsSka Fischera a spol. o inhibici
vazebného komplementu faktoru H a
aktivaci faktoru 1. Rada prednéSek se
zabyvala amelogeniny a jejich vazebnou
schopnost pro apatit studovali Bouropoulos
a spol. Traub a spol. referovali o
ultrastrukturdlnich studiich
hypermineralizovanych kosti. Schwartz a
spol. referovali o regulaci matrixovych
vesicul odvozenych od chondrocytl
pomoci 1a,25-(OH),D,. Watson a spol.
studovali vazebnou aktivitu insulin - like
growth faktoru v artritické synovialni

tekuting. Hen - Li Chen a spol. nadli, Ze
receptor pro parathormon je spojen jak s
rist podporujicim, tak s rdst inhibujicim
efektem u mesenchymalnich bunék.

DalSi skupina pfednasek se vénovala
skloviné. X. Yu a spol. ovéfovali efekt
SDF-1 na MMP aktivitu a zjistili, Ze
zvysuje aktivitu MMP - 9 osteoklastd.
Boyan a spol. zjistili r(izné membranové
receptory pro 1a,25-(OH),D, a 24R,25-
(OH),D, v osteoblastech. Anderson a spol.
vénovali pozornost vztahu mezi apoptdzou
chondrocytl a tvorbou matrixovych
vesikul. Kaartinen a McKee zjistovali
transglutamidzovou aktivitu v kosti a
kovalentni pficné vazby nekolagennich
bilkovin kostni matrix. Hunter a spol.
studovali inhibici tvorby hydroxyapatitu
fosfatovymi skupinami osteopontinu.
Fratzl a spol. referovali o jiz dfive
zjisténém faktu, a to Ze kolagenni fibrily se
méné prodlouZi pfi tahu nezli cela Slacha.
Simsaspol. zjistili, Ze nepfitomnost Fetézce
a,(1) ovliviiuje termélni stabilitu kolagenni
struktury.

V sekci vénované strukture a funkci
extracelularni hmoty popisovali Adams a
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Shapiro mechanismus mimobunécné
komponenty indukujici apopt6zu. Roach a
spol. vyslovili hypotézu, ze k trvalé
modulaci chondrocytl dochéazi bé&hem
osteoartritidy. Chondroenzymy v tomto
novém fenotypu exprimuji proteindzy -
MMP -7, MMP -9, VEGF. Kromé toho
zlstavaji aktivni amnoZise, ¢imz dochazi k
exponencialnimu vzrdstu poétu téchto
zménénych bunék. Distribuce a velikost
mineralnich krystalli u kostnich biopsif
studovali Roschger a spol. a porovnavali je
mezi bilymi a afroamerickymi Zenami
b&hem menopauzy. Nezjistili v3ak
podstatnéjsi rozdily. Podle Reese a
Rooneye ma vaskularizace kostni tkané
vliv na prdbéh osteoartritidy.
Subchondrélni kost je pfi osteoartritidé
hypervaskularizovana. Biologickou fixaci
implantll (C-C kompozity, polymericky
polyethylen) na kostnim povrchu popsali
Adam a spol. Loty a spol. zddraznili
vyznam povrchu bioaktivniho skla na
diferenciaci kostnich bunék a néslednou
apozici kostni matrix umozfujici vazbu
bioaktivniho materidlu na kost. Souhrny
vétSiny zminénych pfispévkd jsou
pripojeny v originalni verzi.

Butler a Qin ve své prednasce se
vénovali ECH bilkovindm, zvlasté pak
dentinovému sialproteinu (DSP) a
dentinovému fofoproteinu (DPP), které
jsou syntetizovany odontoblasty a pre-
ameloblasty. DSP je glykoprotein bohaty
na sialovou kyselinu, DPP je wvysoce
fosforylovan a véZe na sebe vépnik a
iniciuje tvorbu hydroxyapatitu, ale
neovliviiuje rlst krystali. Obé tyto
bilkoviny jsou syntetizovany jako jednotny
DSPP a teprve nasledné dojde k
proteolytickému S$tépeni a vzniku
samostatnych DSP a DPP. Pfisludné
proteindzy a misto Stépeni nejsou dosud

zndmy. Mutace u DSP byly zjistény u
dominantni formy dentinogenesis
imperfecta. Qin a spol. zjistili, Ze DSPP je
syntetizovan i osteoblasty, v kostech je
vSak jeho koncentrace podstatné mensi
nezliv dentinu.

IGF -BINDING ACTIVITY IN
ARTHRITIC SYNOVIAL FLUID

S.N. Watson', K.1. Austin’, C.F. Rust’, W.R.
Green’and FE. Grissom'

Departments of Physiology & Biophysics *
, Medicine”and Pathology’

Howard University, Washington D.C. USA

The insulin-like growth factor (IGF)
axis which includes the IGFs, IGF binding
proteins (IGFBPs) and IGFBP proteases
has been implicated in several pathologies
associated with reduced cell growth or
metabolic activity .The aim ofthis study
was to characterize the IGFBP activity
found in synovial fluid from rheumatoid
and osteo-arthritic subjects and to compare
it with that ofnon-arthritic subjects. IGFBP
activity was examined in specimens from
subjects diagnosed to have arthritic disease
using non-reducing PAGE, followed by
Western ligand blot analysis as well as
chromatography. Relative binding potency
ofthe IGFBP activity was determined with
displacement cutves generated, on P AGE-
separated bands, after transfer to
nitrocellulose using unlabeled IGF-2 to
compete with 1251-1GF-2. Blot band
density was determined using the Sigma
Scan Pro program after 2D densitometry
.The identity of several well characterized
IGFBP bands in these fluids was confirmed
by Westem immuno-blot methods. Eight
IGFBP activity bands, including one
doublet, were identified in arthritic
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synovial fluid while non-arthritic fluid
contained only five bands. All IGFBP
bands in non-arthritic fluid and five of the
activity bands in arthritic fluid were
identified as IGFBPs 3, 4, 5 or 6. Two ofthe
unidentified bands in arthritic fluids were
found to have sizes of 84kDa and 199kDa,
respectively. The remaining band, which
failed to enter the 10% separating gel, had a
size that was greater than 201 kDa. All of
these bands were determined to have
displacement curve mid-points in the 10™
M range against IGF-2. Arthritic synovial
fluid demonstrated elevated IGFBP 3, 4, 5
& 6 IGF binding activity of 15 and 60%
when compared to that of non-arthritic
fluid. These studies confirm a significant
increase in IGFBP 3, 4, 5 and 6 binding
activity in arthritic synovial fluid.
Additionally, the presence of three high
molecular weight IGFBP bands under these
conditions suggest either the presence of a
new group of these proteins or that known
IGFBPs may be covalently bound to other
molecules in arthritic synovial fluid.

THE PARATHYROID HORMONE
RECEPTOR IS ASSOCIATED WITH
BOTH GROWTH PROMOTING AND
GROWTH INHIBITING EFFECTS IN
MESENCHYMAL CELLS

Hen-Li Chen', Burak Demiralp ** Abraham
Schneider' Amy J. Koh', Caroline Silve®,
Cun-YuWang*, Laurie K. McCauley'.
'Periodontics/Prevention/Geriatrics,
University of Michigan, Ann Arbor,
Michigan, USA, ’Department of
Periodontology, Faculty of Dentistry,
Hacettepe University, Ankara, Turkey, °
INSERM U. 426, Faculty de Medicine
Xavier Bichat, Paris, France, 4Biologic and
Materials Sciences, University of

Michigan, AnnArbor, Michigan.

To form bone, multipotential
mesenchymal cells proliferate and
differentiate into osteoblasts. After bone
formation, the majority of osteoblasts die
due to apoptosis. Recent studies suggest
that suppression of osteoblast apoptosis
plays a major role in the anabolic action of
PTH, but PTH effects on apoptosis of
osteoblastic cells have not been well
characterized. The PTH receptor (PTH-IR)
is the major receptor responsible for
skeletal actions of PTH and PTHrP.
Evidence suggests that the PTH-IR affects
proliferation, differentiation and apoptosis
of cells during bone formation. Still, the
role of PTH-IR during bone formation has
not been thoroughly explored. In this study,
C3HIO0TI/2 cells, multipotential
mesenchymal cells, transfected with
normal and mutant PTH-IRs were used to
explore the roles of PTH, PTHrP, and PTH-
IR in osteoblast differentiation. Expression
of functional PTH receptors incr~ased
viable cell numbers and promoted
osteocalcin gene expression in vitro. In
addition, the PTH and PTHrP effects on
apoptosis were dependent on cell status.
PTH and PTHrP suppressed apoptosis in
more immature preconfluent mesenchymal
cells, but promoted apoptosis in more
mature postconfluent cells. The
bidirectional effects of PTH and PTHrP on
apoptosis were highly dependent on the
PKA pathway .In preconfluent cells,
antiapoptotic effects were mediated
through cAMP , CREB and the AP-I
complex. In more mature postconfluent
cells, cAMP activation and loss of Akt
phosphorylation were involved in the
proapoptotic effects. These data suggest
that PTH, PTHrP, and PTH-IR accelerate
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Nemere?, D Larsson’, AW Norman®, J
Rosser', D Dombroski', DD Dean', and Z
SChWartz"*.

'U Texas HIth Sci Cntr, San Antonio, TX;
“Utah State U, Logan, UT; °U Califomia,
Riverside, CA: ‘Hebrew U, Jerusalem,
Israel

la,25-(OH)2D3 exerts its effects on
chondrocytes and enterocytes via both
nuclear receptors (I,25-nVDR), and
through a separate membrane receptor
(1,25- rn VDR) that activates protein kinase
C (PKC) in these cells. 24R,25-(OH)2D3
also stimulates PKC, but through different
membrane-dependent mechanisms.
Regulation of bone by vitamin D3 occursin
part through the direct action of la,25-
(OH)2D3 on osteaoblasts via the 1,25-
nVDR. In addition, there is evidence that
the rapid effects of la,25-(OH)2D3 on
osteoblasts also occur via a 1,25-mVDR.
24R,25- (OH)2D3 has also been found to
regulate osteoblasts. Here, we examined
whether osteoblasts possess membrane
receptors for la,25-(OH)2D3 and 24R,25-
(OH)2D3 that are involved in the activation
of PKC and are differentially expressed as a
function of maturation state in the
osteoblast lineage. Six different osteoblast-
like cells were used in the study. At
confluence, the effect of la,25-(OH)2D3
and 24R,25-(OH)2D3 on PKC specific
activity was determined. la,25-(OH)2D3
differentially caused a rapid increase in
PKC that was dependent on cell type. The
greatest effect was observed in well
differentiated (UMR-106, MC-3T3-El)
and moderately differentiated (ROS 17/2.8)
cells. The tissue mature cells (MG63, FRC
and 2T3) did not respond to la,25-

(OH)2D3. However, in long-term cultures
of preosteoblastic fetal rat calvarial (FRC)
and 2T3 cells treated with rhBMP-2 to
promote differentiation, 1 a,25-(OH)2D3
stimulated PKC activity .The effect was
stereospecific since only la,25-(OH)2D3,
and not 1a,25-(0H)2D3, stimulated PKC.
ADb99, a polyclonal antibody generated to
the chick enterocyte 1 ,25-rn VDR,
inhibited response to la,25-(OH)2D3 in all
cell types. In contrast to the results with
la,25- (OH)2D3, 24R,25-(0H)2D3
stimulated PKC in short-term FRC and 2T3
cultures, and in ROS 17/2.8 cells, but had no
effect on the more mature cells (UMR-IO6,
MC- 3T3-El). Relatively immature MG63
cells displayed no response. The effect of
24R,25-(OH)2D3 on PKC was
stereospecific; 24S,25-(OH)2D3 had no
effect. Plasma membranes from both
UMR-106 and MC-3T3-El cells exhibited
specific binding for la,25-(OH)2D3 typical
of positive cooperativity. Further, Westem
analysis of these membranes demonstrated
the presence of a Mr 64 kDa protein that
reacted with Ab99 and did not cross-react
with antibodies to the C- or N-terminus of
annexin Il or antibodies against the nuclear
receptor. Thus, response to la,25-(OH)2D3
and 24R,25-(OH)2D3 depends on
osteoblast maturation and is mediated by
specific and distinct membrane receptors.
(Supported by NIH grants DE-O5937, DE-
08603, and AR-43775; the Center for the
Enhancement ofthe BiologylBiomaterials
Interface at UTHSCSA)

TRANSGLUTAMINASE ACTIVITY
IN BONE AND COVALENT CROSS -
LINKING OF NONCOLLAGENOUS
BONE MATRIXPROTEINS
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MT Kaartinen and MD McKee
(Department of Anatomy and Cell Biology,
and Faculty of Dentistry, McGill
University, Montreal, Canada)

The extracellular matrix of bone
contains many noncollagenous proteins
that undergo extensive posttranslational
modification prior to secretion. In addition
to these initial, intracellular modifications,
in vitro studies have demonstrated that
certain noncollagenous proteins are further
modified extracellularly by
transglutaminase (TG) enzymes. TGs
create intra- and intermolecular, covalent
isopeptide cross-links generating high-
molecular weight forms of corresponding
monomeric proteins. In this study , we have
investigated TG-mediated cross- linking of
proteins in bone and provide further in vivo
evidence of such covalent modifications by
showing TG activity and high-molecular
weight protein aggregates in bone extracts.

To assess TG activity, bone proteins
were released from frozen, pulverized long
and flat rat bones by sequential,
dissociative extraction using 4 M
Guanidium- HCI (Gl-extract), 0.5 M EDTA
(E-extract) and 4 M Guanidium-HCI (G2-
extract). TG activity was detected directly
using a biotin incorporation assay
involving incubation of the E-extract at
37°C in the presence of 5-biotinpentyl
amine, dithiotreitol and CaCb. Reaction
products were separated by SDS-P AGE,
and biotinylation of proteins by
endogenous TG activity was assessed by
Westem blotting using extravidin-HRP
conjugate and chemiluminescence. TG-
mediated protein biotinylation occurred at
2 protein bands between 60 and 70 kDa that
stained for osteopontin. The incorporation
of biotin into these protein bands was

abolished in the presence of monodansyl
cadaverine, cystamine and EDT A-all well-
established inhibitors of TG. Despite the
strong TG activity in the E-extracts, the
abundant TG isoforms tissue TG and
Factor Xllla were not detected, thus
suggesting that another (possibly novel)
isoform of TG may be present in bone. To
identify potential substrates in bone for this
TG activity, the G 1-, E-, and G2- extracts
were subjected to Westem blotting and
screened in the high-molecular weight
range with antibodies against major, well-
known bone matrix proteins, including
osteopontin, bone sialoprotein, fibronectin,
fetuin, bone acidic glycoprotein- 75 and
osteonectin. Of these proteins, antibodies
detected osteopontin, bone sialoprotein and
fetuin in high-molecular weight protein
aggregates; fetuin in the G 1- and E-extract
aggregates, and osteopontin and bone
sialoprotein in the E- and G2-extract
aggregates -observations consistent with
their possible cross-linking by TG in bone.

These results provide additional
evidence for TG-mediated, covalent cross-
linking activity in bone, and suggest
putative candidate proteins that could be
modified by this enzyme. TG-mediated
cross-linking, possibly creating stabilized
networks of assembled proteins, likely
participates in establishing appropriate
cell-matrix, matrix-matrix and matrix-
mineral interactions in hard tissues.
Supported by the Canadian Institutes of
Hea/th Research and the Canadian
Arthritis Network.

IMPORTANCE OF
NTERMOLECULAR CROSS - LINKS
FOR THE MECHANICAL
BEHAVIOUR OF COLLAGEN
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UNDER TENSILE STRESS

P. Fratzl **, R. Puxkandl, I. Zizak', H.
S.Gupta', P. Roschger?, O. Paris’,
H.Amenitsch®; S. Bemstorff’, K.
Klaushofer’

'Erich Schmid Institute of Materials
Science, Austrian Academy of Sciences &
UniversiZ of Leoben, Leoben, Austria;
“Ludwig Boltzmann Institute of Osteology
& “Med. Dept., Hanusch Hospital & UKH-
Meidling, Vienna, Austria; °Sincrotrone
Trieste, Strada Statale 14, Basovizza, Italia.

Aim: Collagen | is the main organic
constituent of bone and its mechanical
properties are crucial for determining the
fracture properties ofbone. To elucidate the
mechanisms involved in the deformation of
collagen under tensile stress, we study the
structural changes occurring during the
stretching process. Previous investigations
have revealed different cooperative
mechanisms for the deformation, one being
the side-by-side gliding of collagen
molecules during stretching of
intermolecular cross-links [1]. To gain
further insight into this behavior we have
compared normal and cross-link deficient
collagen from tail tendons of rats treated
with beta- aminoproprionitrile (beta-APN).
Further, the orientation dependence of
mechanical properties in mineralized
collagen was studied by nanoindentation
on mineralized turkey leg tendons (MTL
T). Methods: Tail tendons were obtained
from 6 and 7 week old rats treated 3 weeks
with 0.4 and 0.17 g/day of beta-APN,
respectively. Structural changes during
deformation were followed in-situ with x-
ray diffraction at the Synchrotron Radiation
Source ELETTRA (Trieste). Experiments
were conducted for different strain rates
ranging from 8 10-5 s-' to 3 10-3 S-I. The

collagen D-period was extracted from the
diffraction pattems as a function of the
applied load. Nanoindentations were made
on embedded MTL T sections cut at 5
angles ( from 0° to 900) to the fibril axis.
Results: Many tendons showed a load-
displacement curve with a marked plateau
characteristic for immature or cross-link
deficient collagen. The strain inside the
collagen fibrils was estimated by cD = (D-
Do)IDo, where Do is the value of D before
stretching and compared to the total strain
ofthe tendon cT. ED was always smaller
than cT, which suggests that some shearing
occurs in the matrix between the fibrils
(probably corresponding to a shift of fibrils
with respect to each other). The ratio R =
EOo/ET of the strains in the fibrils and the
whole tendon was calculated and plotted as
a function of the strain rate applied to the
tendon. While R increases with strain rate
in normal tendons [1], we observed a
decrease of R for the cross-link deficient
collagen. Nanoindentation modulus of
MTL T decreased with increasing angle to
fibril axis. Conclusions: Collagen fibrils
were found to extend less than the whole
tendon under stress. While this effect gets
less pronounced in normal collagen when
the strain rate is increased, the opposite
occurs in cross-link deficient collagen. We
interpret this by a viscous relaxation of the
matrix betWeen fibrils. In normal collagen,
this leads to a relatively smaller extension
of the matrix when the tendon is stretched at
a higher rate. In collagen froni beta-APN
treated rats, fibrils are becoming more iluid
than the surrounding matrix (due the
reduced cross-link density in the fibrils),
which could explain the inverse strain-rate
dependence. The variation of indentation
modulusin MTL T is related to the mineral-
collagen arrangement, with mineral
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crystals arranged anisotropically even in
the plane normal to the fibril axis.
Reference: [ 1 ] P .Fratzl et al., J .Struct.
Biol. 122,119-122 (1997).

IN VITRO STIMULATION OF
OSTEOBLAST DIFFERENTIATION
AND BONE TISSUE FORMATION BY
BIOACTIVE GLASSES

C. Loty', J.M. Saut:ier". S. Loty", S. Hattar',
D. Greenspan’, A. Berdal'

'Laboratoire de Biologie Orofaciale -
Pathologie, UFR Odontologie, EM101 02,
Université Paris 7, 15-21 rue de I'Ecole de
Médecine, F-75270 Paris Cedex 06,
France, > US Biomaterials Corporation,
Alachua, Florida, USA

In this study, we have investigated the
behavior of fetal rat osteoblasts cultured on
bioactive glasses with 55wt% silica content
(55S) and on a bioinert glass (60S) used
either inthe fonn of granules or disks. Inthe
presence of Bioglass* granules, phase
contrast microscopy pennitted step-by-step
visualization of the fonnation of bone
nodules in contact with the particles.
Ultrastructural observations of
undecalcified sections revealed the
presence of an electron-dense layer
composed of needle-shaped crystals at the
periphery of the material that seemed to act
as a nucleating surface for biological
crystals. Furthermore, EDX analysis and
electron diffraction patterns showed that
this interface contains calcium (Ca) and
phosphorus (P) and was highly crystalline.
When rat bone celJs were cultured on 55S
disks, scanning electron microscopic
(SEM) observations revealed that cells
attached, spread to all substrata and formed
multi-layered nodular structures by day 10

in culture. Furthermore, cytoenzymatic
localization of alkaline phosphatase (AP)
and immunolabelling with bone
sialoprotein antibody revealed a positive
staining for the bone nodules formed in
cultures on 55S. In addition, the specific
activity of AP determined biochemically
was significantly higher in 55S cultures
than in the controls. SEM observations of
the material surfaces after scraping-off the
cell layers showed that mineralized bone
nodules remained attached on 55S surfaces
but not on 60S. X-ray microanalysis
indicated the presence of Ca and P in this
bone tissue. The 55S/bone interfaces were
also analyzed on transverse sections. The
interfacial analysis showed a firm bone
bonding to the 55S surface through an
intervening apatite layer , confirmed by the
X -ray mappings. All these results indicated
the importance of the surface composition
in supporting differentiation of osteogenic
cells and the subsequent apposition of bone
matrix allowing a strong bond of the
bioactive materials to bone.

BIOLOGICAL FIXATION OF SOME
IMPLANTSBY BONE SURFACE
M.Adam. V.PeSakova, M.Petrtyl*,
K.Balik**
Rheumatological
Technical University,
Acad.Sci.CR, Prague, Czechia

Institute, *Czech
**|RSM,

Aim of the study was to prove biological
fixation of two different kinds of implants:
either by C-C pyrolytic composites or by
polyethylene (PE) with hydrophilic or
hydrophobic outside.

Methods: C-C composites containing
carbon fibers were prepared from plane-
wowen cloth (Torayca Carbon Fibres
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T800) and phenolic resin. The samples
were carbonized at the heating rate of 500
C/hr ut' 1 0000 C in nitrogen atmosphere.
Afterwards they were graphitated at 2200 C
in argon atmosphere. Two biocompatility
tests were performed in vitro using
fibroblasts: a) proliferation of fibroblasts
on the tested materials, b ) determination of
cells metabolic activity in the medium
prepared by four fold extraction of both the
tested materials in an autoclave. The cell
metabolic activity was established by the
color reaction after 48 hours cultivation
with dimethylthiazol- diphenyltetrazolium
bromide (Sigma, Germany) using Elisa
reader. Biocompatibility in vivo was proved
by implantation thematerials impregnated
by the copolymer collagen -proteoglycan
(CCP) either subcutaneously into rats or on
the bone surface into pigs. The
biocompatibility reaction was studies by
the expression of fibronection, chondroitin
sulfate, alkaline phosphatas e, cytokines
(H-la, 1-6, 11-13, TNF-a.) and by
macrophage markers EDI, ED2 in the new
formed tissue in the neighborhood of
implants. Tissue reaction to CCP
impregnated and nonimpregnated
materials was compared.

Results: in vitro proliferation test showed
good biocompatibility of both tested
materials, only the fourth extract exhibited
slightly inhibition on the cells metabolic
activity .In vivo tests C-C implants
stimulated connective tissue (CT)
formation, which was infiltrated by Ac-
phosphatase positive macrophages more
intensively than PE. When implants were
impregated with CCP 2 months later CT
formation was more expressed with rather
high concentration of type 111 collagen. 10
month after insertion of implants covered
with CCT were encapsulated in rather firm

tissue containing high concentration of
collagen type I fibers. When materials were
inserted to bonesl bone synthesis de novo
was present and the sutface of newly
formed CT was covered with osteoblasts.
Conclusions: PE as well as C-C materials
are biocompatible, but C-C materials has
tendency for crumbling. Impregnation of
materials with CCP accelerates their
biological fixation.

THE ROLE OF BONE
VASCULARISATION IN
OSTEOARTHRITIS.

ReesA.A. & Rooney P.

Department of Basic Dental Science,
Dental School, University of Wales
College of Medicine, Heath Park, Cardiff,
CF44XY, UK.

Osteoarthritis (OA) consists of a
retrogressive sequence of cell and matrix
changes that result in loss of articular
cartilage structures and function
accompanied by cartilage repair and bone
remodelling reactions. Considerable
remodelling of the underlying bone is
evident from alterations in gross structure,
increased bone forrnation, and changes in
trabecular bone pattern. The increased bone
formation is believed to be due to
differentiation of osteogenic precursor
cells within the surrounding bone marrow
but the trigger for the differentiation is
unknown. The subchondral bone in OA is
hypervascular and in this report we
demonstrate that factors derived from
blood vessel endothelial cells are capable of
inducing enhanced osteogenic
differentiation from bone marrow
osteogenic precursor cells. Thus, increased
vascularity may be the cause of increased
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bone forrnation.

To investigate the influence of
endothelial cell products on bone marrow-
derived osteogenesis, mammalian bone
marrow was cultured in vitro either as a
single cell suspension or as a marrow plug
in organ culture, in endothelial cell- derived
conditioned medium (ECCM). Fresh tissue
culture media was used as a control. ECCM
was obtained from confluent cultures of
bovine aortic, human umbilical cord and
human dermal microvascular cells.

Examination of single cell suspensions
demonstrated a six-fold increase in cell
number in ECCM cultures when compared
with controls. This increase was
accompanied by an increase in the
biosynthesis of osteogenesis-related
markers, type 1 collagen, alkaline
phosphatase and osteocalcin.

Organ cultures grown in ECCM
exhibited true bone formation within 14
days with a frequency in excess of 93%.
This bone was fully mineralised and
consisted of osteocytes and osteoblasts.
The extracellular matrix was positive for
osteogenic markers including type |
collagen, decorin, osteopontin, osteocalcin
and bone sialoprotein Il. Marrow plugs
grown in control media remained viable but
remained as a tibroblastic layer and
demonstrated no evidence of
mineralisation.

These data indicate that endothelial
cell products stimulate both cell
proliferation and osteogenic differentiation
in bone marrow cultures. W e suggest that
the increased vascularity observed in OAis
directly responsible for the increased
subchondral bone deposition.

“OSTEOARTHRITIC™

CHONDROCYTES ARE AN
ALTERED PHENOTYPE WHICH
ARISES AFTER AN ASYMMETRIC
CELL DIVISION: A NOVEL
HYPOTHESIS

H.l.Roach, R.O.C. Oreffo, N. M. P .Clarke
University Orthopaedics, University of
Southampton, UK

Osteoarthritis (OA) is a progressive
disease whose aetiology is still unknown.
Previous studies have indicated that OA
chondrocytes are different from normal
articular chondrocytes. Hence the aims
ofthe present study were i) to further detine
the phenotype ofOA chondrocytes and ii) to
investigate the cellular mechanisms that
underlie the change in phenotype.

We obtained human articular cartilage
from femoral heads after total hip
arthroplasty due to OA or following
fracture ofthe neck offemur. Specimens
were graded based on the histological
severity ofmatrix destruction {Mankin
score, Ms). Overall morphology was
assessed after staining with alcian
blue/sirius red or safranin-O. Metabolic
activity, cell viability and death were
assessed by confocal microscopy after
labelling with Cell tracker green {CTG)
and ethidium homodimer-I. The following
proteins were immunolocalized: c-Myc, an
indicator of cell activation; proliferating
cell nuclear antigen {PCNA\) as a marker of
cell division; the matrix metalloproteinases
MMP-3 and MMP-9, which are known to
be involved in cartilage

degradation; TIMP-1, an inhibitor
ofMMPs; and VEGF. a key angiogenic
molecule.

Samples were classitied into controls
{Ms = 0-1), low degradation {Ms = 2-4)
and severe degradation {Ms = 7-10).
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Controls had a smooth cartilage surface and
little loss ofproteo- glycans. Chondrocytes
had low metabolic activity and rarely
divided. There was 11Q synthesis of MMP-9
or VEGF; TIMP-I was present sporadically
and some chondrocytes ofthe superticial
zone were immunopositive for MMP-3.
Low degradation: The overall cartilage
thickness was similar to controls, the
surface was still smooth, but proteoglycans
had been lost from the superticial zone.
Around 50% ofthe chondrocytes in the
superticial zone and 20-30 % ofthose

in the deep zone had become activated,
divided, forming clones that were positive
for MMP-3, - 9, and VEGF .The cells in the
intermediate zone remained inactive and
negative for these proteins. Severe
degradation: The thickness of cartilage
was reduced to half, proteoglycans had
been lost throughout the zones and
extensive tibrillations were present. The
vast majority of chondrocytes were present
in clones of 4-32 cells. These were highly
metabolically active cells, which
underwent frequent cell divisions, and all
clonal chondrocytes synthesized MMP-3,
MMP-9and VEGF, butno TIMP-I.

Asymmetric cell divisions always take
place at branch points in lineage
commitment. Such divisions were
observed in single chondrocytes located at
the perimeter of activated cells. The result
was one cell that was viable and one that
was apoptotic. The viable cell remained
activated (c-Myc positive) and started to
produce MMP-3 and -9. Further symmetric
{mitotic) cell divisions then propagated the
new phenotype.
Conclusions: We hypothesize that a
permanent modulation of articular
chondrocytes occurs during OAand that the
crucial initial event is an asymmetric cell

division. Cells of the news "osteoartritic
phenotype constitutively express
proteinases, which are normally
suppressed, such as MMP-3 and -9, as well
as VEGF. Unlike normal articular
chondrocytes, these cells remain active and
continue to divide, thus exponentially
increasing the numbers of altered cells with
the potentially destructive set of
degradative enzyms. If the altered
phenotype could be induced to revert back
to normal, then new avenues for the
prevention or treatment of OA could be
developed.

THE ABSENCE OF THE a2-CHAIN
AFFECTS THE THERMAL AND
CROSS - LINK PROPERTIES OF OIM
MOUSE TISSUES

T.J.Sims, C.A.Miles, A.J. Bailey_and N.P.
Camacho®

Collagen Research Group, University of
Bristol, UK, Research Division, “Hospital
for Special Surgery, NY, USA.

The homozygous oimloim mouse, a
model of moderate to severe osteogenesis
imperfecta (Ol), contains a G nucleotide
deletion in the Cola-2 gene that results in
production of a collagen al(l) homotrimer
(Chipmanetal, PNAS 90:1701, 1993). The
absence of the a2 chain from the Type |
collagen presents an opportunity to study
it's influence of on the stability of the triple
helix, and also provides a model for an
interpretation of the reduced mechanical
properties associated with Ol.

The goal of this study was to detennine
whether the reduced mechanical stability of
the tissues may be in part due to changes in
the intennolecular cross- linking and the
effect of the absence of the hydrophobic a2
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chain on the thermal properties of the triple
helix. Tendon and collagen fibres from
demineralised tibial bone from 6 week old
male oimloim and wildtype ( +/+ ) mice
were analysed by HPLC for cross-links and
amino acid content, and by differential
scanning calorimetry (DSC) for thermal
denaturation properties. Analysis of the
intennolecular cross-links revealed a
significant decrease in the major cross-
links of oimloim tendon, aldimine
(dehydro-hydroxylysinonorleucine) by
24%, and hone collagen, the keto-imine,
(hydroxylysino-keto-norleucine), by 8%,
compared to the +/+. These reductions in
the stabilising cross-links could account for
the loss of strength of the tendon and bone
of the oim/oim mouse. DSC revealed a
higher collagen denaturation temperature
for the oim/oim compared to the +/+ of 2.6
C, in contrast to previous studies
employing circular dichroism. The
difference in temperature is readily
accountable by the higher hydroxyproline
content of the three a.l chains compared to
the heterotrimer containing the a2 chain.
The enthalpy of the homotrimer was
significantly lower (40%) than the wildtype
for both the monomer and the fibre, and the
difference between the two denaturation
temperatures clearly indicates some
disorder in both the triple helix and the
alignment of the molecules in the fibre.
Previous studies on type | homotrimer
cultured from explant fibroblasts from Ol
patients revealed over- hydroxylation of
lysine, and homotrimer isolated from
embryonic skin and tumours possessed a
genetically distinct a 1 chain. Examination
of the composition ofthe oimloim
homotrimer demonstrated an identical
alpha | chain to the +/+ and a nonnal
hydroxylysine content. In conclusion, the

absence of the a2 chain in type I collagen
increases the denaturation temperature but
decreases both the stability of the triple
helical monomers and the fibres. These
studies demonstrate that the oim/oim type |
collagen homotrimer provides a good
model for studying the stabilising role of
the a2 chain inthe Type | heterotrimer.

MECHANISMS BY WHICH EXTRA
CELLULAR MATRIX
COMPONENTS INDUCE
OSTEOBLAST APOPTOSIS.
C.S.Adamsand . M. Shapiro.

Department of Biochemistry, School of
Dental Medicine, University of
Pennsylvania, Philadelphia, PA19104.

Aim of the study: Bone cell apoptosis
is seen at sites of active tumover. We
hypothesize that at these sites, factors
released from resorbing bone induce
apoptosis of vicinal cells. Related to this
observation, earlier studies indicate that an
elevation in the level of inorganic
phosphate ions (Pi) combined with slight
increases in calcium (Ca2+)

concentration or a rise in the local
concentration of RGD-containing peptides
promote osteoblast apoptosis. The aim of
the current investigation is to elucidate the
mechanism by which these extracellular
matrix components induce bone cell
apoptosis.

Methods: Human primary osteoblast-
like cells from explant cultures and
MC3T3-El cells were treated with Ca2+
(1.8-2.3mM) and Pi (1-7 mM). Ina parallel
study, cells were treated with RGD-
containing peptides (RGD, RGDS,
GRGDSP) as well as control peptides
(RGES, GRGDNP) at concentrations
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ranging from 1 -5 rnM. Cell death was
determined by the MTT assay: apoptosis
was confirmed by both TUNEL and TEM
analysis. Intracellular caspase activity was
evaluated by blocking caspase activation
using specific as well as generalized
caspase inhibitors; in addition activity was
determined utilizing a fluorescent caspase
substrate. Confocal microscopy using
fluorescent probes was used to report the
intracellular Ca2+ concentration,
generation of reactive oxygen species,
changes in ATP levels and mitochondrial
mass and membrane potential.

Results: Both RGD-containing
peptides and the Ca2+- Pi ion pair induce
apoptosis. Apoptosis is quite rapid,
occurring within 2 to 6 h of treatment. Of
the peptides studied, GRGDSP is more
potent then RGDS; surprisingly, RGD had
no effect on the bone cells. The mechanism
by which both sets ofapoptogens induce
apoptosis is similar. Following treatment
with the apoptogens, caspase -3 activity is
up-regulated. Caspase inhibitors block
peptide and ion-dependent apoptosis.
Confocal microscopy showed that the
apoptogens cause hyperpolarization of the
mitochondria. For ion pair treated cells,
there is a subsequent loss of potential; cells
treated with RGD-containing peptides
maintain their transmembrane potential.
Finally , in concert with the increase in
mitochondrial membrane potential, there is
an accumulation of oxygen radicals.

Conclusions: The data presented in this
study clearly demonstrate that osteoblasts
are sensitive to peptide fragments and
solubilized mineral ions. It is reasonable to
expect that these apoptogens would be
generated by osteoclasts during resorption
of the extracellular bone matrix. On the
basis of the data presented here, we suggest

that all of these components conspire to
regulate bone cell function. In terms of the
mechanism by which these agents activate
apoptosis it is clear that while they share
common pathways, there are some
differences in the mechanism of apoptosis.
These differences appear to be upstream of
caspase activation. The observation that
two such pathways exist lends strength to
the notion that apoptosis is carefully
regulated in bone and that signals from both
matrix components act together to trigger
the remodeling process.

ULTRASTRUCTURAL STUDIES OF
HYPERMINERALIZED BONES

W. Traub' L. Zylberberg®, V. de Buffrenil®
and S.Weiner".
'The Weizmann
Rehovot, Israel
*University of Paris 7, Paris, France

Institute of Science,

Most vertebrate boney tissues are
composed mainly of mineralized collagen
fibrils containing parallel arrays of platey
crystals of carbonate apatite. This mineral
commonly comprises about two-thirds by
weight of the bone. However, several
tissues with specialised functions have very
much higher mineral contents. We have
studied several such bones using mainly
electron microscopy and electron
diffraction to determine their
ultrastructures and to relate these to their
mechanical properties. The rostrum of the
toothed whale M. densirostris was found to
contain parallel rods composed of stacked
strips of highly crystalline carbonate
apatite and enclosed in tubules of thin
collagen fibrils. No structure like this had
been described before, but now we have
found this same motif in tympanic bullae
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from the inner ears of the fin whale
Baleonoptera and a dolphin. This highly
oriented structure with little collagen, can
account for these bones being unusually
hard and dense, but very brittle. This
structure differs from that found in
pathological Brittle Bone Syndrome
(Osteogenesis Imperfecta) but has some
resemblance to hypermineralized
peritubular dentin.

Adresa

Prof. MUDr. Milan Adam, DrSc.
Revmatologicky Ustav

NaSlupi4

12800 Praha?2
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KONFERENCE

CONFERENCE

SYMPOSIUM “LOCOMOTOR SYSTEM DISORDERS
BIOMECHANICAL ASPECTS
OF THE TREATMENT IN CHILDHOOD®,
LEKARSKY DUM, PRAHA 13.11.2001

0. MARIKOVA

Ambulantni centrum pro vady pohybového aparatu, Praha

Ambulantni centrum pro vady
pohybového aparatu pfi Katedfe
antropologie a genetiky ¢lovéka PFF UK v
Praze, Odbornd spolecnost ortopedicko-
proteticka Ceské Iékarské spolecnosti J.E.
Purkyné a OS CLK v Praze 3 usporadaly
13.11. 2001 v Lékarském domé v Praze 1,
Sokolskd 31 symposium Locomotor
System Disorders biomechanical
aspects of the treatment in childhood.

Cestnymi hosty Symposia byli pan
Ass. Prof. MUDr. J. Cheneau, svétovy
odbornik v oblasti ortotiky patefe a Prof.
MUDr. T. Karski, PhD, pfednosta détské
ortopedickeé kliniky v Lublinu.

Akce byla poradana v ramci dekady
kosti a kloubl 2000 - 2010 a patfila k
vzdélavacim akcim Ceské lékarské
komory.

Program:

J. Cheneau. Principles of action of the brace
and some results

T. Karski. The etiology of the so-called
idiopathic scoliosis. Biomechanical causes
in the development of spine deformity.
New rehabilitation treatment,
prophylactics

O. Marikova, |. Mazura, M. Kuklik, I.
Marik. Etiopathogenetic knowledge about
biomechanically severe collagenopathies

P. Cerny. Technical possibilities and
biomechanical principles of effectiveness
of the Dynamic corrective spinal brace -
patent281 800 CZ

I. Marik, P. Cerny, P. Zubina, J. Culik.
Establishment  of effectiveness of the
Cheneau-brace and Dynamic corrective
spinal brace according to Cerny

Petrtyl, 1. Méaca. Modelling of skeletal
elements by integration CT and FEM

J. Culik, 1. Mafik, P. Cerny, P. Zubina.
Computer Simulation of Spine Deformities
Treatment with Orthoses

M. Petrtyl, J. Hrudka. Biocomposites

P. Korbelaf. Operative treatment of spine
deformities

M. Petrtyl, I. Mafik, L. Melzerova.
Rheological properties of compact bone

I. Mafik, P. Cerny, J. Culik, D. Zemkova, P.
Zubina. New limb orthoses with high
bending pre-stressing

M. Kuklik, J. Straus, V. Roubal, I. Mafik.
Comparison of geometrical and
dermatoglyphic signs in congenital
anomalies

J. Straus, I|. Mafik. Systemic and
developmental disorders and their
reflection in podogram

V. Smrcka. Rehabilitation care about
surgical treatment of congenital hand
deformities
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J. Cheneau byl v Praze jiZz podruhé a
tak jako v roce 1998 i tentokrat prednesl
vysoce hodnotné sdéleni o metodach
tvarovani korzetu a principech
korzetoterapie s nazvem ““Principles of
action of the brace and some results®. T.
Karski pFednesl obsahly referat nazvany
”The etiology of the so-called idiopathic
scoliosis. Biomechanical causes in the
development of spine deformity. New
rehabilitation treatment, prophylactics®,
ve kterém poprvé v CR prezentoval
soucasné poznatky o vyvojové teorii
vzniku idiopatické skoliézy a své
zku3enosti s netradi¢nimi, ale G&innymi
zplsoby rehabilitadni [éCby.

PfednaSka profesora Karskiho, s
ndzornymi ukazkami cviceni na pozvanych
pacientech, byla velmi pdsobiva. Prof.
Karski seznamil posluchate s  teorii
etiopatogeneze "idiopatické skolidzy
patefe" na podkladé vrozené addukéeni
kontraktury  levého kycelniho kloubu
novorozence v dlsledku prvniho postaveni
plodu v déloze a moZnostmi jeji
rehabilitaCni Iécby. Podle jeho teorie je
"idiopaticka skoli6za" v 85 % v hrudni
krajiné dextrokonvexni a v bederni krajiné
sinistrokonvexni.

Profesor Tomasz Karski MD, PhD se
vénuje détem se skolidézou vice nez 15 let.
Problematiku tzv. idiopatickeé skolidzy a své
zkuSenosti uverejnil v monografii "The
book about so-called idiopathic scoliosis”,
kterd byla publikovana v Lublinu v roce
2000 (Tomasz Karski, Skoliozy tzw.
idiopatyczne  przyczyny, rozwoj i
utrwalanie sie wady. Profilaktyka i zasady
nowej rehabilitaci, Lublin, 2000,
Wydawnictwo KGM). Na zéakladé
sledovani souboru 886 déti a dorostenct s
rGznymi typy skolidzy ve véku 4 -17 let
doSel k z&véru, Ze podstatou idiopatické

skoliézy je abdukCni kontraktura pravé
ky€le. Znamky kontraktur jsou patrné jiz u
novorozencll. Addukéni kontraktura levé
ky€le mlze vést ke vzniku dysplastickych
zmén této kycle. Soucasné s timto
procesem dochazi k vyvoji abdukéni
kontraktury druhé - pravé kycle, ktera
zlistava nerozpoznana, a proto neni léCena.
Na jejim pokladé zaCina postupné vznikat
deformita panve, os sacrum, lumbalni a
hrudni patefe. Abdukéni kontraktura pravé
kyCle je téz zodpovédnd za funkeni
prodlouzeni pravé koncetiny a zkraceni
levé, asymetrii pasu, poruchu chize a
navyku stani na pravé noze.

Dle profesora Karskiho je 3Spatné
drZeni téla pfi chdzi hlavnim dvodem
vyvoje levostranné lumbalni skoliézy. U
nékterych déti dochazi k soucasnému Ci
naslednému vyvoji kompenzacni
deformity v oblasti hrudni patefe vpravo.
Nékdy jsou obé patologické krivky
pozorovany prevazné u déti mezi 4 - 6 lety.
S deformitou patefe stejné tak jako s
vrozenou dysplazii ky€li (syndromem
kontraktur) se setkdvame pfevazné u divek.

Biomechanickym podkladem vyvoje
"idiopatické skolidzy" je nedostateny
nesymetricky pohyb obou ky¢li, ktery vede
na postizené strané k patologickému
pohybu kompenzacnimu a naslednému
vzniku deformity panve, kosti kfizové a
lumbalni patere.

Pfi¢inou abdukéni kontraktury
vétSinou pravé kycle je kontraktura
mékkych tkani, a to tractus iliotibialis,
fascia lata, m. tensor fasciae latae, m.
sartorius, fascia m. glutei medii, fascia m.
glutei minimi a m. recti femoris. Rychlost
vzniku skolidzy a jeji progrese zavisi na
velikosti rozdilu addukce obou kycli.
Skoli6za je vétsi a fixuje se, pokud dité stoji
vahou pfevazné na pravé noze, jak je tomu
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ve VEtSiné pripadl. Déti se skoliézou
davaji prednost stani na pravé noze
vzhledem k pasivni stabilité kycle vlivem
kontraktur na jeji lateralni strané. Stani na
pravé noze je pro né mnohem snazsi,
prirozenéjsi. Tento jev ndm vysvétluje i
stranovy vyvoj skoliézy lumbalni vlevo a
hrudni vpravo. Skoliéza progreduje v
obdobi rlistu, kdy se pFi rychlém rlistu kosti
fixuje kontraktura mékkych tkani pravé
kycle. Skolidza se vzdy vyviji zdola nahoru
nejdrive lumbalni ¢i sakro-lumbalni vlevo
a potom hrudni vpravo. Sakro-lumbalni
skoli6za ¢i lumbalni je nékdy vidéna jen na
rentgenovych snimcich.

Mezi dalSi faktory ovliviiujici vyvoj
skoliézy patfi laxicita, kFivice, spasticita,
nedostatek pohybové aktivity a zejména
Spatnd rehabilitace protahovaci cviceni
vleZze na bfiSe tvari k zemi. Déti, které
nedélaji tato cviCeni maji vzdy mensi
skoli6bzu neZ ty, co provadéji tato
protahovaci cviceni. Cvi€eni na bfiSe tvari
k zemi skoliézu fixuji a zvyraznuji.

Predispozici ke skoliéze Ci pocinajici
skoliozu lze snadno odhalit klinickym
vySetfenim ve véku 4 - 5 let. Nejdfive je
potfeba zkontrolovat addukci obou kycli
pfi extenzi kloubl. MUZeme zjistit
abdukéni kontrakturu pravé kycle (5 - 10 st)
nebo jeji omezeni (0-5 - 10). Addukce levé
kyc€le bude v tomto pfipadé vétsi (25 30 35
40 st). Znamena to, Ze nebezpeci skolidzy
jeopravdu velké.

Déle je tfeba se zaméfit na pohyby
patere z flexe do extenze, které jsou u déti s
vyvijejici se skolidzou spojeny s pohybem
lateralnim. WsSetfeni se provadi ve stoje.
Vyznamné vykyvy do stran varuji pred
nebezpecim skoliozy.

U déti s pocCinajici skoliézou nejsou
patrné pfi flexi patefe trnové vybézky v
rozsahu Th 7 az Th 12. Znamena to, Ze se

vyviji ob& skoliézy v krajiné lumbalni i
torakalni a tato oblast patere se stava tuhou.
Lumbalni obratle se rotuji doleva a
torakalni doprava. Jedna se o prvni znamku
skolidzy (“twisted rope” Karski). Druhou
znamkou skoliézy je vyrovnani kyfézy v
dolni Casti hrudni péatefe. U déti s jiz
vyvinutou skolidézou je pfitomna flekeni
kontraktura obou ky¢li, vétsi vpravo.

Rentgenogram péatefe k hodnoceni
skoliozy méa byt zhotoven ve stoje s
natazenymi koleny a Spickami u sebe, aby
se predeslo mylnym interpretacim. Na
rentgenogramu  kromé hrudni a lumbalni
patefe by méla byt zobrazena panevni kosti
a kost k¥izova. PFi hodnoceni snimku se
miZeme setkat s Sikmym postavenim kosti
kfizové, posunem obratle L5, zménami téla
tohoto obratle (klinovity tvar), subluxaci
mezi L4 L5, posunem kosti stydkeé a rotaci
obou lopat kyc€elnich.

Novy pfistup k rehabilitalni terapii
skoliézy popisuje profesor Karski ve své
publikaci z roku 1998 The rehabilitation
exercises in the therapy and prophylaxis of
the so-called ““idiopathic scoliosis” (Acta
Orthopaedica lugoslavica, 29, 1998, 1,s.5
- 9), kde objasiuje, Ze tzv. idiopatické
skoliéza nenf zplisobena slabymi svaly na
konvexni strané skoliézy, ale kontrakturou
paravertebralnich sval(l, vaz(, Slach a
kloubnich pouzder na strané konkavni u
obou skoliéz. K oslabovani svalli dochazi
sekundarné. Cilem nové terapie je odstranit
kontraktury specialnim cvienim cviky
flekCnimi a flek&né-rotacnimi v sedé a ve
stoje. Jako zadjmova fyzicka aktivita jsou
doporucovany sporty, pfi nichz dochazi k
flekEné-rotacnimu protahovani, jako jsou
napf. judo, tae-kwon-do, karate, aikido,
j6ga, sportovni gymnastika a akrobacie.

V pfipadé zajmu o konzultaci s prof.
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Tomaszem Karskim M.D., PhD je Adresa

mozné se osobné obratit na adresu: MUDr. Olga Mafrikova
Zitomirska 39
Prof. Tomasz Karski M. D, Ph. D. 101 00 Praha 10

Orthopaedic University Paediatric
Department, Lublin

Medical Academy, Lublin, Poland
20-093 Lublin, 2 Chodzki Street

Tel +48(81) 7185570

Fax +48(81) 7415653

E-mail tkarski@dsk.lublin.pl

OBRAZOVE LOGO Z OBALKY CASOPISU

RTG obraz dolnich koncetin a lebky tfimési¢niho kojence s osteogenesis imperfekta ( I11. typ dle Sillence), RTG
bederni patefe v bocné projekci téhoZ pacienta ve véku 6 let. Angulace dlouhych kosti dolnich koncetin po
frakturach v perinatalnim obdobi, wormianské kistky (ossa suturarum) lebky, bikonkavni tvar bedernich obratld.
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ZPRAVY

7. KUBATUV PODOLOGICKY DEN,
LEKARSKY DUM, PRAHA 9. BREZNA 2002

Ambulantni centrum pro vady
pohybového aparatu a Ortopedicko -
proteticka spolec¢nost CLS JEP spolus NZZ
Ortopedica a s Ceskou podiatrickou
spolecnosti usporadaly v Lékarském domé
"7. Kubatdv podologicky den". Sympozia,
které se konalo 9. brfezna 2002, se
zUcastnilo 97 posluchatd z celé CR, také
delegéti z KoSic a Bratislavy.

V rdmci sympozia byly pfedneseny v
dopolednim programu tyto pFednasky:

J. Meluzin: Funk&ni anatomie nohy
J. Votava: Noha z hlediska myoskeletalni
mediciny

P. Hlavagek: Zasady obouvani diabetik{
P. Cerny. Ortotické pomticky k odetFovani
deformitnohou

I.Marik, P. Zubina: Principy diagnostiky a
IéCeni vrozenych a ziskanych vad nohou
V odpolednim programu:

K. Kykalova: Dermatologie v podiatrii
M. Kuklik: Genetické prFiciny vrozenych
anomalii nohy

J. Straus, |. Marik: Biomechanicky odraz
vrozenych a vyvojovych vad nohou v
podogramu

D. Kuklikova, I. Marik, M. Kuklik:
Deformity nohou neurogenni etiologie
J. Culik, 1.Marik, P. Cerny, D. Zemkova:
PC simulace ortotického IéCeni deformit

V. Smrcka, I. Marik, M. Dockalova, M.
Svensonova: Vrozeny defekt tibie ze
stfedovékého pohtebisté klasStera v
Olomouci

VSechna sdéleni byla na vysoké
odborné Urovni a byla se zajmem
diskutovana. Projevila se zde potfeba
osobnich kontaktli mezi lékafi ortopedy,
pediatry, rehabilitaénimi lékafi,
dermatology a dal3imi pracovniky
zabyvajicimi se péfi o nohu v celé
republice. Ke komplexnimu pohledu na
tuto problematiku pfispivaji tato sympozia.
Daldi "8. Kubatllv podologicky den"
pfipravujeme na’5.4.2003.

Adresa

Magr. Karel Plzak

NZZ Ortopedicas.sr.o.
Brozikova 8

Praha5
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SMERNICE PRO AUTORY PRISPEVKU

Tématika pFispévkdl

K uvefejnéni v Casopise Pohybové
Gstroji se prijimaji rukopisy praci z oblasti
pohybového Ustroji Clovéka, které se tykaji
predevSim funkce, fyziologického i
patologického stavu kosterniho a
svalového systému na vSech Grovnich
poznéni, diagnostickych metod,
ortopedickych a traumatologickych
problém, pFisluiné rehabilitace a 1éGebné i
preventivni péce. Pfedmétem z&jmu jsou
tymové prace z oboru détské ortopedie a
osteologie, dale problémy z oboru
biomechaniky, patobiomechaniky a
bioreologie. Casopis mé zajem otiskovat
Clanky kvalitni, vysoké odborné Grovné,
které pfinaSeji néco nového a jsou zajimavé
z hlediska aplikaci a nebyly dosud nikde
uverejnény s vyjimkou ve zkracené forme.

Redakce pfijima plvodni prace a
kasuistiky, souborné CcClanky, které
informuji o sou¢asném stavu v pfislusnych
oblastech souvisicich s pohybovym
Gstrojim a abstrakty pFispévk{ z narodnich
a mezinarodnich konferenci, vénovanych
hlavné pohybovému Gstroji. PGvodni prace
a kasuistiky doporucuje publikovat v
anglickém jazyce. Rukopisy jsou
posuzovany dvéma oponenty redakeni
rady.

Prispévky, uvefejiiované v casopise,
jsou excerpovany v periodickych
prfehledech EMBASE/Excerpta Medica,
vydavanych nakladatelstvim Elsevier.
Obsahy ¢&asopisli a souhrny praci jsou
uvefejnény na Internetu: www.ortotika.cz.
P¥i uvefejiovani davame pFednost
rukopislim, zpracovanym podle
jednotnych poZadavkd pro rukopisy,
zasilané do biomechanickych &asopistl -
Uniform Requirements Submitted to
Biomedical Journals (Vancouver
Declaration, Brit. med.J., 1988, 296, pp.

401-405).

Uprava rukopist

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

Na titulni strané uvedte nazev ¢lanku
pod nim jméno autora, pfipadné autord,
Ufedni nazev jejich pracovisté a kone¢né
adresu prvniho autora. U eskych rukopist
uvadeéjte nazev €lanku a pracovisté také v
anglictiné. Na dalSi strané uvedte strucny
souhrn (do 100 slov), ktery ma informovat
o cilech, metodach, vysledcich a zavérech
prace, doplnény pfekladem do anglictiny.
Zanim pFipojte nejvyse Sest klicovych slov
v Cestiné resp. anglicting.

Vlastni text je u plvodnich praci
obvykle rozdélen na (vod, material a
metodiku, vysledky, diskusi, zavér a
pfipadné podékovani. Souborné referéaty,
diskuse, zpravy z konferenci apod. jsou
bez souhrnu a jejich Clenéni je dano
charakterem sdéleni. Pfed zaCatky
jednotlivych odstavell vynechavejte pét
volnych mezer. Jednotlivé odstavce by
mély mit alespon Ctyfi strojové Fadky.
Slova, kterd maji byt vytisténa proloZené
podtrhnéte prFeruSovanou carou nebo
uvadéjte v proloZené Gprave.

Tabulky a obrazky

Tabulky predkladejte kazdou na
zvIastnim listé s pfislusnym oznacenim
nahofe. Obrazky kreslete Cernou tusi
(fixem) na pauzovaci papir. Fotografie
musi byt profesionalni kvality. VWobrazeni
se Cisluji v poradi, v jakém jdou za sebou v
nasledujim v textu. Na levé strané rukopisu
vyznaCujte jejich pfedpokladané umisténiv
tiSténém textu. Na zadni strané dole uvedte
¢islo, jméno autora a jasné oznaceni, kde
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bude horni a dolni ¢ast obrazku. Texty k
obrazklm se pisi na  zvlastni list. U
Seskych rukopisl uvadéjte texty k
obrazkim ivangliéting.

Literatura

Seznam odkaz{ na literaturu se pripoji
v abecednim pofadi na konci textu.
Odvolani na literaturu uvadeéjte ve
vlastnim textu pfisluSnymi ¢Cisly v
zavorkéach ().

V seznamu citované literatury uvadéjte
Gdaje o knihdch v poradi: pfijmeni a
inicidly prvnich tfi autorli s pripadnym
dodatkem "et al.", nazev knihy, pofadi
vydani, misto vydani, nakladatel, rok
vydani, pocet stran: Frost HM. The Laws of
Bone Structure. 4 ed. Springfield:
C.C.Thomas, 1964, 167 sincerely.

Casopiseckou literaturu uvadéjte timto
zplisobem: pfijmeni a inicialy prvnich tFi
autord (u vice autorl piste za jménem
tfetiho autora et al.), nazev ¢lanku, nazev
Casopisu nebo jeho uznavana zkratka,
rocnik, rok vydani, ¢islo, strany: Sobotka Z,
Mafik I. Remodelation and Regeneration of
Bone Tissue at some Bone Dysplasias.
Pohyboveé Gstroji, 2, 1995, €.1,s.15-24.

PFispévky ve sbornicich (v knize) se
uvadéji v poradi: pfijmeni a inicialy
prvnich tfi autord, ndzev €lanku, editor,
nézev shorniku, dil, misto, nakladatelstvi a
rok vydani, strany ve sborniku (knize):
Mafik I, Kuklik M, BriiZzek 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 povaZzuje dodany rukopis za
konecné znéni prace. VétSi zmény pfi
korekturdch nejsou pfipustné. Prosime
abyste peclivé zkontrolovali text, tabulky a
legendy k obrazklim. Pro zkraceni
publikaéni IhQty tiskarny je moZno pfipojit
prohlaseni, zZe autor netrva na autorské
korekture.

Adresa pro zasilaniprispévkd
Rukopisy zasilejte na adresu:

MUDr. Ivo Mafik, Csc.

Ambulatni centrum pro vady pohybového
aparatu

Ol3anska7

13000 Praha 3.

Jeden vytisk Casopisu Pohybové Ustroji
bude zaslan bezplatné prvnimu autorovi
pfispévku. DalSi Casopisy je moZno
objednat u vydavatele:

Adresa 3

AMBULANTNI CENTRUM PRO VADY
POHYBOVEHO APARATU

Ol3anska7

13000 Praha 3

Tel./fax: (+420) 222582 214

e-mail: ambul_centrum@volny.cz
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INSTRUCTIONS FOR AUTHORS

Subject Matter of Contributions

The journal Locomotor System will
publish the papers from the field of
locomotor apparatus of man which are
above all concerned 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 preventive 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 abstracts
of contributions presented at national and
international meetings devoted largely to
locomotor system. The papers published in
the journal are excerpted in EMBASE /
Excerpta Medica. Contents and summaries
of papers are available at Internet:
www.ortotika.cz.

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 has to be submitted in the
well-known computer programs on disk.

While no maximum length of
contributions is prescripted, the authors
are encouraged 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
indicated whoistoreceive correspondence
and proofs for correction. Papers are
reviewed by two opponents.

The second page should contain a short
abstract about 100 words followed by the
keywords no more than 6. The proper text
of original paper is laid out into
introduction,  material and methods,
results, discussion 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 containat 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
professionally 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 illustrationsona
separate page and grouped in numerical
order of appearance. On the back of figures,
their number and name of the author should
be indicated.

References
References must be presented in a
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numerical 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 contain
the names and initials of the first three
authors, with eventual supplement “etal.”,
title of book, number of edition, place of
publishing, name of publisher, year of
appearance and number of pages, for
instance: Frost HM. The Laws of Bone
Structure. 4. ed. Springfield: C. C. Thomas,
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
arranged in the following order: names and
initials of the first three authors, title of
paper, editor(s), title of special volume (a

)

NT oK

9,

\

book), place of publication, publisher, year
of publication, firstand last page numbers,
for instance: Mafik I, Kuklik M, Brizek 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
besenttothe Editor-in-chief:
Ivo Marik, M.D.,Ph.D.
Ambulant Centre for Defects of
Locomotor Apparatus
Olsanska7
13000 Prague 3
Czech Republic
tel./fax: (4202)69722 14

One journal Locomotor System will be
supplied free of charge to the first named
author. Additional journals may be ordered
from the publishers at time of acceptance.

Address

AMBULANT CENTRE FOR DEFECTS
OF LOCOMOTORAPPARATUS
OlSanska7

13000 Prague 3

Czech Republic

TCRDETECTS
O LOCOMOTCGR AFFARATLE
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4 . N
Orf@flkﬂ sro. - Ortopedicka protetika

VWysokoUc€inné nocni polohovaci dlahy pro korekci deformit dolnich koncetin
podle MUDr. Mafika. Moznost postupného zvétSovani korekce pomoci
Sroubového teleskopu. Ortézy jsou vyrabény individualné na zaklade
poukazu PZT, vystavenym oSetrujicim Iékarem. (kddy: 05 00949,05 23412).

Provozovna: Truhlarska 8, 110 00 Praha 1, tel.: 222 314 760

Korekce valgozity kolenniho kloubu.

Kombinace ortézy a
zevniho fixatoru.

\_ www.ortotika.cz ortotika@ortotika.cz J
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