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SOUBORNE REFERATY e REVIEWS

VZPRIMENA HLAVA VE VYVOJI HOMINIDU.
NOVE UVAHY V ORTOPEDICKE ANTROPOLOGTII.

THE UPRIGHT HEAD IN HOMINID EVOLUTION.
SOME NEW THOUGHTS IN ORTHOPAEDIC
ANTHROPOLOGY.

PHILLIP V. TOBIAS, F.R.S.S.AF., F.L.S. (LOND.), F.R.A.L

M. B., B. Ch., Ph. D. D. Se. (Witwatersrand), Hon. D. Sc. (Natal), Head: Department
of Anatomy, Hon. Professor of Palaeo-anthrohology, Hon. Professor of Zoology

Dean: Faculty of Medicine, University of the Witwatersrand, Johannesburg

The poise of the human head on the erect spinal column is distinctive among mammals.
Closely related are a number of morphologic traits that are characteristic of the human
species. In the head and neck region, these include the curvature of the cervical part of the
vertebral column; the small extent of the nuchal muscles that tether the back of the cra-
nium to the vertebrae; the relative proportions of the parts of the skull in front of, and
behind, the plane of the occipital condyles and the joints that link the base of the cranium
to the spine; the development, size, and direction of the mastoid process; the gross enlarge-
ment of the brain and the distribution of its bulk anterior and posterior to the pivot through
the occipital condyles; and the small size of the jaws and teeth and of the muscles that ope-
rate upon the mandible.

Apart from those special features that are related to the posture and poise of the head,
no part of the entire human body bears more distinguishing features than does the head.
The brain itself is replete with remarkably distinct traits, such as the expansion of the asso-
ciation cortices, the marked development of the frontal and parietal lobes of the cerebrum,
the presence of motor speech areas, the relatively expanded cerebellum, the anterior place-
ment of the brain stem, and in general the degree of encephalization.

Other special features of the human head are the mobile tongue; the enlarged nasopha-
rynx; the pattern of flexure of the cranial base (Fig. 1-1); the marked shortening of the cra-
nial base; the extraordinary hafting of the neurocranium onto the facial skeleton, so that the
rostral ends of the brain and brain case overlie the orbits; the relative freedom of the surface
of the skull from ectocranial embellishments, such as the crests and tori found in ape crania;
the relatively light pneumatization of the cranium; the nearly vertical alignment of the face,

* Reviews - The Upright Head in Hominid Evolution®, from THE HEAD-NECK SENSORY MOTOR SYSTEM, edited by
Alain Bertholz, Pierre Paul Vidal, et. al., copyright © 1992 by Oxford Univesity Press, Inc. Used by permission of Oxford
University Press, Inc.
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consonant with reduction of the jaws from
a predominantly prognathic to a largely
orthognathic state; and the small size of the
human canine teeth and the correlated
absence of diastemata in the dental arcades.

When one compares the structure of
the human head with that of nonhuman li-
ving primates, and especially with
man's closest relatives, the great apes,
numerous and dramatic distinctions are
expressed in every system represented at
the head end of the body: they affect mor-
phologic entities, functional complexes,
and developmental patterns. Much has
been learned from comparisons between
living human beings and the extant nonhu-
man primates, and also between immature
and mature individuals within each species.
From such comparative anatomic, embryo-
logic,and developmental studies, many phy-
logenetic transformations have been infer-
red. Happily, the rich fossil record
preserved in Africa's soil, and elsewhere in
the Old World, has furnished paleoanthro-
pologists with valuable opportunities to
test these inferences upon the fossils them-
selves and thus to confirm or modify the
pattern of changes thought to have
occurred during phylogeny.

I present here some of the evidence that
has emerged from our studies of fossil
hominids. It is a felicitous taphonomic
occurrence that we “man-hunters” have
brought to light more fossils of the head end
of the skeleton than of all the rest of the
bones considered together. It is as though
the paleontologists were interpreting literal-
ly the old English proverb that “two heads
are better than one”! This plethora of skulls
places us in a rather strong position to give
a reasonable account of the changes that
have taken place in the head and neck dur-
ing hominid evolution.

Poise of the Human Head

Human uprightness and its anatomic
basis are among the most striking charac-
teristics that distinguish living man from
the great apes of Africa and Asia (Fig. 1-2).
The way in which the body has adjusted its
structure and its biomechanics to the new
ways of uprightness and bipedalism are lit-
tle short of ingenious. Nevertheless, after
more than 4 or 5 million years, we have not
yet evolved a mechanism that is free of
faults and vexatious problems. Our bodies
are still subject to what Sir Arthur Keith
long ago (1923) called the ills of upright-
ness. They include flat feet, slipped disks,
prolapses, hernias, malposture, malocclu-
sion, and painful cephalocervical pathology
manifesting itself as headaches, hypertoni-
city of the neck muscles, and pressure
effects on sensory and motor nerves. These
maladies of uprightness account for much
that keeps today's neurologists, neurosur-
geons, and orthopedic surgeons busy. The
first hominid ancestors to come upright
became heir to a host of new problems, and
the mechanism of man's posture and gait,
although resourceful and craftily contrived,
is still imperfect.

Uprightness of the body has two
aspects to it: erectness of the trunk and the
two-footed, or bipedal, stance and gait. Most
scholars since the time of Charles Darwin
have concentrated on bipedalism when
speaking of uprightness. However, the
importance of truncal erectness as a basic
primate character cannot be overempha-
sized (Straus, 1962; Tobias, 1965, 1982;
Campbell, 1974). It has long seemed to
me that by stressing the mode of locomo-
tion as a critical factor in the freeing of the
hands for such purposes as tool-making,
generations of scholars overlooked the fun-
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damental fact that to free one's hands all
one needs to do is to sit upright (Tobias,
1965). In fact, most implemental activities
of man and of the great apes are carried out
in a sitting position - not while walking
around or running! In this position we may
expect that our bodies find greater stability
than in the standing position. Stability is
a most important structural and functional
consideration in the development of manu-
al skills. Sitting upright is prevalent among
the primates. This implies that the postural
basis for tool-using and tool-making is wide-
spread in the Primate order, although
bipedalism is not. A further implication is
that Darwin (1871) was not quite right
when he saw the freeing of the hands for
tool-making activities as the great selective
advantage of uprightness. Indeed, we now
know that the hominids were erect crea-
tures for some millions of years before they
became stone tool-makers.

Where Did Australopithecus Stand?

It is now 66 years since the revelation of
the first of Africa's remarkable fossil
hominids, the Taung child, type specimen of
Australopithecus africanus (Dart, 1925).
When my revered predecessor, Raymond A.
Dart, claimed that the new find represented
a higher primate teetering on the brink of
humanity, he was received with scorn and
incredulity by the scholarly world of the day.

Two-thirds of a century later, although
there are disagreements on points of detail,
there is consensus that Australopithecus as
a genus was ancestral to the genus Homo.
That is to say, some populations of one of
the species of Australopithecus were
ancestral to the chronologically earliest
species of Homo. A common view, support-
ed by much evidence and held by myself, is

Sellar hypophysis

Sphenoidal sinus

Pharyngeal
hypophysis

7’] Pharyngeal tonsil
&Dens of axis
Fig. 1-1. Median sagittal section through part of

the human head to show the nasopharynx and
the flexed cranial base.

Nasal
septum

that A. africanus gave rise to Homo babilis
and the latter, in turn, to H. erectus, the
probable direct antecedent of H. sapiens
and his modern representative, H. sapiens
sapiens (Fig. 1-3). Irrespective of which
construct of hominid phylogeny one
adheres to, the pertinent question is: What
functional interpretations do the available
fossil bones permit?

The first important inference from these
fossils is that the australopithecines were of
upright posture. After the discovery of A.
africanus in 1924, Dart was able to infer
from his “head-balancing index” that this
creature had assumed “an attitude apprecia-
bly more erect than that of modern anthro-
poids” With remarkable insight and pre-
science, at a time when this single child skull
from Taung was the only australopithecine
known, Dart went on to stress both the sen-
sory and motor advantages of uprightness:

The improved poise of the head, and the bet-
ter posture of the whole body framework which
accompanied this alteration in the angle at
which its dominant member was supported, is of
great significance. It means that a greater
reliance was being placed by this group upon the
feet as organs of progression, and that the hands
were being freed from their more primitive func-
tion of accessory organs of locomotion. Bipedal
animals, their hands were assuming a higher evo-
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Fig. 1-2. Median sagittal sections through the
head and trunk of a chimpanzee (A; after Cun-
ningham, 1886) and of a man (B; after Stratz,
1905). The sections show the differences in the
curvatures of the vertebral columns of ape and
man, the cervical, lumbar, and sacral curves being
more marked in the erect human being. The
sequence of vertebral body sizes from above
downward is another distinguishing feature: in
upright man, the sizes increase more markedly
toward the lower lumbar vertebrae, since each
vertebra supports a greater mass than the one
above it. Moreover the lumbar vertebral bodies
tend to be wedge shaped, having their greater
height anteriorly.

lutionary role not only as delicate tactual, exa-
mining organs which were adding copiously to
the animal's knowledge of its physical environ-
ment, but also as instruments of the growing
intelligence in carrying out more elaborate, pur-

poseful and skilled movements, and as organs of
offence and defence. (Dart, 1925)

Since then, scholars have confirmed on
many ancient crania from South and East
Africa that the condyles were indeed “shif-
ted” further forward and the center of mass
further back in Australopithecus than in
the apes.That is, the center of gravity of the
cranium fell nearer to the front of the ver-
tebral column than in apes. The diminished
nuchal area on the australopithecine crania
confirmed that the head was supported by
a smaller nuchal musculature. In other
words, both the position of the occipital
condyles and the size and form of the
nuchal muscle attachment area upheld the
inference that in Australopitbecus the head
was better poised on a more nearly erect
spinal column than in apes (Fig. 1-4).

This inference from the crania is sup-
ported by evidence from the lumbar verte-
brae, the pelvis, and the lower limb bones

Myr
0-

H.SAPIENS

[[Globat]
054
H.ERECTUS
104 ‘Africa, Asio ond
Europe

s HHABILIS

2:04 Africa and
perhaps Asia

254
304

A AFRICANUS

351 [Atrica]

404

45

Fig. 1-3. One pattern of hominid phylogeny that
meets a very large percentage of the available fos-
sil and geochronologic data.
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of the early hominids. The details of these
postcranial anatomic adjustments to the
upright stance need not detain us in the
present context. However, all the anatomic
evidence is consistent within itself (Camp-
bell, 1978).

We may conclude that by the emer-
gence of Australopithecus, at least some 4
or 5 million years ago, the complex skeletal

Fig. 1-4. The crania of four higher primates,
drawn to the same neurocranial length, to show
important features of the poise and support of
the cranium. The diagrams illustrate the varying
degrees of development of the nuchal muscles
and the direction of pull of their fibers. The
downward-directed, interrupted arrow indicates
the approximate position of the line of mass of
each skull; the upward-directed, continuous
arrow represents the position of the supporting
occipital condyles. While the condyles have
changed to a progressively more anterior posi-
tion, from ape (A) through Australopithecus
africanus (B) and Homo erectus (C) to modern
man (D), the position of the cranial center of
gravity has moved posteriorly, as the brain case
has enlarged and the teeth and jaws diminished -
until in modern man the weight line and the
condyles are almost coincident.

and functional adjustments that gave the
earth its first efficiently and habitually
bipedal primate had already occurred
(Preuschoft, 1971; Zihlman and Hunter,
1972; Lovejoy et al., 1973).The customary
upright posture of the Pliocene australop-
ithecines was clearly an early arrival on the
scene of hominization and long preceded
the marked enlargement of the brain and
the emergence of stone tool-making.

This early uprightness was anatomically
incomplete and imperfect; further structur-
al adjustments of the stance and locomotor
apparatus were to occur over the next sev-
eral millions of years, until a morphologic
pattern would emerge in Homo, probably
H. erectus, that would be virtually indistin-
guishable from that of modern man. The
establishment of bipedalism at an early
stage in the process of hominization, and of
other hominizing features at later stages,
illustrates the principle of mosaic evolu-
tion, that is, a tendency for some structural
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and functional traits to have been evolving
earlier, and other traits later.

‘What Did Australopithecus
Do with Its Hands?

No traces of stone artifacts accompany
any of the occurrences of hominids
ascribed to Australopithecus afarensis at
Laetoli in Tanzania or Hadar in Ethiopia, or
to A. africanus at Makapansgat, Sterkfontein,
or Taung in southern Africa. However, we
cannot discard the possibility that tool-
using and perhaps tool-modifying in per-
ishable materials might have characterized
earlier stages of hominid evolution.

The living great apes in the wild state
have been observed to use perishable mate-
rials for tool-using and tool-making (see
Tobias, 1971, for a review of some of the
evidence). However, the surmounting of
the critical transition to the more exacting
technical demands of craftsmanship in
tough, resistant materials, such as stone and
bone, seems not to be within the normal
capacity of apes (Khroustov, 1968),
although, under experimental conditions of
imitative learning, Wright (1972) was able
to teach an orangutan to make stone flakes.

In the light of this evidence, it is quite
likely that the various species of Australop-
ithecus could perform implemental activi-
ties with perishable media, at least as ade-
quately as the extant anthropoid apes. From
indirect evidence, especially of the reduced
canine teeth in the australopithecines, we
might have expected these creatures to
have been somewhat more capable of such
operations, or to have resorted to them
more frequently (and perhaps habitually)
than the apes. However, no artifacts made
of branches, sticks, twigs, husks, bark, or
leaves have been preserved in indisputable

association with Australopithecus in the
discovery sites. Hence, it remains likely but
unproven that Australopithecus used its
emancipated hands for material cultural
activities. For practical purposes, they con-
tinue to be regarded as pre-tool-making
hominids (Clark, 1985), or at best as tool-
makers in perishable material (Tobias,
1965, 1981, 1990).

Anatomy of Uprightness

The head of modern mankind is deli-
cately balanced on a nearly upright spinal
column as part of a fully extended stance.
In contrast, apes show oblique quadrupe-
dalism and sporadically a flexed upright
position.

The habitual uprightness of man is
accompanied by special anatomic adjust-
ments in two main parts of the body: (1) the
axial skeleton, that is, the spinal column sur-
mounted by the skull; and (2) the bones of
the pelvis and the lower limbs, as well as
the joints, ligaments, and muscles related to
these parts of the skeleton.

There are numbers of distinguishing
features in the spinal column of man that,
viewed teleologically, seem as if designed to
project the axis of body mass, or center of
gravity, in a nearly straight line from the
occipital condyles, through or close to the
vertebral bodies, to the pelvis (Fig. 1-5).

The spinal curvatures

The cervical and lumbar parts of the
human spinal column have an appreciable
anterior convexity, much more so than in
the great apes (Fig. 1-2). These two so-
called secondary curves of the human
spine are maintained partly by the func-
tioning of ligaments and muscles. In the
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Fig. 1-5. The weight line of an anthropoid ape such as the gorilla in the oblique quadrupedal position
(left) falls between the forelimbs and the hindlimbs. In upright-standing and -walking man, the axis of
the body mass (or the "center of gravity”) passes from the occipital condyles of the cranial base, close
to the vertebral column, through the hip joints on either side, and so to the tripodial feet. The pecu-
liarly human form of bipedalism is a distinctive adaptation that was acquired early in the process of
hominization. Its acquisition has been accompanied by anatomic adjustments affecting every part of
the skeleton and locomotor apparatus from the cranial base to the feet.

lumbar region, the curves are maintained
also by bony adaptation of the vertebrae
themselves, so that the vertebral bodies are
individually wedge shaped, with the higher
vertical diameter in front. However, such
bony adaptation is not a feature in the neck;
the curve there is maintained virtually
exclusively by muscular and ligamentous
tension, and the cervical curve, in conse-

quence, is easily reversed, as when one
looks down.

Size of the spinous processes of the
cervical vertebrae

The spinous processes of the cervical
vertebrae give attachment to nuchal mus-
cles and ligaments that help support the
head. In apes large nuchal muscles help to

POHYBOVE USTROJI, ro¢nik 10, 2003, &. 3+4

135



hold up an anteriorly pendent head and the
spinous processes are large. In man these
processes are small, since the nuchal mus-
culature is relatively slight, the human head
being more nearly balanced on top of the
atlas vertebra than is the case in the apes.

The nuchal muscles

The head articulates with the atlas ver-
tebra. Hence, in upright primates the head
compresses the cervical vertebrae, while it
is held up and prevented from falling for-
ward by the nuchal muscles and ligaments
under tension.

For the sake of clarity, one should
explain the way in which the term “nuchal
muscles” is used here. It is an informal term,
inasmuch as it does not appear in Nomina
Anatomica.“Nucha”is the Latin term for the
nape of the neck, and it corresponds to the
French term “nuque.” “Nuchal” therefore
implies “relating to the nucha” The term
“nuchal muscles”-as widely used by physical
anthropologists-refers to those muscles that
have an upper attachment to the planum
nuchale of the occipital bone; this term too,
is unofficial. As used by anthropologists the
planum nuchale is the lower, roughened
part of the squama occipitalis (as contrasted
with the upper, smooth part, which is often
called the planum occipitale). The nuchal
plane extends from the superior nuchal line
downward and forward to an approximately
coronal plane through the posterior part of
the foramen magnum. Developmentally, it
extends forward to the synchondrosis
between the squamous and lateral (or
condylar) parts of the occipital bone, that is,
the line of the posterior intraoccipital syn-
chondrosis. In the midline, the nuchal plane
extends from the external occipital protu-
berance to the opisthion on the posterior

margin of the foramen magnum. The rough-
ening of the surface is related to the attach-
ments of a number of muscles. These nuchal
muscles are m. semispinalis capitis, m. rectus
capitis posterior minor, m. rectus capitis pos-
terior major, m. obliquus capitis superior,
and m. trapezius. Encroaching from the mas-
toid process onto the most lateral part of the
nuchal plane are three other paired muscles;
m. sternocleidomastoideus, m. longissimus
capitis, and m. splenius capitis. Although the
latter two muscles (splenius and longis-
simus) share the function of tilting the head
back, these three lateral invaders are not usu-
ally considered as nuchal muscles; they are
trespassers infiltrating the nuchal area rather
than settled inhabitants.

The nuchal muscles extend the head on
the neck. Their action is assisted by other
muscles playing on the cervical vertebrae,
but not reaching the cranium, such as m.
obliquus capitis inferior, which runs be-
tween the axis and the atlas vertebrae.

In quadrupeds the head hangs forward
from a posteriorly situated atlas; consider-
able tension is thus exerted on the nuchal
muscles and ligaments. Indeed, Mollison
(1932) showed that six times as much
power is needed in the nuchal muscles of
monkeys and apes as in those of man. In
the erect human posture, more of the
weight of the head is carried directly by the
cervical vertebrae, while the role of the
nuchal muscles is correspondingly far less.
This lesser role of the nuchal muscles is
reflected in the skeleton of man by two fea-
tures. First, the size of the spinous process-
es of the cervical vertebrae is small, as we
have seen. Second, there is an arresting
reduction in the area of the human nuchal
plane, whereas the nuchal area is greatly
enlarged in the apes.
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”Center of Gravity” of the Head

The marked difference in the size of the
nuchal musculature between man and the
other higher primates reflects a consider-
able posterior “migration” of the center of
gravity of the head in Homo sapiens. In
modern man, this weight line lies only
a short distance in front of the plane
through the occipital condyles, whereas in
the anthropoid apes it is situated apprecia-
bly anterior to the condyles (DuBrul and
Sicher, 1954; Campbell, 1974: Tobias,
1982). The approximation of the center of
gravity to the axis through the condyles
results from a complex set of readjust-
ments, and the study of the fossil record has
thrown light on these events (Fig. 1—4).

The proximity of the weight line to the
condylar fulcrum is basically the result of
two trends: a posterior “migration” of the
center of gravity and an anterior “migration”
of the fulcrum, the condyles themselves.

The concentrated mass of the pongid
head is far forward because the jaws and
teeth, especially the canines, are very large,
while the brain and brain case are of
restricted capacity (Fig. 1-5). If, therefore,
one were to attempt to balance a gorilla
skull on its condyles, the front of the head
would drop forward irresistibly. The mod-
ern human head, on the other hand, is char-
acterized by small jaws and teeth and, espe-
cially, reduced canine teeth. Thus, the mass
of the rostral part of the head is relatively
light. At the same time, the brain and its
enveloping brain case are expanded to
a size immensely superior to that of the
apes. Hence, the mass of the posterior, or
caudal, part of the head is enormously
increased. An attempt to balance the
human head on its condyles is much more
nearly successful, and only somewhat tardi-

ly does the head tip forward about that ful-
crum. Between them the hominids' reduc-
tion of teeth and jaws and increase of the
brain effectively account for the posterior
displacement of the center of gravity.

Since the weight line of the human
head lies just in front of the occipital
condyles, the small nuchal muscles attach-
ing behind the point of pivot are sufficient
to maintain the poise of the human head in
the upright posture. Their postural role is to
oppose the pull of gravity a short distance
in front of the occipital condyles and to
maintain the “trim” of the upright head by
balancing the postural effect of the anterior
muscles (rectus capitis anterior, longus
capitis, and sternocleidomastoid).

”Anterior migration” of the occipital
condyles

Another set of alterations has translo-
cated the condyles themselves from a posi-
tion close to the caudal end of the base of
the cranial vault to a position relatively far
forward on the basis cranii. A series of basal
views of crania shows how, in various
hominids, modern and ancient, the foramen
magnum and its flanking condyles have
rung the changes on basicranial positions
from the rear end to the middle of the basis
cranii (Fig. 1-6).

The exact mechanism of this forward
displacement is a tantalizing problem. It has
most commonly been attributed, in a causal
sense, to erect posture and bipedalism.
Thus we find Campbell (1974) stating:
“Erect posture and later bipedalism
brought with it a forward movement of the
occipital condyles, which, together with the
recession of the face as a whole, changed
and improved the balance of the head on
the spine” (p. 283). Neither in his analysis,
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nor in any other known to me, is it made
clear how the attainment of uprightness
and bipedalism could have effected the
anterjor “migration” of the condyles.

A possible mechanism for the anterior
displacement of the condyles and foramen
magnum is here suggested. The nuchal
plane in apes is nearly vertical, while that in
man is nearly horizontal. There is good evi-
dence that, in the ontogeny of the neuro-
cranium, the brain calls the tune-when cran-
iostenosis and constraining swaddling
practices are absent. The striking phyloge-
netic restructuring of the dorsal part of the
neurocranium is most likely to be predica-
ted upon a major reorganization of the cau-
dal half of the brain-especially of the cere-
bral hemispheres and the wunderlying
cerebellar hemispheres. The parietal and
occipital lobes of the cerebrum show
impressive expansion from ape to man, as
they progressively override the cerebellum
and force it into an inferior, or ventral, posi-
tion. These aggrandized parieto-occipital
parts of the cerebrum and the cerebellar
hemispheres are precisely the neural com-
ponents that overlie the nuchal plane of the

occipital bone. It is suggested that the
encephalic restructuring produces a dorso-
ventral overrolling not only of the brain, but
of the responsive calvaria. This effect would
at once horizontalize the nuchal plane and
thereby leave the occipital condyles further
away from the back of the cranium.

In other words, it is proposed here that
the occipital condyles do not “migrate” for-
ward, but that the part of the calvaria
behind the condyles “migrates” backward,
or rather, is so restructured as to carry the
external occipital protuberance further
back away from the condyles.

Shortening of the basicranial length

A second major developmental process
has evidently participated in the complica-
ted phenomena affecting head balance.
‘While structural reorganization of brain and
skull behind the occipital condyles has pro-
duced a greater distance between the
condyles and the back of the calvaria, anoth-
er set of morphogenetic events has occurred
in front of the occipital condyles, effective-
ly diminishing the distance between the

A B

D E

Fig. 1-6. Diagrams of the cranial bases of (A) gorilla; (B) A. africanus of Sterkfontein, Transvaal; (C) A.
boisei of Olduvai, Tanzania; (D) Homo bhabilis of Olduvai; and (E) recent Homo sapiens. The posi-
tion of the foramen magnum (the anterior part of which is flanked by the occipital condyles) is shown
in each instance. Note the “migration” of the foramen magnum relative to the anteroposterior length of

the cranium, from ape to modern man.
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condyles and the front of the calvaria. In
a word, the basicranial length in front of the
foramen magnum has become reduced.
This length may be variously expressed
by midline measurements: most of these
take the basion as their posterior terminus
and the nasion, prosphenion, hormion, or
sphenohasion as the antetior terminus.
Whichever metrical technique is employed,
the results show that apes have a relatively
extensive basicranial length in front of the
foramen magnum and hominids a reduced
length. With the reduction of the basicra-
nial length goes a reorientation of the
petrous pyramid of the temporal bone:
while running almost directly posteroante-
riorly in apes, in modern hominids it runs
more nearly transversely. Earlier hominids
show intermediate states (Weidenreich;
1943: Tobias. 1967, 1988, 1990; Dean and
Wood, 1981, 1984; Wood and Dean, 1981).
The mechanism of ontogenetic growth
in cranial length resides in the persistence
for varying periods of the cartilaginous
joints, or synchondroses, between compo-
nents of the chondrocranium. As long as
any of these coronally aligned plates of car-
tilage remain unossified, growth in the ba-
sicranial length may continue to take place
at that synchrondrosis. Those that ossify
earliest may be expected to contribute least
to the elongation of the basicranium; such
would include the presphenoid-postsphe-
noid synchrondrosis and the anterior and
the posterior intraoccipital synchondroses.
The later persisting spheno-occipital syn-
chondrosis contributes the greatest part to
the basicranial elongation (Fig. 1-7).
Hence, it is to this joint that we should look
for the morphogenetic basis of these
remarkable variations in basicranial length.
Varying rates and varying relative dura-
tions of chondrogenic activity at the sphe-

no-occipital synchrondrosis suggest them-
selves as possible mechanisms; or, to look at
the opposite face of the coin, the varying
rate and intensity of ossific events on the
two surfaces of the synchrondrosis may be
pointers to the critical differences in basi-
cranial elongation among the apes, early
hominids, and modern man and even
among various races of Homo sapiens.
Much remains to be learned about these
morphogenetic events.

Approximation of weight line
and fulcrum

Whatever the precise mechanisms, the
several foregoing processes conspire to
bring the center of gravity of the head from
its markedly anterior position in the apes
into intimate proximity with the occipital
condyles in modern man. Intermediate
stages of the process are beautifully por-
trayed in the fossilized crania of early
hominids (Fig. 1—4).

In 1925 Dart published his now famous
paper on Australopithecus africanus. He
proposed that the relative position of the
center of weight of the head in relation to
the occipital condyles be expressed by a
head-balancing index. He was able to
show that this index in the Taung fossil
child was different from that in young apes
and that the center of weight had moved in
a human direction (Fig. 1-8). Twenty-five
years later LeGros Clark (1950) developed
Dart's idea and proposed a condylar posi-
tion index to express the relative antero-
posterior position of the condyle along
a line drawn on a lateral craniogram to rep-
resent the Frankfurt Horizontal Plane. He
confirmed that, in the adult Australopithe-
cus africanus (Sts 5 from Sterkfontein), the
center of gravity had “moved” posteriorly
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Fig. 1-7. Median section of part of a human cra-
nial base to show the spheno-occipital synchon-
drosis, the main site of growth of the basis cranii.

while the occipital condyle had “moved” rel-
atively forward, in comparison with their
positions in the apes. Later, I was able to
show an even more humanoid value of this
index and therefore a “better balanced” cra-
nium in the very robust East African ape-man,
Australopithecus boisei (Tobias, 1967) and
a still more human pattern in the 2 million-
year-old Homo babilis (Tobias, 1990).

The Mastoid Process and
the Sternocleidomastoid Muscle

The hominids have developed a promi-
nent mastoid process behind the ear. It is
directed downward, slightly forward, and
slightly medialward. This characteristic fea-
ture of the human cranium has long been
an enigma. Various writers endeavored to
relate it to the upright posture. For exam-
ple, Schaaffhausen (1868) stated baldly that
“the powerful mastoid processes of the
human skull are the result of his erect posi-
tion,” and this was cited, apparently with
approval, by Darwin (1871). However, no
cogent explanation of the process was
offered until Krantz (1963) suggested that
a mechanical or leverage advantage was fur-
nished by the mastoid process.

Krantz focused attention on the ster-
nocleidomastoid muscle, which attaches to
the surface of the mastoid process. When
the head is held in the erect position, with
the gaze directed horizontally, the left and
right sternocleidomastoid muscles draw
the head and neck forward, the line of pull
coinciding with the axis of the mastoid
process. When the head is tilted back into
the extended position, the mastoid process
is no longer in the direction of pull of the
sternocleidomastoid muscle fibers, but
points forward. It thus carries the line of
attachment of the muscle fibers in front of
the axis of head rotation. In this situation,
the pull of the sternocleidomastoids tends
to rotate the skull forward and downward.
Campbell (1974) has drawn attention to
the fact that the only other muscles avail-
able for this restorative movement-after the
head is tipped back behind the point of ba-
lance-are the longus capitis and rectus capi-
tis anterior, but their insertion areas are so
close to the front of the occipital condyles
as to permit only slight leverage to be
exerted upon the head.

On the other hand, much greater lever-
age is exerted on the extended head by m.
sternocleidomastoideus through the chan-
ged orientation and position of the mastoid
process when the head is in the dorsally
tilted position. According to Krantz, this
leverage advantage provides the key to the
functional significance of the mastoid
process. Apart from opposing the small
backward pull of the nuchal muscles pro-
prement dit. the sternocleidomastoid mus-
cles act with the antagonistic nuchal mus-
cles as postural muscles maintaining the
“trim” of the head in the erect position
(body upright, eyes to the horizon).

Krantz overlooked the fact that two
other muscles are attached to each mastoid
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Fig. 1-8. Median sagittal sections through the
crania of (A) a gorilla child, (B) the Taung child of
Australopithecus africanus, and (C) a mod-
ern human child. The arrow points to the posi-
tion of the occipital condyles, as projected onto
the median plane.The diagrams show differences
in the position and orientation of the plane of
the foramen magnum between ape and man, as
well as a difference in the position of the
condyles. In these respects the Taung cranium
shows a small departure from the pongid and an
approach to the human configuration. (A and
C after Schultz, 1950.)

process. They are m. splenius capitis and m.
longissimus capitis, both of which extend
the head. Acting on one side alone, both
muscles tend to turn the head toward the
same side. In contrast, when the sternoclei-
domastoid of one side contracts, it tends to
turn the face toward the opposite side. In
this respect, the splenius capitis and longis-
simus capitis of one side act as synergists of
the sternocleidomastoid of the opposite
side (Williams and Warwick, 1980) or
antagonists of the ipsilateral sternocleido-
mastoid. It would be useful to analyze the
direction of pull of these two dorsal mus-
cles in relation to the axis of the mastoid
process, in various positions of the head, in
order to test Krantz's hypothesis that the
leverage advantage of the mastoid process
is the key to its functional significance.

The neurologic implications of these
concepts are interesting. In torticollis, for
instance, it would be important to know
whether the contracture of the sternoclei-
domastoid is accompanied by abnormal
tone and neural discharges from the nuchal
muscles, the splenius capitis or the longis-
simus capitis. It would be a little surprising,
too, if in spasmodic torticollis the spasm of
a sternocleidomastoid muscle spread only
to the trapezius (with which it has close
embryologic and neural affinities), and not
to other muscles in this group of synergists
and antagonists.

Position of the Brain Stem

It is an inescapable fact that the posi-
tion of the occipital condyles is linked to
that of the foramen magnum. Developmen-
tally the anterior margin of the foramen is
contributed by the basilar part of the occi-
pital bone and the lateral margins by the la-
teral parts of the occipital. On each side the
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occipital condyle develops partly from the
basilar and partly from the lateral compo-
nents of the occipital. The two develop-
mental moieties of each condyle are sepa-
rated-up to about 6 years of age in the
modern human child-by the anterior
intraoccipital synchondrosis. This relation-
ship of condyles to the anterolateral margin
of the foramen magnum seems to be deve-
lopmentally ineluctable; thus, as the
condyles are “displaced” anteriorly from
ape to man, so is the foramen magnum
"moved forward.” Or is it the other way
around? Does the position of foramen mag-
num dictate that of the condyles?

The brain stem traverses the foramen
magnum, to become continuous with the
spinal cord just below the foramen. In
a wide range of mammals, the size of the
foramen, it seems, is determined by the
absolute size of the brain as well as by body
size (Radinsky, 1967; Jerison, 1973). In
fact, following Eug ne Dubois's earlier
work, attempts have been made to predict
relative brain size from the size of the fora-
men magnum (Radinsky, 1967), although
the method has been criticized by Jerison
(1973). 1t is the position of the brain stem
that concerns us here. In the apes it lies re-
latively far back on the base of the brain,
wedged between the cerebellar hemi-
spheres. Its point of departure in modern
man is relatively far anterior, in front of the
cerebellum. These variations are of pro-
found developmental significance. The
form and size of the brain have been shown
by the researches of Brash (1924), Moss
(1954), and others to govern the form and
size of the calvaria, at least its neurocranial
component. It is probable that the same
holds true for the basis cranii, where there
is an exquisitely precise and sensitive mold-
ing of the three cranial fossae and their

structural nuances to the basal aspect of
the brain. My point is that, if a brain has an
anteriorly attached brain stem, an anteriorly
positioned foramen magnum must inevi-
tably develop around it, and vice versa for
a posteriorly attached brain stem.

On this line of thinking the progressive
hominization of the basicranium simply
reflects the hominization of the overlying
brain. We were earlier impelled to the view
that there is no “anterior migration” of the
condyles, but rather a posterior expansion
and rolling over of the brain (and calvaria).
From our survey of the foramen magnum,
also, we are drawn to the inference that the
foramen has not “migrated” but simply
reflects the position of the brain stem,
which, in turn, has been thrown into varying
relatively anterior positions by the cerebral
developments, especially behind it. We come
to see the brain stem as a kind of crucial
pivot, rather fixed in position, about which
the gyrating and ballooning cerebrum has
undergone bizarre and awe-inspiring trans-
formations. A by-product of these cerebral
developments has been the anterior “dis-
placement” of the foramen magnum and,
with it, of the occipital condyles.

Uprightness, Gravity and Balance

The musculoskeletal adjustments to
uprightness had the effect of bringing the
line of weight transmission very close to an
axis extending from the occipital condyles
to the upper part of the sacrum, then
through the ilium, the acetabulum, and the
head of the femur on each side to the twin
tripods of the human feet. The effect has
been that the upright body's gravitational
axis is in a plane more or less equidistant
from the two primordial surfaces of the
body, the dorsal and the ventral.
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To accomplish this our remote ances-
tors had to achieve a new orientation of the
body toward the pull of gravity. At a four-
footed or quadrupedal stage, it was the ven-
tral surface of the body that was closest to
the ground. Encompassed by the forelimbs,
thorax, abdomen, and hindlimbs was a shel-
tered, ventral concavity, which accommo-
dated and protected the soft, sensitive, rela-
tively hairless ventral skin, the breasts, and
the external genital organs.

In coming upright the early hominids
came to display a new full frontal exposure
to the world. Not only the face looked for-
ward now; so too did the sensitive, glabrous,
ventral skin, the breasts, and the genitalia. No
wonder Lovejoy (1981) has been moved to
suggest that new mating patterns were a car-
dinal selective agency that favored the attain-
ment of the upright posture!

In dragging his ventral aspect away from
the earth's gravitational field and swinging it
upward through 90°, man attained a stance
in which his weight line passed in a coronal
plane through his two firmly planted tripo-
dal feet. The back and the front were nearly
evenly balanced on either aspect of this
plane, unless the subject took to wearing
high-heeled shoes, thereby throwing the
weight forward apparently in an effort to
undo 4 million years of evolution!

Seen in this light, the upright posture is
a precariously balanced state. If the body
were merely a nerveless framework with
relatively atonic muscles, it could readily be
thrown off balance by a push or a gust of
wind-and down ii would go. It is easy to
understand what Arthur Schopenhauer
meant when, long ago, he said that our
walking is admittedly nothing but a con-
stantly prevented falling.

Yet, somehow, we do not fall over at
a touch. We remain upright under an extra-

ordinary array of conditions: in a high wind;
on a moving walkway or an escalator that
tries to remove our delicately balancing tri-
pod feet from under us; on a tightrope, ice-
skates, or skis; or as a ballet dancer sur les
pointes. What is the secret of our consum-
mate success as bipedalists?

Part of the credit for this success must
be accorded our sense of balance. It would
be reasonable to suppose that a well-devel-
oped sense of balance must have been
a prerequisite to, or at least an accompani-
ment of, the development of uprightness.

As a rough analogy, performing seals
can carry out remarkable balancing tricks:
with sticks and balls held aloft on their
snouts. The control of their uncanny capa-
city for learning these balancing exercises
appears to have its seat in a part of the cere-
bellum. The brain of the seal has a relative-
ly huge flocculonodular lobe of the cere-
bellum. The flocculonodular lobe is
a constituent of the phylogenetically most
ancient part of the cerebellum, the
archicerebellum. The enlargement of this
lobe in seals is probably an adaptation to
their watery environment, because these
mammals have gone to the oceans from an
originally terrestrial environment, and they
have to sense which way is up when they
are swimming. This is part of the function
of that flocculonodular lobe, since primary
vestibular fibers have been shown (at least
in the cat) to end mainly in the flocculus,
the nodule, and a portion of the uvula. The
same expanded flocculonodular lobe that
gives seals a precise sense of the orienta-
tion of their bodies in space seems also to
impart the ability to learn amazing balan-
cing feats. This parallel throws emphasis on
the neural component behind the periphe-
ral musculoskeletal mechanism that helps
upright man to maintain his posture.
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In modern man's brain, the flocculo-
nodular lobe is relatively puny and it is
overshadowed by the paleocerebellum and
the neocerebellum. Despite its insignificant
size, an intact flocculonodular lobe seems
to be essential for the normal maintenance
of man's uprightness and bipedal gait.
Lesions of the flocculonodular lobe in man
have been described as producing an
archicerebellar syndrome, in which the
bilateral movements used for locomotion
and for the maintenance of equilibrium are
affected. The patient sways and is generally
unsteady when standing. When walking he
staggers and tends to fall backward or to
either side. Other parts of the cerebellum,
such as the paleocerebellum, play a major
role in the control of muscle tone and so
indirectly assist in the maintenance of
uprightness. This is probably true also of
the vestibulospinal tract, long classified as
part of the extrapyramidal system.

It is perhaps relevant that, in my study of
the endocranial cast of an early upright and
bipedal hominid (Australopithecus boisei),
I found independent evidence suggesting that
the cerebellum had undergone marked and
perhaps rapid enlargement (Tobias, 1967).

Proprioception and Uprightness

When apes stand and walk upright, they
do so in a flexed habitude. The amount of
muscular energy expended in this position
is clearly great. The fully extended and bet-
ter balanced position of upright standing
and walking man requires less muscular
energy for its maintenance over long pe-
riods of time. This costliness of energy
expenditure is simply another way of say-
ing that bipedalism in apes is inefficient
and leads to early fatigue;in man it is much
more economical.

As we have seen, the achievement of
efficient uprightness and bipedalism has
been effected by a series of musculoskele-
tal adjustments. By improving the balance
of the bony framework, these have mini-
mized the involvement of muscular action
in the maintenance of the upright stance.
A gorilla needs powerful muscular contrac-
tion to stand upright, even for a short time;
a man needs only delicate muscular con-
tractions to maintain his uprightness even
for long periods.

This realization directs our attention to
the subtlety of the sensory information that
reaches the central nervous system during
such an apparently simple act as standing
or walking in a relaxed fashion. At least two
great sets of sensory inputs are essential to
the upright posture, vestibular and proprio-
ceptive. That there is a major vestibular bal-
ancing and body-orientating component is
undoubted, although in quiet walking and
in standing still it is not the whole story,
because uprightness is not simply an exer-
cise in balance.The poise of the sensorimo-
tor system provides the other vital neuro-
logic component of uprightness and
bipedalism. The proprioceptive messages
reaching the central nervous system from
the “antigravity” muscles, ligaments, and
joints determine the precise muscle tone
and flickering contractions necessary to
maintain erect posture and relaxed bipedal
walking. This generalization would apply as
well to the antigravity nuchal and pre-
condylar muscles that hold the head and
neck in the upright posture.

Without detailing the variety of free and
encapsulated nerve endings found in diffe-
rent sites of the body, let me raise one or
two questions. If proprioception plays an
important part in the control of the upright
posture and poise of the head, does it differ
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in its degree of development and differenti-
ation in man and apes? For instance,
Wyke's type I joint receptors (encapsulated
spray terminals of the Ruffini type) are par-
ticularly common in articulations such as
the hip joint, where static positional sense is
of importance in the control of posture. Is
there a difference in this respect between
quadrupedal and bipedal primates? Which
parts of the proprioceptive system are of
help especially in the maintenance of the
upright posture, as distinct from posture
and postural reflexes in general? If, indeed,
some parts of the posture-related proprio-
ceptive system are better developed in man
than in quadrupedal primates, what is the
nature and seat of the differences? Do they
reside in the form of the joint receptors,
neuromuscular spindles, neurotendinous
endings (of Golgi), and other receptors? Or
do the differences, if such there be, affect
the density of the varied receptors and their
topographic distribution and patterning?
Does man have a differently developed sys-
tem of proprioceptive pathways from that
of apes? Over and above these possible
peripheral differences, are the central pro-
jections and representation at the spinal,
cerebellar, thalamic, and cortical levels more
intricate, of richer connectivity, perhaps
uniquely developed in man?

We need much more evidence before
these problems can be resolved. At this stage
we have no ready answers to the question of
whether and to what degree man's success
as a biped with gaze directed to the horizon
is to be laid at the door of a more exquisi-
tively developed proprioceptive system.

Muscle Reserves and Human Posture

How much muscular action is neces-
sary to maintain the human body in the

upright position? Washburn (1950)
assigned to the gluteus maximus muscle
a critical role in the development of habitu-
al erect bipedalism. This was queried by J.
T. Robinson (1972) and most tellingly by
Basmajian (1962), when he found that
the gluteus maximus in man is electrically
silent during relaxed bipedal walking on
a level surface. As long ago as 1867,
Duchenne showed that a person with
a paralyzed gluteus maximus could walk
without serious difficulty, although some
compensatory trunk adjustment was usual-
ly involved (J. T. Robinson, 1972).

Thus the normal quiet walking of man
draws but little upon the great power
potential of the gluteus maximus. The same
is probably true when one stands still in the
upright position. The muscle provides an
inhibiting, controlling, steadying, and stabi-
lizing adjustment, probably under neocere-
bellar control. However, the immense po-
tential of the muscle comes fully into play
when the human subject walks up a steep
slope or up stairs, runs, raises the trunk from
a bent position, or stands up from a sitting
or squatting position (Wheatley and
Jahnke, 1951; J. T. Robinson, 1972).

Precisely the same principle, I propose,
governs the control of the human head by
the pre- and postcondylar muscles. Their
action in the normal, relaxed posture is
probably minimal, because of the delicate
balance of the human head about the
condylar fulcrum.

It is man's trifling muscular input into
the functions of standing erect, holding the
head upright, and relaxed walking on the
level, coupled with the large muscle
reserves, that have permitted him to deve-
lop his bodily techniques in poised and
skilled movements.
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Fig. 1-9. Graphic representation of the increase
in average endocranial capacity (in cubic cen-
timeters) from the ape-sized brain cases of A.
afarensis and A. africanus to the triply aggran-
dized calvarial capacity of modern Homo sapiens.

Skilled Use of the Body

Wherever we encounter them, skilled
movements rest upon a dual biologic basis:
the structure and the functional anatomy of
the peripheral, executive instrument and
the nerve center, be it the “neomammalian”
brain (MacLean, 1973) or the reflexly ope-
rating brain stem and spinal cord. Given any
circumscription of a skilled function,
whether in individuals of a species or in
one species as compared with another, the
limiting factors may reside either in the
organ of implementation or in the center of
neural control, or in both. This twofold sub-
strate of skill and the consequential binary

basis of its breakdown are often overlooked
in discussions on how human beings stand
securely upright, or on whether a particular
extinct hominid could speak, or on why
apes do not sing or most human beings do
not stand or dance en pointes, or on the
causes of such human departures from
skilled movement as limping, staggering,
shuffling, lurching, hobbling, and tottering.

The posture of man and the carriage of
his head are two of a cluster of human func-
tions that have made man man: that require
poise and skill in the peripheral executive
department of the body; and that are sub-
servient to the controlling and coordinating
mechanisms of the brain. The scene is dom-
inated by the brain.

During the formative eons from Aus-
tralopithecus to modern man, average
absolute brain size has trebled (Fig. 1-9).
There has been much speculation on the
evolutionary advantages of the bigger
brain. I have been compelled to conclude
that the advantage of a larger brain during
those evolving millennia was not only that
it made possible more complex cultural
achievements, and not only that it provided
the central control mechanisms overseeing
our upright posture and bipedal gait, and
the everincreasing range of skilled human
physical activities made possible by that
posture and gait. Above all it facilitated the
transferring of these survival mechanisms
and of other Iearned behavior to the off-
spring by a highly efficient mechanism, spo-
ken language (Tobias, 1980, 1981).

Articulate speech and language seem to
have come to man at least 2 million years
after he had become upright. When they
came, they made possible the most advan-
ced form of learning transmission from one
generation to the next that had yet appeared
among the earth's mammals, as far as we
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know. So, in a flash of evolutionary insight,
the power of spoken language, added to the
preexisting attainments of uprightness and
bipedalism, enhanced man's competency for
the skilled use of his body. They gave an
immeasurable stimulus to man's ongoing
exploration of the limits of his body's capac-
ities. His first great evolutionary transcen-
dence had been his erect bipedalism; the
second came with spoken language.

Armed with these two distinctive attri-
butes, humankind has attained humanity.
Man has reached thereby a new level of
organization in the universe.
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KAUZUISTIKY e CASE REPORTS

KLEIDOKRANIALNI DYSPLAZIE
CLEIDOCRANIAL DYSPLASIA

M. KUKLIKY ? | 1. MARIKY, D. ZEMKOVA3

D' Ambulantni centrum pro vady pohybového aparitu, Geneticka ambulance,
Praha 3
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SOUHRN

Autofi v kasuistickém sdé€leni demonstruji plné vyjadfenou formu kleidokranidlni dys-
plazie, diagnostikované po narozeni u chlapce. Popisuji pribéh této raritné se vyskytujici.
systémové vady, rozvoj symptomatologie vcetné klinicko-antropologicko-radiologickych
pfiznaku, biomechanickych zvlastnosti a fenotypickou charakteristiku. Vyty¢ili hlavni antro-
pogenetické, genealogické vztahy, preventivni opatfeni a lécebné moznosti. Kasuistika je
doplnéna obrazovou dokumentaci, tabulkou a grafy, dopliiujicimi antropometrické hodno-
ceni v obdobi rastu.

Klicova slova: kleidokranidlni dysplazie, antropometrie, dédi¢nost, biomechanika, kom-
plexni l1éceni.

SUMMARY

Case report demostrates a boy suffering from cleiodocranial dysplasia with full
expressed symptomatology. There are described clinical and radiological findings, biome-
chanical peculiarities. Phenotype and typical X-rays are demonstrated at figures. As anthro-
pogenetic and genealogical relations as preventive proceedings and management are
described. Anthropometric parameters from the growing period are summarized in table
and graphs.

Key words: Cleidocranial dysplasia, anthropometry, inheritance, biomechanics,
management
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UVOD

Kleidokranidlni dysplazie je charakteri-
sticky dédi¢ny syndrom, kostni dysplazie
s pfevaZujicim postiZenim vyvoje membra-
nosnich kosti, projevujici se poruchou
vyvoje predevsim skeletu lebky, kli¢nich
kosti a panve. Historie rozpoznani onemoc-
néni saha do 19. stoleti, kdy bylo popsano
nezavisle Scheuthauerem 1871 (5) a Marie
a Sainton 1897 (3). Prvni zminka je uvede-
na v Homérové Iliadé (6). V literatufe se
uvadéji razné synonymni ndzvy, napf. klei-
dokranidlni dysost6za, mutacni dysostoza,
osteodentdlni dysplazie, generalizovani
dysostoza, pelvikokleidokranidlni dysplazie
a kleidokranidlné pubicka dysostoza.

Typickym klinickym projevem je
hypermobilita svéSenych ramen v duasledku
hypoplazie nebo aplazie obou kli¢nich
kosti a nadmérny ruast krania v transverzal-
nim rozméru - velkd brachycefalicka lebka.
V kojeneckém véku se zjistuji velké fon-
tanely a Siroké Svy, pozdéji byva opozdéné
n€kdy netplné uzavieni fontanel. Oblicej je
maly se sedlovitym nosem, vysoké patro
nékdy byva spojeno s roz§tépem.

V novorozeneckém véku byva casta res-
piracni tisen pro deformity hrudniku. Res-
piracni obtiZze pfetrvavaji po celé détstvi
(azky hrudnik). OpoZzdéni rustu je stied-
niho stupné, chiize byva abnormailni. Oje-
dinéle se popisuji pfidruzené anomadlie: hlu-
chota, patologické zlomeniny, symetricka
makrodaktylie 2. prstii nohou, Siroké palce
na rukou, progredujici skoli6za, Raynaudav
fenomén, aneurysma arteria cerebralis ante-
rior, teleangiektasie, epilepsie, diabetes mel-
litus. Ojedinéle se prokazuji chromosomal-
ni aberace v oblasti 8q22 a pericentricka
inverse chromosomu 6.

Rentgenologicky obraz: Brachycefalickd
lebka, velky biparietilni pramér, prominujici
frontilni hrboly, opozdéna osifikace prede-

v§im vazivové preformovanych kosti -
oteviené fontanely a Siroké $vy, Siroky Sev
sipovy (persistuje do 4 let), defekty osi-
fikace parietilnich kosti, velka fontanela
zlistava neosifikovana i v dospélosti, mno-
hocetna ossa wormiana (okcipitalni a pari-
etalni krajina), opozdéné uzavieni sutura
mentalis, hypoplasie sfenoidilnich kosti,
nevyvijeji se frontdlni, ale i ostatni paranazal-
ni sinusy, obli¢ejové kosti jsou hypoplas-
tické, mandibula Sirokd, prognacie, pozoruje
se impakce zubt, hyperodoncie, anomalie
foramen magnum. Kratka svisla Zebra,
sniZzeny pocet Zeber na 11 part, opozdéna
osifikace sterna, aplazie klicka v 10 % (pre-
vazuje casteCnd aplazie laterini nebo
medidlni, vyskytuji se i paklouby), malé
lopatky. Perzistuje synchrondréza mezi
obratlovymi tély a odstupujicimi oblouky,
vysoka incidence spondylolyzy bedernich
obratlti, spina bifida occulta, cistecni
aplazie kosti kfiZzové s aplazii kostrce,
skoliéza, kyféza, dorsilné Kklinovity tvar
hrudnich obratli. Na kostech rukou byvaji
rozlicné anomalie: tubuldrni tvar Kosti,
dlouhy 2. a 5. metakarp, kratké stfedni falan-
gy, zaspicatélé distalni falangy, konické
epifyzy, pseudoepifyzy metakarpti, nad-
pocetné kustky, opozdéni osifikace. Pubické
kosti mohou chybét, v dospé€losti Siroka pu-
bicka symfyza s opozdénou osifikaci. Lopaty
kycelnich kosti jsou vertikalni hypoplas-
tické. Coxa vara nebo valga s deformovany-
mi hlavicemi i krcky, tubularni tvar dlou-
hych kosti. Ojediné€le se vyskytuji vrozené
pseudoartrozy femuru a tibie. Kratké nebo
chybéjici fibuly. Nadpocetna osifika¢ni cen-
tra metatarzu, konické falangy prstii rukou
a nohou. Mlé¢ny chrup se profezava pozdé-
ji, mohou byt retence a dystopické anomalie
zubnich zarodk(. ZvySend kazivost zubt
v duasledku chybné biochemické struktury
skloviny, dentinu a cementu. Pfedc¢asna ztra-
ta trvalé dentice (6).
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V r. 1975 bylo v pisemnictvi referovano
o 700 pfipadech a dalsich 100 asociaci
s jinymi malformacemi.V roce 1994 jiz bylo
popsano vice nez 950 postizenych. Taybi
a Lachman (6) uvadéji frekvenci vyskytu
0,5 :100 000 Zivé narozenych.

KASUISTIKA

Pacient muZského pohlavi pochazi z 1.
fyziologického té€hotenstvi nepfibuznych
rodi¢a. Porod byl v terminu, spontanni,
zdhlavim. P. h. byla 3300 g, p. d. 49 cm. Po
porodu byla zjisténa mékka lebka bez osi-
fikace. V. Ambulantnim centru pro vady
pobybovébo apardtu v Praze byl vysetien
ve 3,5 letech pro poruchu desmogenni osi-
fikace, chybéni kli¢nich kosti a makrokranii
s poruchou osifikace. Na zikladé klinického
a rentgenologického vySetfeni byla stano-
vena diagnoza kleidokranialni dysplazie.

Z klinického vySetifeni vyjimame:
Velka brachycefalicka lebka s prominujici-
mi tubera parietalia et frontalia bilateralis,
sedlovity kofen nosu (obr. 1), neosifiko-
vanid pruzna velkd fontanela 8x6 cm,
zahlavi pevné. Chrup byl kariézni, v dutiné

Obr. 1. Velka brachycefalicka lebka s prominu-
jicimi tubera parietalia et frontalia bilateralis,
sedlovity koren nosu chlapce ve véku 5 let.

astni medianni submukosni rozSt€p patra.
Vyrazné chabé drzeni téla (obr. 2a), panev
dopredu sklonénd, piatef se nevybocovala.
Dopredu svésena ramena (obr. 2b), obous-
tranné chybéjici klicky umoznuji ditéti dat
ramena k sobé (obr 2c). Hrudnik byl

Obr. 2 a, b, c. Vyrazné chabé drzeni téla (2a),
panev dopredu sklonéni, dopfedu svésend rame-
na (2b), oboustranné chybéjici klicky umoziuji
ditéti dat ramena k sobé (2c¢).
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trychtytovity s Harrisonovou ryhou, para-
sternalné naznacen ruzenec (obr. 3).

T
i

Obr. 3. Trychtyfovity hrudnik s Harrisonovou
ryhou, parasternilné naznacen ,rachiticky®
ruzenec.

Obr. 4 a, b. Hypervalgozita pat
a plochonozi 3. stupné (4b)
bylo indikaci k 1é¢eni sandilko-
vymi ortézami a specidlnimi
vlozkami do bot (4a).

Hrani¢né€ biomechanicky zidvazna valgo-
zita v kolenou s intermaleolarni vzdilenosti
5 cm. Konstatoviny pedes planovalgi 3
stupné (obr. 4b) a biomechanicky zivazna
hypervalgozita hlezennich kloubti obou-
stranné€ (téméf 10 stupni), proto byla zaha-
jena lécba specidlnimi vlozkami do bot
(obr. 4a). Kloubni hypermobilita malych
i velkych kloubu. Na obou rukou byly
zjistény atypické dermatoglyfické vzory
a Ctyfprsta dlanova ryha.

Vysetieni podogramu v 6 letech ukizalo
pedes planovalgi 3. stupné bilateralné (obr.
5a), v 9 letech 2. stupné (obr. 5b), pacient
vice zat€Zoval hlavicky 5. metatarzi.

RTG vySetieni je dokumentoviano na
dalich obrazcich: Lebka: neaplna osifikace
kalvy v oblasti velké fontanely, ossa sutu-
rarum v okcipitalni krajiné (obr. 6a,b). Na
RTG snimku ramen nebyly prokazany
klicky, lopatky hypoplastické, ramena
svésena (obr. 7).
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Obr. 5a,b. Podogramy zhotovené ve véku 6 let prokazaly plochonoZi 3. stupné (5a), podogramy odebrané

v 9 letech ukazaly plochonozi 2. stupné (5b).

Obr. 6 a, b. RTG lebky v pfe-
dozadni a boc¢ni projekci v 5
letech - neuplna osifikace kalvy
v oblasti velké fontanely, sutura
metopica (6a) frontalni kosti-
ossa suturarum v okcipitalni kra-

jin& (6b).

RTG hrudniku v AP projekci v 9 letech
prokazalo svisly sklon 11 para Zeber
(obr. 8). RTG snimek ky¢li a panve v pre-
dozadni projekci ukdzal chybéni osifikace
pubickych kosti i sedacich, Siroké sakroili-
akalni synchrondrézy a rozestup symfyzy.

Vyrazna byla valgozita krckti obou femura.
Velké nepravidelné epifyzy hlavic byly
dobfe centrovany v acetabulech, lopaty
kycelnich kosti uzké a vysoké (obr. 9a,b).
Na snimku hrudni a bederni patefe v bo¢né
projekci se ukazal dorsalné€ klinovity tvar
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Obr. 8. RTG ramen v pfedozadni projekci
v 5 letech - pfitomny jen rudimenty
medidlnich ¢asti klicka, hypoplastické
lopatky.
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Obr. 9 a, b. RTG snimek ky¢li a panve v pfedozadni pro-
jekci v 6 a 9 letech ukazal chybéni osifikace pubickych
kosti i sedacich, Siroké sakroiliakalni synchrondrézy a ro-
zestup symfyzy, velké nepravidelné epifyzy hlavic
a nepravidelné metafyzy, vyrazna valgozita kr¢kti obou
femurti s dobrou centraci, lopaty kycelnich kosti ndpadné
uzké a vysoké.

obratlovych tél, kterd jsou oplostéla (obr. 10).
Snimek levé ruky a zapésti prokazal opozdénou
iregularni osifikaci, mnohocetné pseudoepifyzy
na proximalnich koncich metakarpu, kratsi stied-
ni falangy a dysplastické prihrocené distilni
falangy (obr. 11).

Antropometricky byl vySetfen poprvé v 6
letech:Télesnou vyskou 105,9 cm byl pod 3. per-
centilem (-2,2 SD). Télesna hmotnost 17 kg byla
ve shodé s vySkou. Chlapec mél relativné velmi
kratky horni segment téla (-3,4 SD), délka dol-
nich koncetin byla v normé (-0,8 SD, délka
hornich koncetin na dolni hranici normy (-1,8
SD). Bylo patrno mirné rhizomelické zkriceni.

Vyznamné zmenS$eni biakromialni Sifky (-3,7 SD)

Obr. 10. RTG pitefe v boc¢ni projekci v 9 letech - aty-
picky dorsilné klinovity tvar obratlovych tél a jejich
oplosténi.
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Obr. 11. Snimek levé ruky a zapésti ve 3,5 letech
- opozdéna iregulirni osifikace, mnohocetné
pseudoepifyzy na proximalnich koncich meta-
karpu, kratsi stfedni falangy a dysplastické prihro-
cené distalni falangy.

v duasledku chybéni klickti. Pomérné tzka
byla panev a transversilni pramér hrud-

niku. Relativné silné horni koncetiny i Sitka
distalni epifyzy humeru. Kefalometrie:
Obvod hlavy 54,6 cm (mezi 90. a 97.P -
horni hranice normy). Osifika¢ni defekt na
kalvé, velka fontanela byla 6 x 5 cm. Caput
quadratum, mozkovna byla hyperbrachyce-
falni s tzkou bazi lebni. Uzky oblicej,
vyrazna hypoplazie stfedni etiZze obliceje.
Odchylky od normy a disproporce jsou
zobrazeny na morfogramu a kefalogramu
(graf 1 a 2).

Kostni vék v 9 letech odpovidal kalen-
dafnimu véku. Pseudoepifyzy proximalnich
koncti metakarptl pretrvavaji. Distalni falan-
gy prsti jsou dysplastické, na falangich
a metakarpech jsou atypické vysoké epifyzy.

Pii poslednim klinickém vySetieni
ve véku 13,5 let chlapec dobfe spolupraco-
val, mentalné¢ odpovidal normé, ve Skole
prospival nadpramérné. Typicka facies,
vpaceny kofen nosu, prominujici tubera
frontalia et parietalia, neosifikovani oblast
velké fontanely v ploSe 5 x 5 cm, gotické
patro, kratky trup s chabym drZenim
a akcentaci hrudni kyf6zy i lumbosakralni
lordozy. Zjisténa mnohocetna retence zubu
stalé dentice a gotické patro. Nehmatné
kli¢ni kosti. Pfi flexi patefe bylo omezeni
rozsahu pohybu v torakolumbalni krajiné.
Patef se mirné vybocuje v torakolumbalni
krajiné doprava.V kyclich pretrvava hyper-
mobilita (vnitini a zevni rotace 50 stupiit),
zevni torze bércu bilateralné pfiblizné 20

Télesna vyska [cm] | Télesna hmotnost [kg] Vék SD skore
105,9 17,0 6r2m 228D
110,6 18,0 7r2m ~2,6 SD
116,0 18,0 8r3m -2,7 SD
1253 21,8 10r2m -2,5SD
129,8 24,0 10r4m -2,7 SD
134,0 27,0 12r3m -2,6 SD
137,3 30,0 13r5m -2,7SD

Tabulka 1. Dynamicky rozvoj télesné vysky a hmotnosti
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Graf 1. Morfogram télesné stavby pacienta v 6
a 13,5 letech.

TV - télesna vyska

HS - horni télesny segment

DS - dolni télesny segment

HK - horni koncetiny

BIA - biacromidlni $itka

BIC - bicristdlni Sifka

T - transversilni primér hrudniku
S - sagitalni pramér hrudniku
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Graf 2. Kefalogram pacienta v 6 a 13,5 letech

oh - obvod hlavy

g-op - délka mozkovny

eu-eu - nejvetsi Sitka mozkovny

ft-ft - frontotemporalni sitka cela

zy-zy - bizygomaticka Sifka

n - gn - vyska obliceje

en - en - vzdalenost vnitinich o¢nich koutka
ek-ek - vzdilenost vnéjsich o¢nich koutkt

stupfil - je pfimérena. Osy dolnich konce-
tin jsou jiz pfimé a paty se vybocuji jen
mirné (ne vice nez 5 stupnu). Podogramy
prokazaly plochonoZi 1. stupné.

Posledni antropologické vySetieni
provedené ve véku 13,5 let prokiazalo
télesnou vysku 137,3 cm (pod 3P, tj. -2,7
SD) a t€lesnou hmotnost 30 kg (vzhledem
k vySce mezi 25 a 50 P). Sexudlni maturace
ukazuje pocate¢ni znamky puberty s opoz-
dénim asi 2 roky (P1, G2, testikulirni objem
4 ml). Télesné sloZeni je v mezich normy,
v poruchiach proporci je nadale nejvyraz-
néji zkricen trup (vySka vsedé 68 cm,
tj. -3,2 SD), nejméné dolni koncetiny (dolni
télesny segment -1,5 SD) Horni koncetiny
jsou vice zkriceny nez dolni (-2,5 SD).
Ramena jsou velmi uzkd (-2,7 SD) a tzka je
i panev a hrudnik. Torakalni index 83 - je
vyznamné zvySen. V Kkefalometrickém
meéfeni je obvod hlavy 57,2 cm (na 90 P 1,3
SD) hodnocen jako relativni makrocefalie
bez progrese. Mozkovna je hyperbrachyce-
falni a oblast velké fontanely dosud neni osi-
fikovana.

Zdvér: Srovnani s vySetfenim v 6 letech
ukazuje, Ze zkraceni trupu neprogreduje
a uvedené disproporce se spiSe zmirfiuji
(graf 1 a 2). Celkové je rust pacienta retar-
dovin jak ve srovnani se zdravou populaci,
tak vzhledem k vySce rodicu - podle vysky
rodi¢t bychom ocekavali rist mezi 3. a 25.
percentilem s cilovou vySkou 170 cm
+10 cm. Dlouhodoba predikce byla okolo
160 cm, nyni je patrné zpomaleni rastu
v dusledku opozdéni puberty. Dynamicky
rozvoj télesné vysky a hmotnosti je shrnut
v tabulce 1 a zakreslen v percentilovém
grafu 3.
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Graf 3. Vyvoj télesné vysky a hmotnosti - per-
centilovy graf

GENEALOGICKE VYSETRENI

U matky probanda nemutzZeme vyloucit
neuplné (frustni) vyjadfeni onemocnéni
s nizkou télesnou vyskou 155 cm. Matka
méla ke konci téhotenstvi problémy
s kyclemi a uidajné byly zjistény v.s. dysplas-
tické zmény hlavic femort. Jeji matka pry
meéla zjiStény mirné projevy dysplazie hlav-
ic femurt, je také nizs$i télesné vysky
(153 cm). V dalsim pfibuzenstvu podobné
onemocnéni nebylo zjisténo. Zdver: S jisto-
tou v8ak u pacienta nelze rozhodnout, zda
jde o cCerstvou mutaci nebo a AD pfenos
s variabilni expresivitou ve 3 generacich.

Dermatoglyfické hodnoceni ukazuje
oboustranné patrné jednoduché flekcni
ryhy dlani (tzv. ¢tyfprstové ryhy). Na prstech
jsou pouze jednoduché vzory s nizkymi
frekvencemi papilarnich linii. Dlané jsou
uzké, takze atd uhel je sniZen na obou rukou.
Kvantitativni hodnoty papildrnich linii jsou
sniZeny, total ridge finger count je niZsi.

Laboratorni vySetieni markert kost-
niho metabolismu (vyluc¢ovini mocového
pyridinolinu a deoxypyridinolinu, kostni
isoenzym ALP a osteokalcin) opakované
neprokazalo odchylky proti vékovym nor-
mam. Jedenkrat byla zachycena polyglobu-
lie se zvySenim erytrocyta na 5,4 T/l se
sniZenym objemem na 76 cm? a hrani¢né
zvySenym poctem trombocytu.

Lécba pacienta byla dlouhodobé reali-
zovana v ramci rehabilitacnich pobyta
v Kostelci n. Cerny?mi lesy (do roku 2000).
Od 5 let je vedena ortoticka 1é¢ba dynamic-
kymi korek¢nimi ortézami sandilkovymi
s korekci postaveni nohou, pozdéji byl
1écen specialnimi vlozkami do bot. Fyziote-
rapie se dodnes pifedevSim zaméfuje na
ovlivnéni spravného drzeni téla. Doslo
ke zlepSeni postaveni pat a zmirnéni plo-
chonozi. Lécebné preventivné bylo doporu-
¢eno omezeni v télesné vychové, a to ome-
zeni zatéZe hornich koncetin pro nestabilitu
pletenct ramennich, byly zakazany stoje na
hlavé, kotouly, kontaktni hry jsou nevhodné.

DISKUSE A ZAVER

Kleidokranidlni dysplazie je heterogen-
ni systémovou vadou (1, 2). Projevy mohou
byt znac¢né variabilni. Jednou z pficinnych
mutaci je defekt CBFA genu, transkrip¢niho
faktoru, tzv. run family s chromosomalnim
lokusem na kratkém raménku 6. chromoso-
mu (6p21) (1, 4). V souhlase s udavanym

158 LOCOMOTOR SYSTEM vol. 10,2003, No. 3+4



lokusem i heterogenitou jsou prokazované
chromosomalni aberace v oblasti 8q22
i pericentricka inverse chromosomu 6 (6).
Nase osobni zkuSenost s kleidokranidlni
dysplazii zahrnuje 16 pfipadi. Devét pii-
padu z 16 bylo zdédénych.Taybi a Lachman
uvadéji osobni zkuSenost s 12 pfipady,
z toho tietina byla Cerstvych mutaci (6).

Kasuistické sdéleni demonstruje spolu-
priaci genetika s ortopedem a antropolo-
gem. Na uvedeném pfipadu byla ukdzina
raritn€ se vyskytujici pln€ vyjadfena forma
kleidokranidlni dysplazie s dirazem na
antropogenetiku, biomechaniku, fenoty-
pické charakteristiky, genealogické vztahy,
preventivni a lécebnd opatfeni. Z genealo-
gického vysetfeni nelze rozhodnout, zda
jde o Cerstvou mutaci nebo autosomalné
dominantni pfenos s variabilni expresivitou
ve 3 generacich. V pfipadech cerstvych
mutaci v rodiné neni zvySené riziko pro
sourozence probanda. Choroba je AD
dédi¢na s rizikem az 50 % pfenosu na
potomky postizeného. K objasnéni moz-
ného prenosu mutace ze strany matky by
mohlo pfispét rentgenologické vySetfeni
kycli, lebky a kli¢nich kosti.

Prenatilni ultrasonograficka diagnostika
kleidokranialni dysplazie neni spolehliva
vzhledem ke skuteCnosti, Ze vétSina pfi-
padt se projevuje jako caste¢na porucha
desmogenni osifikace kalvy a kli¢nich kosti,
a proto USG verifikace je nihodnym nale-
zem i v rodinich, kde se tato kostni dyspla-
zie jiz vyskytla.

Kleidokranidlni dysost6za je i u naseho
pacienta v souladu s literarnimi tdaji spoje-
na s malym vzrastem. Chlapec ma kratky
trup a horni koncetiny, izka ramena, kla-
vikuly jsou ¢astecné€ aplastické. Pfi opako-
vanych dal$ich vySetfenich pretrvavaji tyto
znaky bez daldi progrese, spiSe se stavaji
méné napadné. Kefalometrické vySetfeni

opakovan€ prokazovalo relativni makroce-
falii s hrani¢ni disproporci mezi neurokra-
niem a splanchnokraniem, hyperbrachyce-
falii, hypoplazii stfedni etiZe obliceje, Sirsi
sedlovity kofen nosu a mensi o¢ni Stérbinu.
Tyto disproporce jsou typické pro diagno-
zu, se vzrustajicim vékem se prili§ neméni.

Béhem rustu jsme u chlapce z biome-
chanického pohledu sledovali pfiznivy
vyvoj osy dolnich koncetin véetné normal-
izace plochonozi. Biomechanika pitere se
naopak vyviji k progresi kyfoskolioézy pii
trvajici kloubni hypermobilité, coz v obdobi
ruastové akcelerace si ziejmé vyzada zave-
deni komplexniho léceni (kromé jiz zave-
dené 1écebné télesné vychovy zaméfené na
zlepSeni drZeni téla bude zvaZovana korze-
toterapie v intermitentnim rezimu). Pfipady
s Castec¢nou aplazii klicnich kosti mohou
zahrnovat i oboustranné paklouby klicku,
které mohou byt indikoviany k opera¢nimu
léceni podobné jako vrozena pseudoartroza
klicku (nejlépe resekce pakloubu a rekon-
strukce klicku kostnim Stépem z panve -
osobni zkuSenost). Zevni fragmenty klicku
mohou pusobit utlakovy syndrom plexus
brachialis, coZ vyzaduje operaci - resekci
fragmentt klicka. Ziidkakdy je indikovano
opera¢ni léceni deformit krcka femurt
nebo opakovanych luxaci ramennich
kloubti. V dospé€losti je nutno predpokladat
tendenci k patologickym zlomeninim
z osteoporodzy a hojeni paklouby.

Proband je v dlouhodobé péci stoma-
tologa vzhledem k mnohocetnym retencim
a zvySené kazivosti chrupu. V pozdéjsim
véku se zvyraziiuji Cetné dentalni anomalie,
napf. oligodoncie. Lze ocekavat poruchu
stalé dentice jako poruchy profeziavani,
reinkluse, polohové anomdlie zubti, impak-
ce a komprese zubu.

Z diferencidlné diagnostickébo hledis-
ka je tfeba zvazovat pyknodysostozu, ktera
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ma téZz perzistenci velké fontanely, zvySe-
nou lomivost kosti, av§ak patologicky zvyse-
nou denzitu. Jeji etiopatogneze je zcela
odlisna, jedna se o metabolickou poruchu
enzymu Kkatepsinu s chromozomilnim
lokusem 1q21, autosomailné recesivné
dédi¢nou. V tvahu pripadaji i dalsi raritné
se vyskytujici nosologické jednotky, napf.
vrozend klavikuldrni hypoplazie (véetné
pseudoartrézy klicku pfi neurofibro-
matoze), mandibuloakrdlni dysplazie,
bypofosfatdazie, Yunisuv-Varonuiv syn-
drom, parietdlni foramindlni klei-
dokranidlni dysplazie, skapuloiliakdlni
dysostoza, kraniomandibuldrni derma-
todysostoza aj (6,7).
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MERENI ROTACE OBRATLU Z RTG SNIMKU

MEASUREMENT OF AXTAL VERTEBRAL ROTATION
FROM X-RAY IMAGE

PALLOVA 1., SORFOVA M., RYSAVKOVA A.

Katedra anatomie a biomechaniky
Fakulta télesné vychovy a sportu UK, Praha

Department of Anatomy and Biomechanics
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SOUHRN

Price se zabyva hodnocenim idiopatické skoliézy se zaméfenim na rotaci obratlt.
Idiopaticka skoli6za je prostorova deformita patefe. Pro diagnostiku, terapii a prognézu
skolidzy je prinosné ji hodnotit ve vSech tfech rovinich. Hodnoceni rotace se vSak casto
opomiji a standardné neprovadi.

Prace popisuje ptvodni metodu vypoctu zmény postaveni obratle kolem axidlni osy
v transverzdlni roviné z RTG snimku v anterioposteriorni (AP) projekci. Metoda vychazi
z tabulkovych hodnot primérnych parametri obratli hrudni patefe. Metodu lze vyuZzit
v klinické praxi.

Klic¢ova slova: idiopaticka skoliza, rotace obratl(, rentgenové vysetreni, 3D diagnosti-
ka patefe, optické zobrazovaci metody

SUMMARY

We are interested in problem of spinal deformity, idiopathic scoliosis especially. Scolio-
sis is threedimensional deformity of spine and rib cage, a large component of the deformi-
ty is a vertebral rotation. Despite its importance for diagnostics, therapy and prognosis, the
evaluation of vertebral rotation is often neglected in the clinical use.

In our work we created a model calculation of vertebral rotation around the axial axis.
This original method enables to count the change in the vertebral position in the transverse
plane from an anteroposterior X-ray image. The rotation of the vertebrae is evaluated based
on average parameters of a thoracic vertebra, thus individuality can not be expressed. This
method is suitable for use in clinical practice.

Key words: idiopathic scoliosis, axial rotation of vertebrae, X-ray evaluation, 3D diag-
nostics of scoliosis, optical non-invasive diagnostics methods
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UVOD

Skolioza je tfidimenziondlni deformita
patefe a hrudniho koSe, tzn. Ze poruchy
tvaru nachazime ve vsech tfech hlavnich
anatomickych rovinach. Standardné se vSak
skoli6za hodnoti z RTG snimku jen v ante-
rioposteriorni (AP) projekci ve frontalni
roviné dle Cobba (obr. 1a). Metodou dle
Cobba je méfen tuhel tecen v inflexnich
bodech paterni kfivky. V klinické praxi jsou
inflexni body oznacované jako koncové
obratle, nejvice sklonéné do konkavity
kfivky. Z praxe vSak vime, Ze u nékterych
pacientu se muZe vyskytovat jen minimalni
laterdlni deviace patefe doprovizena
vyraznym zakfivenim v transverzalni ro-
viné€, jak je patrné ze snimku moiré
topografie (obr. 1b). Dalsim davodem pro
hodnoceni rotace je fakt, Ze pravé pfitom-
nost rotace (a torze) obratle je udavana jako
jeden ze znak strukturilni skoliozy.

Rotace z RTG snimki se nejcastéji hod-
noti orienta¢né 5 stupni metodou dle Nashe
a Moa podle pramétu pedikli do téla obra-
tle. Cilem nasi prace bylo vypocitat velikost
rotace obratli z RTG snimku v AP projekci
a stupné dle Nashe a Moa prevést vyse
zminénym vypoctem na thlové jednotky.

POSTUP VYPOCTU UHLU
ROTACE OBRATLE Y,

Jedna se o vypocet rotace obratle kolem
axidlni osy z RTG snimku v AP projekci
(frontalni rovina). Na RTG snimku se zmé&ii
vzdalenost vnitini hrany pediklu od osy
soumérnosti obratle. Pomoci goniometric-
kych funkci se ziskd thel rotace ve stupnich.
Vypocet vychiazi z pravouhlych trojahelnikt
(obr. 3, 4), odvozenych z pramétu obratle
v transverzdlni roviné. Metoda vychazi

Obr. 1a) metoda méfeni doplnkového uhlu o
dle Cobba

stessssase ey

Obr. 1b) moiré topografie

z tabulkovych primérnych hodnot pro jed-
notlivé obratle hrudni patere.
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Dolnim indexem jsou v ¢linku oznaco- Trojihelnik ¢. 1
vany parametry: n = namérené hodnoty, i =

pramérné tabulkové hodnoty (,idedlni®), Pro vypocet jsme pouzili prumérné
v = od vnitini hrany pediklu, x = pfevod na rozméry hrudnich obratla Th1-Th12, které
realné rozméry konkrétniho obratle pacien- jsou geometricky znazornény na obr. 2.
ta pomoci méfitka x Jejich hodnoty udava tab. 1.

Spinal canal
Articular processes (facets)

Spinous process

Vertebral body

Obr. 2: Geometricka 3D anatomie obratla (12)
Legenda: prvni dvé pismena oznacuji anatomickou ¢ast, tfeti pismeno urcuje rozmér (v anglicting).

UE = horni kloubni plocha (upper end-plate) W = 8ifka (width)

LE = dolni kloubni plocha (lower end-plate) D = hloubka (depth)

VB = obratlové télo (vertebral body) H = vyska (height)

SC = patefni kanal (spinal canal) A = oblast (area)

PD = pedikl (pedicle) I = sklon (inclination)

SP = trnovy vybézek (spinous process) s = sagitdlni rovina (sagittal plane)

TP = pfic¢ny vybéZek (transverse process) t = horizontalni rovina (transverse plane)

p = zadni (posterior)
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Thl | Th2 | Th3 | Th4 | Th5 | Th6 | Th7 | Th8 | Th9 | Th10|/Th11|Th12
SCW [mm] | 21,8 | 195 | 183 | 17,0 | 17,1 | 173 | 173 | 17,7 | 179 ] 182 | 194 | 222
PDW mm] | 82| 84| 70| 55| 62| 60| 65| 67| 76| 83| 88| 88
PDIs [stupné]| 28,1 | 28,9 | 22,5 | 21,8 | 202 | 19,4 | 23,4 | 225 | 193 | 144 | 129 | 80

Tabulka 1. Pramérné hodnoty rozméru obratle hrudni patefe Th1-Th12 pouzité v trojuhelnikich pro

vypocet dhlu rotace y; (12).

Na RTG snimku pitefe v AP projekci lze
ziskat informaci o rotaci obratli pouze
z trnového vybézku nebo z umisténi pedik-
Ia. Pediculus arcus vertebrae (patka)
pfipeviiuje obratlovy oblouk k télu obratle
mezi incisura vertebralis superior et infe-
rior (PD na obr. 2). Trnovy vybézek je na
RTG snimku hufe rozliSitelny a muze byt
deformovan tahem svald, které se na néj

Pi

Obr. 3: Pravouhly trojihelnik pro vypocet strany b,

_bi
iTtga,

b

upinaji. Navic vzhledem ke svému Sikmému
prubéhu se trny v hrudni patefi promitaji
o segment niZze nezZ télo obratle, k némuz
patfi. Proto jsme pro hodnoceni vybrali
prumét pedikla.

Z prumérnych tabulkovych hodnot
(tab. 1) pro jednotlivé obratle lze zjistit
pravouhly trojuhelnik, ktery je tvofen
stranami p,, r;, b; (obr. 3).

a. - PDIs, thel mezi osou z souradnicového systému a spojnici pocatku soufadného systému a stfedu

pediklu (dhel je znazornén v transverzalni roviné xz)

p; - soucet poloviny Sife patefniho kandlu v nejsir$im misté (SCW) a poloviny $ife pediklu v nejuzsim

mist¢ (PDW), p; = 0,5 PDW + 0,5 SCW
a min PDW)

ho bodu soufadného systému

b, - kolma vzdalenost (po ose z) od pocatku souradného systému k pi (pfimce probihajici max SCW
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Strana p, je tvofena polovinou Sife
muze mit Sikmy pribch a tim byt zdrojem
nepfesnosti v délce strany p;. Pro zjisténi
chyb jsme na nékolika hrudnich obratlich

foramen vertebrale a nejuzsi misto pediklu,
dale pak $ifku foramina i s pedikly dohro-
mady. Soucet jednotlivé naméfenych hodnot
Sife foramina a pediklu se shodoval (s pfes-
nosti na desetiny milimetru) s celkové

namérfenou hodnotou Sife foramina i s pe-
dikly, pficemz nejuzsi misto pediklu navazo-

Sj

Obr. 4: Trojthelnik pro vypocet (pramérného) thlu o,

_Si
tgo, =

i

naméfenych hodnot lze zanedbat zménu
velikosti PDW zptisobenou Sikmosti pediklu.

Trojahelnik ¢. 2

Z RTG snimku v AP projekci je urceni

vzdalenosti stfedu pediklu od stiedu Sirky
obratle p; obtizn€. Jednodussi je pouZzit
vzdalenost od vnitini hrany pediklu ke stre-
du obratle s;. Pfedpokladem je, Ze vnitfni
hrana pediklu je vymezena patefnim
kanalem SCW. Prumérny uhel o, pro kazdy
obratel Th1-Th12 jsme vypocitali pomoci
pravouhlého trojuhelniku, jehoz odvésny

jsou: b, a s, (obr. 4).

o, - thel mezi osou z soufadného systému a spojnici pocatku souradného systému a vnitini hrany
pediklu (dhel je znazornén v transverzalni rovin€ xz)

s, - polovina maximalni Sife patefniho kanalu (0,5 SCW), vzdalenost vnitini hrany pediklu od stfedu

paterniho kanilu

b, - kolmd vzdalenost (po ose z) od stiedu souradnicového systému k p; (shodna se stranou b; troj-

uhelniku ¢. 1)

r, - vzdalenost vnitfni hrany pediklu v misté nejsirSiho foramina vertebralae od pocate¢niho bodu

souradného systému
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Uhel zmény B,

Predpokladem je, Ze i kdyZ obratel rotu-
je, zustavaji pfepona r, a uhel o, trojuhel-
niku stejné (obr. 4). Na RTG snimku pfi
rotaci obratle se méni pramét odvésen s;
a b; do frontalni roviny. Pomoci méfitka
X transformujeme tyto tabulkové parametry
na rozméry konkrétniho obratle pacienta
r, > r.,s;, —> s, b, — b _(obr. 5).V dalsim
vypoctu vyuZijeme r, viz - Kapitola meto-
dicky postup. Zménu pramétu trojuhelniku
do frontilni roviny zméfime jako usecku s
(obr. 5). Pokud méfime s, na strané
konkavity kfivky, pak s _<'s ,na stran¢ kon-
vexity s > s, .

Hodnotu s je mozné ziskat pfimo
pravitkem z RTG snimki, nebo po jejich
digitalizaci (napf. naskenovani) zméfit
pomoci vhodného programu v PC. Jednou
z moznosti je vyuZit systém Autocad. Pfi

Sn

A

%

s x

Obr. 5: Zména pramétu trojuhelniku pfi rotaci
obratle na RTG snimku v AP projekci.
s, =b, xsiny, + s X cosy;

opakovaném meéfeni (3x) v Autocadu byla
prumérnd odchylka pro zjistény uhel pro
hrudni pitef 0,31° a pro bederni patef
0,16°.

METODICKY POSTUP

1) Naméiené hodnoty z RTG snimku
v AP projekci

a) s, - vzdilenost od vnitini hrany pri-

soumérnosti ve frontalni roviné (na strané
konvexity) - obr. 6.

Obr 6: Pramét pedikli na obratlovém téle
(ovilky po stranach) a paterniho kandlu (tmavsi
oblast uprostfed obratle) na RTG snimku.
Oznaceni parametru s .

Pedikl se promitd v horni ¢asti obrat-
lového téla, které je uzsi nez dolni ¢ast. Pro
moznost vyuziti tabulkovych hodnot (s)
misté patefniho kandlu. M¢fili jsme vzda-
lenost na kolmici k ose soumérnosti obratle
k vnitfni hrané nejsirstho mista pramétu
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pediklu - obr. 6. Pokud by parametr s_ byl
méfen v horni ¢asti pediklu, byl by jeho
rozmér o 10-20 % vétsi, protoze pedikl se
promita jako ovalek v horni ¢asti mensi plo-
chou.

b) x - méritko

Na RTG snimku zméfime Sitku (nebo
vysku) obratle, ktery je nejméné rotovin.
Sitku (nebo vysku) daného obratle v ta-
bulkich (tab. 2) dime do poméru se Sitkou
(nebo vyskou) obratle naméfenou na RTG
snimku. Tim ziskame méfitko x.

2) Pfepona r

Transformujeme vypocitany tabulkovy
parametr r, (tab. 2) méfitkem x na roz-
méry konkrétniho obratle. Méfitko x zjisté-
né ve frontdlni rovin€ pouzijeme i do roviny
transverzalni.

r, =1, XX
3) Uhel zmény f,

Pokud obratel rotuje kolem axialni osy,
ziskame diky pramétu usecky s, uhel

Sn

By

Obr. 7: Pravouhly trojuhelnik pro vypocet thlu
zmény .

zmény 3. Vychazime z pravouhlého troj-
uhelniku, jehoz strany tvofi: odvésna s
a pfepona r - obr. 7.

4) Uhel rotace obratle vy,

Miru otoceni obratle kolem axidlni osy
lze vyjadfit ahlem rotace v,. Pokud odec-
teme od uhlu o, thel zmény polohy obratle
v transverzalni rovin€ (3, pro dany obratel,
ziskime thel v, Uhel Y; vyjadfuje rotaci
obratle kolem axidlni osy prochazejici po-
c¢atkem soufadného systému ve stupnich.

Yi= lav - ﬁvl

POSTUP VYPOCTU UHLU
ROTACE Y; PRO LEKARE
V KLINICKE PRAXI

1) zhotoveni RTG snimku v AP projekci

2) zméfeni Sitky (nebo vysky) hrudniho
obratle, ktery je nejméné rotovan
............ [mm]

3) ziskani méfitka x: prumérné tabulkové
parametry (index i) daného obratle
(tab. 2) v poméru s naméfenymi hod-
notami (index n).

x = Wi ebo YBHD;
LEW, VBHp;

UEW;,
UEW;,

nebo

LEW - dolni sifka obratlového téla
UEW - horni $itka obratlového téla
VBHp - vyska obratlového téla

4) zméfeni vzdalenosti vnitini hrany pedik-
Iu od osy soumérnosti (stfedu S§irky)
obratle s vybraného hrudniho obratle
(nejvice rotovaného, koncového...)
............ [mm]

5) transformace tabulkové hodnoty r, obrat-
le nejvice rotovaného (tab. 2) méfitkem

L=0, XX . [mm)]
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6) dosazeni hodnot (naméfené a tabulko-

vé) do vysledného vzorce a ziskani thlu
rotace v,
Do vzorce se dosadi tabulkové hodnoty:
a1, (tab. 2) nejvice rotovaného obrat-
le, méfitko x a s, kter€ se naméii na RTG
snimku.

S

180 O i B o

Vi = Oy = = X arcsin LEW, . |
LEW v

(Pf. u konkrétni pacientky u nejvice roto-
vaného obratle Th9 bylo naméfeno s | 4 mm,
rotace obratle 8,86° - viz obrazek ¢. 6).

4
Y, =138 - lﬁo x arcsin 21,375
34
=8,86°
HODNOCENI ROTACE

Z RTG SNIMKU

Rotace z RTG snimku se nejcastéji hod-
noti podle prumétu pedikli do téla obratle
(Nash a Moe). Pedikly jsou ¢isti obratle spo-
jujici obratlové télo s obloukem obratle,
maji pfiblizné anteroposteriorni prubéh
(obr. 2, 6). Metodou dle Nashe a Moa se
hodnoti 5 stupfiti rotace podle pramétu
pedikltt do t€la obratle vzhledem k ose
soumérnosti predozadni roviny obratle na

AP rentgenogramu. Se zménou rotace obra-
tle se jejich pramét méni:

0 = pedikly jsou uloZeny symetricky pfi
okrajich téla obratle

1 = pedikl konvexity se lehce oddilil od
okraje téla

2 = pedikl je ve stfedni vzdalenosti stfed-

okraj obratle
3 = pedikl je uprostfed téla
= pedikl je na poloviné konkavity

V nasi praci jsme prevedli stupné 0-4
na uhlové jednotky. Pro vypocet jsme
pouzili jiz vy$e zminény modelovy vypocet
rotace a tabulkové hodnoty rozmérti hrud-
nich obratlit Th1-Th12 (12).

V literatufe se dale uvadi (u nas se
neprovadi) kvantitativni hodnoceni rotace
dle postaveni pedikli (Perdriolle torzio-
metr, Raimondiho metoda) nebo trnového
vybézku (metoda podle Bunnela) (10).
Vysledky jednotlivych studii se lisi ve
spolehlivosti jednotlivych metod. Nékteré
studie uvadi, Ze je nepravdépodobné pres-
né méfeni rotace u mirnych skolioz a diky
podstatnym intra a interindividudlnim chy-
bam nemuze byt o¢ekavano presné méfeni
torsiometrem (7). Naopak méfeni podle
Perdriolle torziometru je v jinych studiich
uvadéno jako jedna z nejvice presnych
metod (13).

Th12|Th11|Th10| Th9 | Th8 | Th7 | Th6 | Th5 | Th4 | Th3 | Th2 | Thl
UEW; [mm] | 24,5 | 24,9 | 24,6 | 24,5 | 24,9 | 262 | 27,8 | 29,5 | 30,6 | 31,9 | 34,9 | 39,0
LEW; [mm] | 27,8 | 274 | 259 | 26,0 | 27,0 | 28,2 | 29,1 | 30,5 | 33,0 | 35,4 | 39,1 | 42,1
VBHp; [mm]| 14,1 | 156 | 15,7 | 162 | 162 | 17,4 | 182 | 187 | 193 | 202 | 21,3 | 22,7
ay [stupnél | 5,7 | 90| 100 | 138 | 167 | 175 | 147 | 151 | 168 | 16,7 | 21,1 | 21,2
ty [mm] 1108 | 623 | 52,4 | 37,5 | 30,8 | 28,8 | 34,2 | 32,8 | 29,4 | 31,9 | 27,1 | 30,1

Tabulka 2. Pramérné hodnoty rozméru obratle hrudni patefe UEW, LEW,VBHp a vypocitané paramet-

ry z tabulek r,, 0, pro vypocet axidlni rotace v;.
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Rozmezi stupiit Uhel rotace Uhel rotace Uhel rotace Uhel rotace
[°1 (1 [°1 [°1 (1
Nash, Moe Obratel Th5 Obratel Th6 Obratel Th8 Obratel Th9
0 0" -2 0" -1° 0" -1’ 0°
1 4 4 4 3
2 8 8 9 7
3 20° 20° 23° 20°
4 26° 25° 29° 26°

Tabulka 3. Rozmezi 0-4 hodnoceni rotace dle Nashe a Moa ve stupnich a pfevedeni na thlové jednotky

z prumérnych parametra obratld.
DISKUSE

Rotace obratltl je hodnocena na zakladé
prumérnych hodnot z tabulek, proto
dosazené vysledky muzeme povazovat
Caste¢né za relativni. Pokud vSak budeme
pfi opakovanych méfenich vychazet ze stej-
nych (tabulkovych) parametra, miZeme
uthel zmény rotace (tzn. miru progrese
skolidzy) povazZovat za absolutni (presné)
¢islo. Optimalni by bylo, kdyby snimky byly
zhotovovany na stejném pracovisti a hod-
noceny stejnym lékafem.

V metodé jsou pouZziviny hodnoty
velikosti obratle z tabulek pro dospélou
populaci, nejsou uvazovany mozné zmény
parametra obratle (o, pp) s rustem jedince
¢i rlizné variace v morfologii. Pfedpokla-
dem metody je mimo jiné, Ze pomér roz-
mértt a ahla obratlli ve vSech trech rovi-
nach se s rastem neméni. Nastava otazka,
zda muze byt metoda hodnoceni ovlivnéna
tim, Ze tabulkové hodnoty nebyly ziskany
z ,Ceské“ populace.

Vysledek muze byt ovlivnén i nakloné-
nim obratle ve frontalni a sagitalni roviné€.
Pokud se zméni orientace obratle, zméni se
také struktury, kterymi prochazi RTG
paprsek.

Pfi nacitini dat z RTG snimku vznika
moznost subjektivni chyby zméfeni vzdile-
nosti s, a mozna absence malo rotované¢ho

obratle pro ziskani méfitka. Pfesnost mimo
jiné ovliviiuje také kvalita RTG snimku.

Pro nejvétsi presnost ziskani méfitka
x je vhodné vyuzit nejvétsi mozny rozmeér
tj. spodni Sifku obratle (LEW). Pro vypocet
vSak muzeme vyuzit i dal$i parametry
napfiklad vysku (VBHp), nebo horni $itku
obratle (UEW), rozdil méfitka se pak muze
zménit aZ o 4,7 % (VBHp) a 0 3,1 % (UEW).
Pfi této zméné dojde (u konkrétniho
pacienta) ke zméné zjisténého thlu rotace
Y¥; a2 0 0,7° (LEW) o 1,9 (VBHp). V praxi
doporucujeme pro véEtsi presnost pouZziti
stale stejného vychoziho parametru.

Pokud jsme k naméfenym hodnotim
(u konkrétniho pacienta) pro vypocet
méfitka x pfipocetli +2 mm, pak chyba pfi
odecditini naméfenych parametra z RTG
snimku zménila méfitko maximalné o 5,55 %,
pokud pripocteme k naméfenym para-
metrim =1 mm pak zména méfitka je az
0 3,03 % . Pfi 2 mm muZe byt ve vysled-
ném uhlu rotace zména az o 4,65 %. Poloha
maximilniho a minimalniho zakfiveni
patefe se vSak neméni.

U vybraného pacienta jsme provedli
vySetieni pomoci magnetické rezonance
(MRI) z fezu (transverzalni rovina), dle
metody Aaro a Dahlborna jsme naméfili sa-
gitlni axidlni hel vrcholového (nejvice
rotovaného) obratle 9,5°. Na stejném
obratli jsme pomoci vySe uvedeného
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vypoc¢tu z RTG snimku (frontdlni rovina)
zjistili rotaci 8,8°. Nemame zatim vEtsi sou-
bor pacientti, ktefi byli vySetfeni ziaroven
pomoci RTG a MRI, plinujeme dalsi
vyzkum v této oblasti.

V praxi se pfi hodnoceni paterni defor-
mity dostivame do rozporu s cilem co
nejpresnéjsi kvantifikace a s realnymi
mozZnostmi méfeni. Napiiklad standardni
odchylka rozdilt thlu dle Cobba pfi opako-
vaném RTG se udava 3,2° a pro opakované
méfeni jednoho snimku 2° (6). Podle
Stokese (8) spolehlivost hodnoceni verte-
bralni axidlni rotace a Cobbova thlu muze
byt az +10°.

Méteni bylo providéno na RTG snim-
cich, protoZe se béZn¢ pouZivaji k hodnoce-
ni skoliézy. Pfesnéjsi vypocetni tomografie
(CT) se standardné€ u skoli6z neprovadi, je
nakladna a protoze také vyuZiva absorpce
rentgenového zifeni, zatéZuje pacienta
mnohem vice nez RTG. Axidlni thel rotace
obratli z CT se méfi napfiklad podle
metody Aaro a Dahlborna, dle literdrnich
adaju je presn€jsi nez RTG vySetfeni, ale
$ikma pozice obratle je zdrojem chyb (3).
VySetfeni pomoci CT nebo MRI je pro-
vadéno vleZe a v soucasnosti neni jasny
pfesny vztah k vySetfeni ve vzpfimeném
drzeni téla (5).

RTG snimky maji byt pokud mozZno
provedeny v pfirozeném drzeni téla, neko-
riguji se drobné uklony nebo rotace. Pfi
kazdém vySetfeni pacienta maji byt splnény
standardni podminky, svisla ¢ira prochaze-
jici stfedem kazety vertigrafu odpovida
kolmici nad stfedem mezi patami, pacient
se oprfe zady o vertigraf. Pacient zadrzi
dech. ProtoZe drZeni téla je, jak tvrdi napfi-
klad Gutmann (1978), pro kazdého charak-
teristické a je také velmi konstantni, lze
snimky provedené i po delsim casovém
odstupu dobfe srovnavat (4). Rostouci

pacient se skoli6zou je rentgenovan i néko-
likrat ro¢né, takze pfipadnou ,neobvyklou®
rotaci trupu lze porovnat s predchozimi
snimKy.

V klinické praxi je hodnoceni rotace
¢asto opomijeno, ackoliv mad vyznam v diag-
nostice, terapii i prognoze skoliozy.
2D zobrazeni na RTG snimku nedokize
plné kvantifikovat prostorovou deformitu.
Trojrozmérné zobrazeni deformity trupu
pak nabizi neinvazivni optické metody
napf. stinovd moiré topografie, kde je
rotace kvantifikovana z asymetrie (promi-
nence) paravertebrilnich vala.

ZAVER

Metoda umoziuje jednoduché zjisténi
postaveni obratle v transverzalni roviné
pomoci zméfené hodnoty s z RTG snimku
v AP projekci (frontdlni rovina). Nedilnou
soucasti je vyuziti prumérnych hodnot
rozmért hrudnich obratli. Pomoci této
metody lze hodnoceni rotace podle Nashe
a Moa (stupné 0-4) prevést na thlové jed-
notky.

Zjisténé udaje mohou rozsifit diagnos-
tiku skoliézy. Lze napfiklad porovnat
velikost rotace se zménami ve frontdlni
a sagitalni rovin€ (Cobb), porovnat misto
maximalni rotace s mistem tzv. vrcholo-
vého obratle, zjistit, zda zmény v trans-
verzalni roviné (rotace) jsou umérné
zménam v jinych rovinach, sledovat zmény
v case, zjistit korelaci rotace obratle s asy-
metrii paravertebralnich vall, urc¢it kom-
penzaci skoliozy apod.

Metoda je vyuzitelna v klinické praxi,
protoZze vypocet neni slozZity a casové
vySetfujictho pfiliS nezatizi. Vypocet lze
provadét napifiklad v Excelu, jehoz pro-
strednictvim lze rychle zjistit hledany thel
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rotace. Nutny je RTG snimek, ktery se stan-
dardné zhotovuje pro hodnoceni skoliozy
podle Cobba, a proto pacient neni vystaven
dalsi radia¢ni zatézi.

Detekce a hodnoceni rotace muze
poskytnout komplexnéjsi popis individual-
ni deformity axialniho systému. V budouc-
nu lze oc¢ekavat digitalizaci obrazu, hodno-
ceni a automatické zpracovani dat z RTG
snimku.

Planujeme daldi experimenty, kterymi
chceme zlepsit presnost metody a elimino-
vat pfipadné chyby.
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PUVODNI PRACE e ORIGINAL PAPERS

DYNAMIKA RIDNUTI KORTIKALIS
DYNAMICS OF BONE THINNING

PETRTYL M., DANESOVA J.

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

SOUHRN

PredloZena price je zaméfena na exaktni analyzy procesu fidnuti kortikalis. Rychlosti
biochemickych reakci pfi procesech jejiho fidnuti jsou ovliviioviny nejenom chemickymi
a genetickymi ucinky, ale i uc¢inky mechanickymi (biomechanickymi). Procesy fidnuti kosti
zaviseji na objemovych zméndch molekuldarnich smési (pfislusné biochemické reakce) a na
zménach napéti (deformaci) v jejim elementu. Zménou napéti Dp lze proces fidnuti ve tkani
retardovat. Jestlize zmeény mechanickébo napéti v kosti jsou kladné dochdzi k akceleraci
Jejiho boustnuti a k retardaci jejibo ridnuti.

Aplikace l€ka (retardujicich nebo zcela zastavujicich fidnuti tkin€ bude efektivni jen
tehdy, kdyZ kostni tkafi bude mechanicky namihina (dynamicky zatéZovana). Podobn¢ za-
staveni fidnuti kostni tkdné aplikovanim 1€k, 1ze efektivné nahradit jejim mechanickym
dynamickym namihdnim (aktivnim pohybem s optimalni zatézi). Dynamické zatéZovani
kostni tkané (jako nedilna slozka harmonického pohybu) je nezastupitelnym faktorem (ini-
ciatorem a vlivem) podmifiujicim remodelaci kostni tkané.

Klic¢ova slova: biomechanika, biochemie, fidnuti kosti, regulitory fidnuti, rychlost fid-
nuti, zmény napéti, objemové zmény, retardace fidnuti kosti, akcelerace
fidnuti kosti.

SUMMARY

Limit cycles of bone remodelling are regulated biomechanically and biochemically
(genetically). The speeds of biochemical reactions (i.e. the speeds of intense metabolic
processes) depend on the volume changes of molecular mixtures and on the stress changes
in a bone element. Processes of density depend on both the dominant volume changes of
molecular mixtures and stress changes. The resultant speed of the j-! biochemical reaction,
which forms part of biochemical (metabolic) processes in the bone tissue (in the remodel-
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ling limit cycle) is dependent on the product of speeds of the biochemical reaction initiat-
ed biochemically (resp. genetically) and on the speeds of chemical reaction initiated bio-
mechanically. The j™ biochemical reaction is influenced by the internal - primary chemi-
cal (genetical) effects and the external - biomechanical effects, i.e. stress changes Ap. The
density of bone can be increasing when the stress changes in bone have the positive
signum.

If a skeleton is loaded insufficiently (i.e. if the exercise/movement is minimal or none),
the external application of chemical substances (for example medicaments, hormones,
etc.) whose aim has been to initiate thickening of the tissue will be completely ineffective.
If the exercise is insufficient, the expected thickening will be retarded and reduced. The
application of medicaments supporting the bone tissue thickening is effective only in cases
of dynamic loading (dynamic stress) of a skeleton (or its examined location).

Key words: biomechanics, biochemics, thinning of bone, bone regulators, speed of

bone density, stress/strain changes, volume changes

1. UVOD

Remodela¢ni procesy v Kortikalis
probihaji v limitnich cyklech stfidinim
intenzivnich biochemickych reakci se slabé
staciondrnimi stavy (1), (2). Existence slabé
stacionarnich stava je podminkou nasled-
nych intenzivnich metabolickych procest
(biochemickych reakci) a naopak.

Béhem biochemickych reakci dochiazi
v uvaZzovaném objemovém mikro/nanoele-
mentu kosti ke zménam koncentraci
molekularnich smési. Tyto zmény koncen-
traci jsou dusledkem komplexnich meta-
bolickych procesu, které jsou ovlivnény
zménami exprese genti (1j. v pripadech,
kdy se uplatiiuje genomovy mechaniz-
mus) nebo jsou diisledkem zmén proteinti
(tj. zmén jejich funkci uvniti buriky), a to
bez vlivu genii.

Kromé téchto dvou fundamentilnich
procesu (bez vlivu genu a s vlivem gent),
existuje velmi dualezity primdrni vliv me-
chanicky/biomechanicky. Klein-Nulend,
E. Burger dokazali (3), Ze pfi mechanicky
iniciovaném toku extracelularni tekutiny

v lakunach osteocytt, dochazi ke stimulaci
osteoreceptoru (integrinu o, ) a nasledné
k produkci prostaglandinu PG2, ktery pfi-
spiva k resorpci kortikalis.

Souhrnné feceno, biochemické reakce
mohou byt ovlivnény: a) chemickymi
ucinky (bez genetickych vlivii), b) chemic-
kymi ticinky u nichz se uplatiiuje geno-
movy mechanizmus, ¢) biomechanicky.

Role biomechanickych ucinka pfi meta-
bolickych procesech v kortikalis byla dosud
zkoumdna a ovéfovina velmi sporadicky.
Nejsou exaktné popsiny rychlosti metabol-
ickych procest houstnuti nebo fidnuti kosti
v zavislosti na objemovych zménich mole-
kularnich smési (verifikovaného elementu
tkan€) a neni znama role vlivu zmén napéti
ve tkani pfi jejim houstnuti nebo fidnuti.

Tato price je zaméfena na analyzu
dynamiky metabolickych procest tidnuti
kortikalis. Cilem je formulovat funda-
mentalni axiomy, tykajici se vlivu me-
chanického/biomechanického namaha-
ni na akceleraci/retardaci fidnuti kosti.
Prace je zaméfena i na racionalni vyuziti pre-
sentovanych zavéra v klinické praxi.
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Pozastavme se nejdfive a ve stru¢nosti
u nékterych hlavnich regulitorti vlastnosti
a struktur kosti. Genové reguldtory jsou
dulezité pro tvorbu tkdni, na pfiklad pro jeji
mineralizaci (4). Geny jsou citlivé na speci-
fické hormony (5). Na priklad parathormon
je hormonilnim peptidem, ktery reguluje
bunéc¢ny metabolismus v Kosti, snizuje kola-
genni syntézu (osteoid) a naopak zvySuje
osteokalcinovou genovou expresi (6). PTH
v Kosti stimuluje mnohondsobné bunéc¢né
signaly (6) a reguluje kalciovou homeostazu
v séru (8). Hormony iniciuji genovou aktiv-
itu a prostfednictvim genu ovliviiuji (sekun-
darné reguluji) biochemické procesy v kosti.

Jinym pfikladem je genova regulace
kostniho sialoproteinu (BSP), ktera je
dulezita pro diferenciaci osteoblast(i a pro
mineralizaci osteoidu (9). BSP je (spolu
s osteopontinem OSP) hlavnim proteinem
kostni matrice (4). BSP je regulovan hor-
mondlnim peptidem (PTH, viz vySe)
pomoci genového mechanizmu (10). Je
produkovan osteoblasty, béhem mineral-
izace osteoidu (4) a je prominentni kompo-
nentou, pri formaci kosti (11), (12), (13),
(14). Sialoprotein ma funkci nejenom regu-
la¢ni, ale i morfologickou (10).

Hormondlni regulace sehrava dulezi-
tou roli i pfi produkci osteopontinu (OSP).
Osteopontin je fosforecny mimobunécny
protein (nalezajici se v matrici kosti) (15).
Vznika v kostni matrici pfi jeji mineralizaci
z transformovanych bunék (13), (14), (4).
Spolu s kostnim sialoproteinem (BSP) je
jejim dominantnim proteinem.

Mineralizace osteoidu je regulovana téz
D-vitaminem [1.25—(OH)2D5], (16). Vitamin
D moduluje a fidi uvoliiovani kalciovych
iontd bunikami do mineralizované tkané
16),a7).

Velmi vyznamnou roli pfi rekonstrukci
kosti (jeji regenerace) sehrivaji riistové fak-

tory. Rustové faktory, spolu s kalciovou
Jfosfatdzou, akceleruji regeneraci tkané (18).

Vyse uvedené biochemické (metabo-
lické) procesy v kosti byly vétsinou sle-
dovany bez zohlednéni biomechanickych
vliva, které sehravaji zcela neopominutel-
nou roli pfi houstnuti a fidnuti kosti. A pravé
na tyto vlivy je tato priace zaméfena.

Pri analysdch zmén hbustoty je treba
velmi diisledné rozliSovat rvidnuti ve
tkdni a vidnuti tkdané. Pri zméndch hus-
tot ve tkdni jsou sledovdny vzdy jen jisté
komponenty (j-té biochemické reakce),
zatimco pri analysdch hustoty tkRdné je
thdn posuzovdna z globdlnibo (celkove-
ho) pobledu.

Procesy fidnuti (resorpce) kortikalis
jsou popsany dvéma fundamentalnimi ste-
chiometrickymi rovnicemi (1), (2):

D, +D,=D;+ D, (1]
D, + Dy = Dy (2]

, je smés (substance) latek iniciujicich fusi
mononukledrnich bun€k na osteoklasty,

, jsou mononukledrni buiiky a jimi produkova-
né enzymy,

D jsou populace osteoklastil vzniklé fusi z mo-

nonuklearnich bunék,

D, je odpadovy substrat, ktery je produktem
biochemickych reakci pfi fusi mononuk-
learnich buné€k na osteoklasty,

5 je ,stard® mineralizovana kostni tkan, tj. tkan
ktera vznikla v predchozim remodela¢nim
cyklu,

D¢ jsou zbytné produkty aktivity osteoklastd
s tkani, vzniklé degradaci organické a anor-
ganické slozky kostni tkan€.

Pro rychlost biochemickych procest
(dle stechiometrické rovnice [1] a [2]) je
rozhodujici objemova zména n, osteoklas-
ti a zmény napéti Ap = p — p,, viz dile (do-
minantné€ iniciované dynamickym zatéZova-
nim tkan€). Objemova zména 1, osteoklast
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je pro prubéh téchto reakci dominantni
komponentou.

2. RYCHLOSTI BIOCHEMIC-
KYCH PROCESU

Rychlosti  jednotlivych  bioche-
mickych reakci dle rovnic [1] a [2] jsou
vyrazné zavislé na objemovych zménich
dominantnich komponent (reaktantech,
molekularnich smésich) a na zménich
napéti. Pro prvni reakci [1], jak bylo vySe
uvedeno, je rozhodujici (kromé zmén
napé€ti) objemovd uména osteoklasti n;,
Tyto zavislosti jsou ndstrojem pro exakitni
analyzy procesit Fidnuti v kostni tkdni.
Duisledkem téchto dilcich procesit (1.
souboru biochemickych reakci [1] a [2])
je celkové ridnuti kostni tkdné, v globdl-
nim pobledu.

Globalni fidnuti kostni tkané (v in-
tegralnim, celkovém pohledu na tkan) je
posloupnost (fetézec) biomechanochemic-
kych procestt (tj. biochemickych reakci
a stacionarnich stavl), jejichz vysledkem je
zmenseni bustoty kostni tkdné (ve sledo-
vaném jejim elementu).

Proces 7idnuti kostni tkdné (v jejim
objemovém elementu) je charakteristicky
tim, Ze hmotnostni jednotka této tkané (na
priklad 1 g nebo 1 mg) zaujme vétsi objem
nez méla na pocatku fidnuti. To znamena, Ze
doslo k ubytku kostni tkdné, tj. zmensila
se jeji bustota, tzn., Ze vyslednd objemovd
zména kostni tkané je vétsi jak nula.

Rychlosti biochemickych reakci jsou
ovlivilovany nejenom chemickymi a gene-
tickymi uc¢inky, ale i #i¢inky mechanicky-
mi (biomechanickymi). Obecné feceno,
rychlost kj (j-t€ biochemické reakce) je
funkci jak objemovych zmén n; sle-
dovanych reaktantnich slozek molekularni

smési tkan¢, tak i zmén napéti Ap = p - p,,
kde p, je napéti v elementu kostni tkané
za stacionarniho stavu.

Pro rychlost jté biochemické reakce
remodelované kostni tkdné plati obecné
exponencidlni rovnice, viz. (1), (2), (19),
0),21):

ki =A e AP )

kde Ap jsouzmény napéti v elementu
kostni tkané k nimz dochazi:
kde
Ap jsou zmény napéti v elementu kostni tkané

k nimZ dochazi,

a) vlivem primdrnich mechanickych
tcinkun (zmén tenzorti napéti/deforma-
ce, na priklad pfi chuzi);

b) vlivem primdrnich nebo sekunddr-
nich chemickych wcinks (na piiklad
pfi aplikaci 1€kt nebo zménami proteint
v buiikich pfi funk¢ni absenci genomo-
vého mechanizmu);

o) vlivem exprese genii v dusledku ,za-
pojeni“ genomovém mechanizmu;

n; jsou objemové zmény sledovanych
reaktantnich sloZek v elementu kostni
tkdné vzniklych iicinkem:

a) chemickych ldtek (které jsou pri-
mdrné iniciovdny mechanickRymi
#cinky), a které vyvolavaji objemové
zmény 1. sledovanych reaktantnich
slozek (na pfiklad smykovym tokem
extracelularni tekutiny v lakunach osteo-
cyt);
chemickych ldtek, transformovanych
v buiikdch pii ,vypnutém” genomo-
vém mechanizmu, které primirné (nebo
sekundarn€) vyvolavaji objemové zmény
Nichp sledovanych reaktantnich slozek;

¢©) chemickych ldtek (vzniklych v sou-
Cinnosti s genomovym mechaniz-
mem), vyvolivajici objemové zmény
Nichg Sledovanych reaktantnich slozek;

A, je soucinitel zivisly na hodnoté rovnovaz-
ného stavu tkané.

b

N~
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Pro celkovou (vyslednou) objemovou
zménu 1), sledovanych reaktantnich slozek
(j-té biochemické reakce) a za pfedpokladu
platnosti principu superpozice muZeme
psat:

ni = njm + njchp + 1,]jchg (4]

Sloucenim objemovych zmén Nichp od
primarnich chemickych ucinka (bez
soucinnosti s genomovym mechanizmem)
s objemovymi zménami Nichg (od chemic-
kych ucinka iniciovanych v soucinnosti
s genomovym mechanizmem) v celkové
objemové zmény od chemickych ucinkd,
dostaneme:

N = Njm + Mjen 5]

Rovnici [3] lze pomoci rovnice [5]
upravit takto:

kj = Ai e~ Mjm + NjcAp [6]

Z rovnice [6) je zfejmé, Ze rychlost j-té
biochemické reakce pifi remodelaci kostni
tkdn€ je ovliviiovana zménami napéti
Ap a objemovymi zménami M= Mim + Njen:

Vzhledem k tomu, Ze rychlost j-té bio-
chemické reakce je funkci objemovych
zmeén Ny O chemickych iicinkii a obje-
movych zmeén m \jm O chemickych tcinkii
primdrné iniciovanych mechanickymi
vlivy, je tifeba wurdit, jaky vliv na
rychlost j-té€ biochemické reakce maji
chemické latky (primarné iniciované
chemicky, piipadné geneticky) a jaky
vliv na rychlost j-té biochemické
reakce maji chemické latky (vznikajici
primarné mechanickymi acinky).

Se zfetelem k podrobnym analyzam
raznych vliva (0¢ink) na rychlosti bio-

chemickych reakci vyjdeme z rovnice [6],
kterou lze upravit na tvar:

k]. = Ai eNjchAp e-NjmAp [7]

Oznacime-li

e MjchAP = Kieh 8]
a
e‘ﬂijp = k]m 9]

dostaneme pro rychlost j-té biochemic-
ké reakce j =1,2,3):

k]. =Ai k.

jch kjm [10]

Z rovnice [10] je zfejmé, Ze rychlost j-
té biochemické reakce je umérna
soucinu rychlosti k,, od ucinku
primairné’i chemickych a rychlosti k].m
od udinka primarné mechanickych.

Cilem ndsledujicich analyz je determi-
novat, jak vyslednd rychlost k; (-té bio-
chemické reakce v remodelované tkdni)
zdvisi na velikosti rychlosti R ovlivnéné
primdrné chemicky a na velikosti rych-
losti k, ovlivnéné primdrné mechanicky
(1j. sekunddrné chemicky).

Vztah mezi kjch a kjm muzeme urcit
z jejich poméru podle (8) a (9):

. -NjchAp
Xjch _ € [11]
Kim e-NjmAp
Z rovnice [11] dostavame, Ze
kjch = e~ Mjch - Njm)Ap k]m [12]

Vztah mezi kich a kjm je modelovin
exponencidlni funkci.
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V kostni tkdni bébem jeji remodelace
mobou (v priubébu kazZdé jté bioche-
mické reakce) nastat dva fundamentdlni
pripady dominance rychlosti, a to domi-
nance rychlosti kjch (tj. dominance
rychlosti od chemickych tcinkii) nebo
dominance rychlosti k,, (tj. dominance
rychlosti od mechanickych ticinkii).

ProtoZe objemové zmény Nich od
primarnich chemickych acinki a obje-
mové zmény 1 jm od primarnich mecha-
nickych ucinkua jsou mimo stacionarni
stavy v nerovnovaze, je v rovnici [12]
vzdy jedna z bodnot objemovych zmén
rddové vyssi nez hodnota drubé objemové
zmény (tzn. Nich << MNjm nebo Nich >> Njpy)-

Z rovnice [12] je zfejmé, Ze rovnost
mezi rychlosti ki «n (0d chemickych ucinkin)
a rychlosti kjm (od mechanickych ucinkt)
nastane, kdyz m ich = Mjm @ nebo kdyz Ap =0
(. p = p.). Absolutni stacionirni stav
(,zmrtveni tkiné€) vznika tehdy, kdyz zmény
napéti jsou nulové (4j. Ap = 0, . p = p). Pak
rychlost biochemické reakce k]. o od
chemickych ucinka se rovna rychlosti kjm
od mechanickych ucinku, tj. kj @ = k].m.

Signum vysledné objemové zmény
N = Mjm * Nich sledovanych reaktant-
nich sloZek definuje (charakterizuje)
fidnuti molekularni smési pri j-té bio-
chemické reakci. Ridnuti ve tkini nastiva
tehdy, kdyz celkova objemova zména 1 i ,sle-
dované reaktantni slozky je kladna (1r]j > 0),
tj. kdyz dochazi ke zvétseni objemu (hmot-
nostni jednotky uvaZované komponenty).
Jinymi slovy, #*idnuti nastane, kdyZ obje-
mové zmény m; jsou kladné (tj. hmot-
nostni jednotka uvazované komponenty
zaujme vEtsi objem).

Proces vidnuti ve tkdni zdvisi neje-
nom na dominanci objemovych zmén,
ale i na zméndch napéti v elementu
kostni tkdné. Zménou napéti Ap lze

proces houstnuti nebo fidnuti ve tkani
urychlit nebo zpomalit. Timto problé-
mem se budeme zabyvat v nasledujicich
odstavcich.

3. PODMINKY RIDNUTI
V KOSTNI TKANI

K fidnuti tkanové hmoty (pfi j-té bio-
chemické reakci remodelace kostni tkan€)
dochazi, kdyz vyslednd objemovd zména
sledované tkanové substance (tj. sledované
reaktantni slozky) je kladna (tzn., Ze
dochazi ke zvétSeni objemu hmotnostni
jednotky uvazované komponety):

M = Njy + MNjepy >> 0 [13]

To muiZe byt vyvolano bud:

(1) objemovymi zménami: Mjcy, << 0
(od primarnich chemickych ucinki),

nebo

(2) objemovymi zménami: My >> 0
(od primarnich mechanickych
ucink).

Pozn.: V této souvislosti je tfeba znovu
zduraznit, Ze znaménko prevazujici obje-
mové zmény sledovanych reaktantnich
komponent predurci, zda bude probibat
ridnuti nebo houstnuti tkdnové sub-
stance.

Vzhledem k tomu, Ze mimo stacionarni
stavy jsou objemové zmény hhhjch a jm
v nerovnovaze je v pripadé€ [1]:

Mien [ > [ [14]

a v pripadé (2):

M| < My | [15]
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Prubéh fidnuti tkanové substance pfi
j-té biochemické reakci, vyvolany obje-
movymi zménami njch >> 0 nebo T]jm >>0
je regulovian zménami napéti Ap = p - p,
(v elementu kostni tkané). Vyse uvedené
dva prfipady [1] a [2] se zfetelem ke
zménam nap€ti Ap = p - p, budeme dile
podrobné analyzovat.

3.1 Iniciace Fidnuti tkanové substance
objemovymi zménami 1,
od primarnich chemickych acinku

Uvazujme pfipad, kdy pfi j-té bio-
chemické reakci remodelace kostni tkiné
jsou objemové zmény sledovanych reak-
tantnich slozek od primarnich chemickych

ucinktt mnohem vétsi nez nula, tj.:
n ich >> 0 [16]

a soucasné€ uvazujeme, Ze tkanova sub-
stance je v nestacionarnim stavu,

. |njch| > |"r]jm|.

Potom celkovd objemova zména sledo-
vanych reaktantnich komponent je:

N = MNim + Micn >0 [17]
a také
Nich ~ Nim > 0 [18]

Vysledna rychlost ki G=1,3,4,5) jté
biochemické reakce dle [7] a [10] je:

5= 4 Kien Km =

= Aj e-Mjm + NjcAp [19]

Vlastni prab¢h fidnuti tkdfiové sub-
stance je ,urcovan“ zménou napé€ti
Ap = p - p,. Vysledna rychlost jté reakce
dle rovnice [19] je ovlivnhéna znaménky
zmén napéti Ap = p - p,.

3.1.1 Vliv zapornych zmén napéti

Jestlize zmény napéti budou zdporné, tj.
Ap <0, . p < p, , potom rychlost j-té bio-
chemické reakce biochemické reakce od
chemickych ucinka bude vyrazné vétsi nez
je rychlost od mechanickych ucinka (dle
rovnice [12] a [18]), tj. k].Ch >> kjm ,rychlost
kjm (od primarnich mechanickych acinki)
neovlivni rychlost k., (od primérnich
chemickych ucinkt). Dusledek je ten, Ze
vyslednd rychlost kj ridnuti ve tkani,
nastartovand primdrni objemovou
zménou ., >> 0, bude p¥i poklesu
napéti p (vzhledem k p_, tj. pfi Ap < 0)
intenzivnéji nartstat, dle vztahu [12] a [17],
(obr. 1). Poklesem zatiZeni bude vid-
nuti v Rostni tkdni urychlovdno.

ki

|

|

|

|
_ —(jm +Mjen) AP

|

|

|

T
P <pe pe P> pe P
Ap=p-pe<0 Ap=0 Ap=p-pe>0

Obr. 1 Prabéh funkce vysledné rychlosti ki jté
biochemické reakce je umérny exponencidlni
funkci e Mjch + MimAPV tomto piipadé je funkce
ki rostouci. Ridnuti v kostni tkini je akce-
lerovano poklesem napéti p (vzhledem k p,
tj. pi Ap < 0).
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3.1.2. Vliv kladnych zmén napéti

Jestlize zmény napéti budou kladné, tj.
Ap > 0, tj. p > p. , potom rychlost j-té bio-
chemické reakce od chemickych ucinka
bude vyrazné¢ mensi neZ je rychlost od
mechanickych ucinkt (dle rovnice [12]
a [18]), tj. k].Ch << kjm, a rychlost kjCh bude
tlumena (retardovina) rychlosti kjm (pri-
marné ovlivnénou mechanicky). Z toho
plyne, Ze vyslednd rychlost kj ridnuti ve
tkdni, vyvolané primdrni objemovou
zménou MNie, >> 0 od chemickych icin-
kui, bude pii ndristu napéti p (vzhle-
dem k p, tj. pti Ap > 0) klesat (dle rovnice
[12] a [18], viz obr. 2). Ubytkem sledova-
nych chemickych litek (komponent),
vstupujicich do biochemické reakce, za
pfedpokladu, Ze Ap > 0, tj. p > p,,, dochazi
ke zpomaleni, pfipadné k zastaveni fidnuti
v kostni tkdni.

ki

|

|

|

|

— —jm +7jcn) AP

I kj=Ae

|

:\

1

' P
p < pe pe P > pe
Ap=p—pe<0 Ap=0 Ap=p—pe>0

Obr. 2. Prubéh funkce vysledné rychlosti kj bio-
chemické reakce je umérny exponencidlni
funkci e"®Mjeh + NimAP Y tomto piipadé je funkce kj
klesajici. Ridnuti v kostni tkani, zptisobené tbyt-
kem chemickych latek (na pfiklad ubytkem hor-
mon), se zatéZovanim (pohybem) (tj. zménami
napéti p (vzhledem k p,, tj. pfi Ap > 0, resp.
p > p,) retarduje, piipadné zastavuje.

3.2. Iniciace fidnuti tkanové substance
objemovymi zménami n,
od primarnich mechanickych
udinku

Stejné jako houstnuti, mize i fidnuti ve
tkani byt iniciovino objemovou zménou
Nim od primarnich mechanickych ucinku.
UvaZujme, Ze objemové zmény Mjm >> 0,
a Ze tkan je v nestaciondrnim stavu, ve stavu
velké nerovnovahy, tj. kdy Injchl << Injml.
Potom celkova objemova zména

N; = Miy + Nicy >0 [20]
njch - lem < 0 [21]

Vlastni prubéh fidnuti ve tkani pfi j-té
biochemické reakci, iniciované objemovou
zménou Nim od primarnich mechanickych
ucinkt, je opét regulovano (fizeno) zména-
mi napéti Ap = p - p. (v elementu kostni
tkané).

3.2.1. Vliv zapornych zmén napéti

Jestlize Ap < 0, tj. p < p,, potom dle
vztahu [12] a [21] je rychlost k].Ch << kjm.
Zarovenl vysledna rychlost k]., j-té bio-
chemické reakce se zvétsi. Dusledkem je
skutecnost, ze ¥idnuti ve tkdni nastarto-
vané objemovymi zménami MNim od
primdrnich mechanickych iicinku
bude pii poklesu napéti p (vzhledem
k p., 4. pfi Ap < 0, resp. p < p,) intenzivnéji
pokracovat. Vysledna rychlost kj biochemic-
ké reakce se zvétSuje, obr. 3.
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Obr. 3. Prubéh funkce vysledné rychlosti kj jté
biochemické reakce je umérny exponenciilni
funkci e Oich + imAP_ V tomto piipadé je funkce
k; rostouci. Zmensovanim mechanického zati-
Zeni p (4. pro Ap < 0, resp. p < p,) se Fidnuti
v kosti urychluje.

3.2.2. Vliv kladnych zmén napéti

Jestlize Ap > 0, tj. p > p,, potom dle
vztaht [12] a [21] je rychlost k].Ch >> kim,
tedy rychlost k, | bude tlumena (retardova-
na) rychlosti ki n & rovnez vysledna rychlost
k. fidnuti v kostni tkani (j-té biochemické
reakce) bude klesat, dle vztaht [19] a [20].
Dusledkem je, Ze vysledna rychlost kj vid-
nuti ve tkdani nastartované objemovy-
mi zménami Ny >> 0 od primdrnich
mechanickych 1iicinkii, se bude pri
riistu napéti p (tj. pti Ap > 0,resp.p > p.),
retardovat (obr. 4), tj. proces fidnuti
v kostni tkdni se bude tlumit.

Obr. 4. Pribéh funkce vysledné rychlosti kj bio-
chemické reakce je umérny exponencidlni
funkci e Mjeh + imAP_ V tomto piipadé je funkce
ki klesajici. Je zfejmé, Ze nutnou podminkou
pro zastaveni nebo zpomaleni fidnuti v kostni
tkani je jeji zatéZovani.

4. ZAVERY
4.1. Principy fidnuti v kosti

() Rychlost fidnuti ve tkani (pfi j-té bio-
chemické reakci), nastartované objemo-
vou zménou 1., >> 0 (od primédrnich
chemickych ucinkt) nebo N >> 0 (od
primdrnich mechanickych ucink®) je
exponencialni funkci zmén napéti
Ap = p - p, ve sledovaném elementu
kostni tkané.

() Ridnuti ve tkani bude pri poklesu
napéti (zatiZzeni) Ap < 0 akcelero-
vano (zintenzivnéno), a to jak pfi ini-
ciaci fidnuti objemovymi zménami 1 ich
(od primarnich chemickych ucinku),
tak i pfi iniciaci fidnuti od objemovych
zmén Nim (od primarnich mechanic-
kych ucinku).

(o) Pfi malém (omezeném) pohybu (resp.
pfi nedostate¢ném zatézovani tkané, tj.
pfi Ap < 0, tj. p < p.) bude Fidnuti ve
tkani akcelerovano.
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(d) Pii aktivnim pohybu (resp. pii zatéZo-
vani tkané, tj. Ap > 0 ,resp. p > p.) bude
fidnuti ve tkani retardovano — tlu-
meno.

AXIOM 1.

(o akceleraci fidnuti kosti):

Jestlize zmény mechanického napéti
v kosti jsou zaporn€ (Ap < 0, tj. p < pp),

bude nasledné dochazet k akceleraci jeji-
ho fidnuti.

AXIOM III.

(o retardaci fidnuti kosti):

Jestlize zmény mechanického napéti
v kosti jsou kladné (Dp < 0, tj. p < pp),
bude nisledné dochazet k retardaci
jejiho fidnuti.

4.2. Zavéry pro klinickou praxi

Z ptredchozich analyz jsou zfejmé nisle-

praxi:

I.  Aplikace 1€kt (retardujicich nebo zcela
zastavujicich fidnuti tkané bude efek-
tivni jen tehdy, kdyZ kostni tkan bude
mechanicky namahina (dynamicky
zatéZovana).

II. Podobné zastaveni fidnuti kostni tkané
aplikovanim 1€k, lze nahradit jejim
mechanickym dynamickym namahanim
(aktivnim pohybem s optimalni zatézi).

III. Dynamické zatéZovani kostni tkané
(jako nedilna slozka harmonického
pohybu) je nezastupitelnym faktorem
(iniciatorem a vlivem) podminujicim
remodelaci kostni tkan€.

IV. Dynamickym zatéZovanim lidského
skeletu je zintenzivnén ucinek chemic-
kych latek (1ékti, hormont), potfebnych
pro tlumeni fidnuti kostni. Zmény
mechanického namihini kostni tkané
mohou, pfi nedostupnosti 1€kt, tyto
léky nahradit. Zmény napéti ve tkani,
primirné iniciované pohybem (resp.
pretvofenim tkdn€) mohou druhotné
vyvolat vznik chemickych latek, které
pfispivaji k retardaci fidnuti kosti.

Podékouvdni: predloZend prdce vznikla
za podpory grantu GACR ¢ 106/03/0464
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SUMMARY

Purpose of the study: Development and application of new materials for artificial sub-
stitutions of skeletal elements is addressed to materials which have similar mechanical fea-
tures to biomechanical characteristics of organic tissues and are well tolerated by biologi-
cal milieu. These requirements are fulfilled by the cyclo-olefin copolymer (COC). In our
study we monitored the biotoleration of this material in vitro.

Material: Three types of materials were tested in vitro: COC, high density polyethylene
(HDPE) and COC/HDPE (1/1) blend. Tested polymers are commercially available. Amor-
phous ethylene-norbornene copolymer (COC) Topas 8007S, extrusion grade of HDPE Liten
BB29 and their blend prepared by melt mixing were used.

Methods: Spontaneous proliferation of synovial fibroblasts was investigated by estab-
lishing of growth curves.The cell adhesion was tested by labeling of cells with 5'-bromo-2'-
deoxy-uridine (BrdU). Programmed cell death was investigated by quantification of active
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caspase-3 by ELISA. The production of inflammatory cytokines (TNF-o, IL-8) and of stress
protein (Hsp60) in cell culture medium and/or in cells directly was measured by ELISA
method.

Results: Proliferation of synovial fibroblasts was faster on the material COC with gen-
eration time 171£25 h than on COC/HDPE (267%35 h) or HDPE (267%28 h). On control
material the generation time was 126%21 h. The adhesion of synovial fibroblasts to tested
materials was after 12 h stronger to COC than to HDPE and/or COC/HDPE and similar to
control material. Synovial fibroblasts grown on tested materials did not produce enhanced
levels of active caspase-3, suggesting that none from the tested materials is toxic for synovial
fibroblasts. The lowest production of TNFa, IL1- and IL-8 was monitored in cell cultures
grown on COC and control material. Similar results were obtained when expression of
Hsp60 was measured. The production of IL1-3 was normal in all tested cell cultures.

Conclusion: All above mentioned tests in vitro showed very good biotoleration of all
tested materials. Furthermore, the COC material was even better tolerated than others.
>From performed experiments we conclude that cyclo-olefin copolymer is a material very
well tolerated by synovial fibroblasts in vitro.

Key words: biotoleration, biomaterials, cyclo-olefin copolymer

SOUHRN

Zamér studie: Vyvoj a aplikace novych materialt pro umé€lé nihrady skeletirnich ele-
mentt je zaméfen na materidly, které maji podobné mechanické vlastnosti jako biomechan-
ické charakteristiky organickych tkani a jsou tolerovany biologickym prostfedim. Tyto pfed-
poklady spliiuje cykloolefinicky kopolymer (COC).V nasi studii jsme zkoumali biotoleranci
tohoto materidlu in vitro.

Material: In vitro byly testovany tfi druhy materiala: COC, vysokohustotni polyethylen
(HDPE) a smés COC/HDPE (1/1). Testované polymery jsou komeréné dostupné. Pouzit byl
amorfni kopolymer ethylen-norbornen (COC) Topas 8007S, vytlacovaci typ HDPE Liten
BB29 a jejich smés pfipravena michianim v taveniné.

Metody: Spontinni proliferace synovialnich fibroblastt byla ur¢ena metodou stanoveni
rastovych kfivek. Adheze bunék byla testovana barvenim bunék 5'-bromo-2'-deoxy-uridi-
nem (BrdU). Programovana bunécnd smrt byla zjiStoviana kvantifikaci aktivani kaspazy-3
v bunikiach metodou ELISA. Produkce zanétlivych cytokint (TNF-a, IL-8 a IL1-}) a stresového
proteinu (Hsp60) v bunééném médiu a/nebo piimo v bufikach byla méfena metodou ELISA.

Vysledky: Proliferace synovidlnich fibroblastl byla na materialu COC rychlejsi (gener-
aéni ¢as 171%x25 hod.) neZ na smési COC/HDPE (267£35 hod.) nebo c¢istém HDPE
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(267%28 hod.). Na kontrolnim materidlu byl generacni ¢as 126+21 hod. Adheze sy-
novidlnich fibroblastu na testované matrialy byla po 12 hod silné€j$i k COC nez k HDPE nebo
smési COC/HDPE. Synovidlni fibroblasty péstované na testovanych materiidlech nevykazo-
valy zvySenou produkci aktivni kaspazy-3. Nejniz$i produkce TNF-o, IL-8 a Hsp60 byla
pozorovana v bunécnych kulturach péstovanych na materialu COC. Produkce IL1-B odpovi-

dala u vSech materialti normalnim hodnotam.

Zavér: Vsechny vySe zminované in vitro testy prokizaly velmi dobrou biotoleranci
vSech testovanych materialti. Material COC byl synovidlnimi fibroblasty tolerovan nejlépe.
Z toho vyvozujeme, Ze cykloolefinicky kopolymer je materidl, ktery je in vitro velmi dobfe

snaSeny synovialnimi fibroblasty.

Klicova slova: biotolerance, biomaterialy, cykloolefinicky kopolymer

UVOD

V poslednich desetiletich dochazi stile
vice k nartstu aplikaci umélych materialt
do lidského organismu. I kdyZ je z hlediska
biokompatibility nejvhodnéj$im materia-
lem material autologni, nelze prehlédnout,
Ze ve vétsim rozsahu nelze takovyto materidl
od téhoz jedince ziskat. Vyuziti tkani,
pochizejicich z jinych jedinct nebo ze zvi-
fat, je vzhledem k nezidoucim imunitnim
reakcim riskantni.

Velmi nadéjnymi nebiologickymi mate-
ridly jsou nckteré polymery, které jsou
tolerovany biologickym prostfedim a u kte-
rych za vhodnych podminek vznika a trvale
existuje bioadheze. Dobré postaveni ve
spektru biologicky tolerovanych materidlt
je ultravysokomolekulirni polyethylen
(UHMWPE). Tento polymer je uz vice nez
30 let vyuZivian jako material pro kompo-
nenty totdlnich kloubnich nahrad. Zatimco
biotolerance tohoto materidlu vyplyva
z vhodné kombinace chemického sloZeni
a molekularni struktury, jeho vyvaZeny
komplex fyzikdlné - mechanickych vlast-
nosti je dan pfedevsim jeho unikatni nad-
molekularni strukturou. UHWMPE pres své

nékteré vyjimecné vlastnosti nevyhovuje
jako matrice nimi zamysleného kompozit-
niho materialu, ur¢eného pro vyrobu
skeletarnich nahrad. Hlavni pfekazkou
vyuziti UHWMPE v této oblasti je jeho
nedostatecna mechanicka tuhost a obtizna
zpracovatelnost. Proto jsme zvolili takové
polymerni materidly, jejichZz velkou vyho-
dou z biomechanického hlediska je moz-
nost fizeni jejich vlastnosti. Vhodnych
materidlt, které umoziuji spojity prubéh
gradientu materidlovych vlastnosti (napft.
na pfechodu mezi kostni tkani a tuhym
implantitem) je znamo pomérné malo. Bio-
logické tolerovani nezivého materialu
materidlem Zivym zavisi nejenom na jejich
biomechanickych vlastnostech, ale i na
fyzikalné€ - chemickych interakcich na jejich
rozhrani. Tyto fyzikdlné - chemické vlastnos-
ti jako je stupen krystalizace, chemicka odol-
nost, ¢i pfitomnost specifickych chemickych
skupin vyznamné ovliviiuji proliferaci buné€k
a jejich diferenciaci (5, 12, 14).

Pfi vyvoji novych materidla pro implan-
taty musi byt kladen diraz na studium je-
jich mechanickych vlastnosti a biokompati-
bility pro ovéfeni, zda je jejich kompatibilita
a funkc¢nost vhodna pro aplikaci v biologic-
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kych systémech. To zahrnuje vyuZiti stan-
dardnich postupu, které vyuzivaji vSeobecné
biologické testy materialli v zavislosti na
jejich pozdéjsim vyuziti. Tyto testovaci pos-
tupy jsou uplatiiovany na materialy, které
jsou urcené pro pozdéjsi aplikaci u lidi.
Zkousky biokompatibility zahrnuji testy
materidlu jako takového nebo jeho extraktu,
nebo oboji. Laboratorni testy na bunéc¢nych
kulturach davaji rychlou informaci o cyto-
toxicité materialu (2, 4, 11).

MATERIAL A METODY:

COC

Pro matrici kompozitu byl zvolen
kopolymer ethylenu a norbornenu. Jedna se
o zcela novou tfidu polyolefinickych ter-
moplasta teprve nediavno uvedenou na trh
pod souhrnnym oznacenim cykloolefinické
kopolymery (COC). Tyto polymery se vyz-
nacuji vysokou mechanickou tuhosti, nizk-
ou deformaci pfi dlouhodobém napéti
a vysokou tvarovou stilosti za tepla, avSak
pomérné€ nizkou houzevnatosti.

Pro testovani byl vybrin polymer
TOPAS 8007S z produkce firmy Ticona
GmbH s obsahem 35 mol.% norbornenu
a hustoté 1,02 g.cm?.

HDPE

Jako vysokohustotni polyetylen byl
pouzit vytlacovaci typ Liten BB29
vyrabény firmou Chemopetrol a.s. s husto-
tou 0,955 g.cm?.
Smés COC/HDPE

Vhodnym modifikitorem COC se
ukazal byt HDPE. Jeho inkorporaci do cyk-

loolefinické matrice bylo dosazZeno
vyrazného zvySeni houZevnatosti smési za
soucasného udrzeni tuhosti v akceptovatel-
ném rozmezi. Smés byla pfipravena micha-
nim v taveniné pfi 190 °C, otackach hnéta-
ki 60 min."! po dobu 8 min. v laboratornim
hnétici WSOEHT plastografu Brabender
a nasledné zpracovana lisovanim na desky.

Bunécéné kultury

Bunécné kultury byly zaloZeny ze dvou
synovidlnich membran. Stru¢né, synovidlni
membrany byly mechanicky rozemlety,
extenzivné promyty ve sterilnim PBS a za
stdlého michani rozvoliiovany ve 150 mg/ml
Dispazy II (Boehringer Manheim, Praha,
Ceska Republika) po dobu 1 h pfi 37 “C.
Vysledna suspenze bunék byla nasazena do
lahvi na tkanové kultury a péstovana v Dul-
becco's modified Eagle's medium (Gibco
BRL Life Technologies, KRD, Praha, Ceska
Republika) obsahujicim 10% fetalni bovinni
sérum ve 37 “C v atmosfére s 5% CO,. Pro
nasledujici experimenty byly pouZity syn-

ovialni fibroblasty v pasazich 3-9.
Proliferace

Testovani proliferace bunék bylo prove-
deno v dupletech a vysledky z obou kultur
byly pramérovany. Na zacatku experimentu
bylo nasazeno 50 000/cm?. Buiiky byly pés-
tovany na testovanych materialech po dobu
1, 2,3, 4,5 a 6 dnt. Po trypsinizaci byly
buiikky pocitany na Biirknerovych komur-
kach, dale byly generovany rastové kfivky
a vypocten cas zdvojeni bunck.

Adheze bunék

Bunky byly nasazeny na testované mate-
ridly a péstovany po dobu 12, 24 a 48 hod.
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Poté byly po dobu 2 hod. inkubovany s 5-
Bromo-2'-deoxy-uridinem (BrdU) pfi 37 °C
a atmosfére 5% CO,. Poté byla adheze
meérfena metodou ELISA za pouziti soupravy
5-Bromo-2'-deoxy-uridine Labeling and
Detection Kit I (Roche, Praha, Ceska Repub-
lika) dle instrukci vyrobce. Tato metoda je
zaloZzena na inkorporaci bromodeoxyuri-
dinu (BrdU) do DNA buné¢k v S-fazi. Méreni
bylo provedeno na ELISA readeru SUNRISE
za pouziti filtru 450 nm. Zmérena absorban-
ce byla vztaZzena na pocet bunék v daném
experimentu. Testovani bylo provedeno
v dupletech a vysledky z obou kultur byly
pramérovany.

Méfeni apoptozy

Bunikky byly nasazeny na testované
materialy a péstovany po dobu 12, 24, 48
a 72 hod., kdy bylo odstranéno médium
a metodou ELISA byla sledovdna pfitom-
nost vyskytu proteinu aktivni kaspazy-3
v synovidlnich fibroblastech. Méfeni bylo
provedeno na ELISA readeru SUNRISE za
pouziti filtru 405 nm. Zméfena absorbance
byla vztazena na pocet bunék v daném
experimentu. Testoviani bylo provedeno
v dupletech a vysledky z obou kultur byly
pramérovany.

Méfeni produkce cytokinu

Stanoveni prozanétlivych cytokint
TNF-a, IL-1f a chemokinu IL-8 produko-
vanych bufikami rostoucimi na testovanych
materidlech bylo provedeno v bunécném
médiu vysoce senzitivni imuno-chemilu-
miniscen¢ni metodou systému IMMULITE
(DPC, Los Angeles, CA, USA) dle instrukci
vyrobce, ve tfech ¢asovych intervalech 24,
48 a 96 hod.

Méieni produkce Hsp60

Stanoveni produkce stresového pro-
teinu Hsp60 bufikami rostoucimi na testo-
vanych materidlech bylo provedeno v bu-
nééném médiu a v buikich samotnych
pomoci Hsp60 ELISA Kitu (Stressgen Biore-
agents, Praha, Ceska Republika) dle instruk-
ci vyrobce, ve dvou casovych intervalech
12 a 24 hod.

VYSLEDKY

Bunécna proliferace

Na materidlu COC proliferuji bunky
nejrychleji (generacni ¢as 17125 hod.),na
HDPE proliferuji bunilky pomaleji (gener-
aéni ¢as 267135 hod.), k relativné nejpo-
malejs$i proliferaci dochdzi na smési
COC/HDPE (generacni ¢as 267+28 hod.).
Na kontrolnim materidlu pro bunéc¢né kul-
tury proliferuji bufiky nejrychleji (gener-
acni ¢as 126*+21 hod., obr. 1).

Adheze bunék

Z testovanych materidld byla nejvyssi
adheze pozorovana k COC s pocitecnim
maximem po 12 hod. Podobna, ale mirné
vys$si adheze byla pozorovana na kontrol-
nim materidlu. U materialit HDPE a smési
COC/HDPE nebylo maximum po 24 ho-
diniach zaznamenino (obr. 2). Po 48 hod.
se adheze bun€k stabilizovala na konstantni
hodnoté u vSech testovanych materiald.

Apoptoéza bunék

Zadny z testovanych materidlii nevyka-
zuje zvySenou toxicitu pro testované

POHYBOVE USTROJI, ro¢nik 10, 2003, &. 3+4 187



120

#— COC
1O ... coc/HppE >~ —— ¢
100 | ®—— HDPE o ——

< — kontrola y  m

80 /
70

60
50

40

Den 1 Den 2 Den 3 Den 4 Den 5 Den 6

Obr. 1: Rustové kiivky synovidlnich fibroblasti péstovanych na testovanych materidlech.
Experiment byl proveden v dupletu na dvou bunécnych kulturich. Chybové tsecKky vyjadiuji
smérodatnou odchylku.
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Obr. 2: Adheze synovidlnich fibroblastt k testovanym materialiim. Experiment byl proveden v dupletu
na dvou bunéc¢nych kulturach. Chybové tsec¢ky vyjadiuji smérodatnou odchylku.
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Obr. 3: Apoptdza synovialnich fibroblasti péstovanych na testovanych materiilech. Experiment byl
proveden v dupletu na dvou buné¢nych kulturach. Chybové tsecky vyjadruji smérodatnou odchylku.

fibroblasty, v porovnani s kontrolnim mate-
ridlem (obr. 3).

Produkce zanétlivych cytokini

Nejnizsi produkce zanétlivych cytokinu
TNF-a a IL-8 byla pozorovana u kontrolniho
materiilu. Hodnotim kontrolniho materialu
se nejvice blizil material COC a HDPE, na
smési COC/HDPE byla produkce téchto
proteint vyssi (Tab. 1, Tab. 2). Produkce
téchto proteini se s c¢asem sniZuje, COZ
svéd¢i o normalizaci bunécné kultury. Pro-
dukce IL-1 byla u vSech testovanych mate-

rialti véetné€ kontroly stejnd a to pod hranici
5 pg/ml media (normdlni stav).

Produkce stresového proteinu Hsp60

Méfeni bylo provedeno v dupletech na
dvou na sob€ nezivislych kulturich syn-
ovidlnich fibroblasti a byl vypocten
prumér. Exprese stresového proteinu byla
vy$8i po 24 hodinich. Tento stav odpovida
zatizeni bunék trypsinem. Nejniz§i mnoz-
stvi Hsp60 bylo produkovano buiikami ros-
toucimi na materidlu COC a tyto hodnoty
se blizily hodnotam produkovanym burika-

pg/10 000 bunék 24h 48 h 96 h
COC 1,84 1,58 1,49
COC/HDPE 2,28 1,94 1,48
HDPE 1,76 1,69 1,66
kontrola 1,60 1,46 1,19

Tabulka 1. Produkce TNFO v buné¢ném médiu.
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pg/10 000 bunék 24 h 48 h 96 h
cocC 1119,4 625,31 278,41
COC/HDPE 1293,10 758,35 330,67
HDPE 1190,50 612,50 263,90
kontrola 1015,40 573,80 226,10

Tabulka 2. Produkce IL-8 v buné¢ném médiu.

mi rostoucimi na kontrolnim materidlu.
Nejvyssi hodnoty stresového proteinu
Hsp60 byly naméfeny v médiu a buiikich
rostoucich na smési COC/HDPE.

DISKUSE

Materidly, které mohou byt pouZity ve
styku s biologickymi systémy se nazyvaji
biomaterialy (16).V dne$ni dobé je znamo
mnoho ruaznych tiid materidlti jako kovy,
keramika a organické polymery. Dosud
v klinické praxi pouzivané rigidni kovové
umélé nahrady maji omezené mozZnosti
fizeni materidlovych vlastnosti. Naproti
tomu kompozitni polymerové materialy
umoznuji aktivné fidit vlastnosti materialt
jako modul pruznosti v tlaku, modul
pruznosti v tahu a podobné. Vlastnosti kom-
pozitu mohou byt ovlivnény geometrickym
uspofadinim a tvarem pouZzitych armu-
jicich castic. Vedle nezbytnych fyzikalné -
chemickych parametra pro danou aplikaci
je také dulezitd biokompatibilita materidlu.
Toxické substance mohou zpusobit osla-
beni metabolické aktivity, sniZzeni bunécné
proliferace, apoptoézu, nekrozu, zvySenou
produkci stresovych proteint a cytokint.
V mnoha pfipadech vsak dochizi ke kom-
binaci téchto procest. Polymerni materialy
mohou obsahovat rizikové pfimési, jako
napf. rezidudlni monomery ¢i zmékcovadla
(3, 15). Snizeni metabolické aktivity muaze
byt zplisobeno reaktivnimi substancemi,

které inhibuji aktivitu bunéc¢nych enzymi.
Toxicita téchto latek se mulZe projevit
snizenim produkce energie a syntézy pro-
teind, coZ ma za nasledek zmény v aktivnim
transportu pies bunécné membrany, sniZe-
nou bunéc¢nou proliferaci a vede k bunécné
smrti (10, 7). In vitro testy pouZzivané pro
verifikaci toxicity mohou zahrnovat Siroké
spektrum zmén pohybujicich se od mir-
nych zmén v bunécnych funkcich az po
bunécnou smrt (9). Méfeni snizené bunéc-
né adheze muiZze byt pro zjiSténi toxicity
pouzito pouze v tom pfipadé, Ze méfime
inicialni pfichyceni bunék. Toto byvi repro-
dukoviano r0zné€, néktefi autofi povazuji
redukci bunéc¢né adheze jako pfiznak
bunécné smrti (9), jini autofi méfi adhesivi-
tu testovaného povrchu, kterd je zavisla na
fyzikalné - chemickych vlastnostech (6).
Proto bylo méfeni adheze bunék k testo-
vanému materiidlu porovnino se standard-
nim substritem s reprodukovatelnou adhe-
sivitou - polystyrén pro bunécné kultury (1,
8, 9). Bunécna proliferace je jednim z nej-
lepSich parametra pro stanoveni cytotoxi-
city. Cytotoxicky efekt biomaterialu totiz
vyraznym zpusobem ovliviiuje viabilitu
bunék a to nejen ruSenim strukturalni
a metabolické integrity bunék, ale také naru-
Senim jejich reprodukéni schopnosti (13).
Pro obdrZeni specifictéjSich vysledku
o biokompatibilit¢ materidlu bylo pouzito
fibroblasti ze synovidlni membrany. Z pro-
vedenych in vitro testi vyplyva, Ze nejvyssi
bunécnou toleranci vykazuje material COC.
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Obr. 4: Produkce stresového proteinu Hsp60. Experiment byl proveden v dupletu na dvou bunéénych
kulturdch. Chybové usecky vyjadiuji smérodatnou odchylku.

Navic nebyla pozorovina vyrazna intoler-
ance testovanych fibroblasti k Zidnému
z testovanych material. Vzhledem k tomu,
Ze je vétSina vysledku ziskana v in vitro
testech relativni, jsou tyto vysledky pouze
predbéziné a byly zaméreny na zjiSténi toxic-
ity testovaného materidlu. V dalsi fazi exper-
imenti bude zjisfovana biokompatibilita
tohoto materialu s osteoblasty a in vivo.
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DYNAMICKY MODEL ,,TRIBODOVE“ OPORY NOHY
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D 14zné Luhacovice a.s.

2) Katedra fyzioterapie a algoterapie,
Fakulta télesné kultury, Univerzita Palackého, Olomouc

SUMMARY

Some works based on pressure distribution measurement under the foot sole entirely
refused the classical tripod foot model in the last years. The aim of this study with 6 persons
(5 men and 1 woman) was to verify the validity of the model by observation of another para-
meter - center of pressure (COP) trajectory. The persons were instructed to reach the max-
imal sway in the sagittal plain keeping the full contact of investigated foot with Footscan
plate enabling to observe the distribution of the press and COP trajectory altogether. There
is possible to state, on the base of diagrams visual analysis, that the foot postural function is
biomechanically realised predominantly via specific areas of foot sole, respectively segments
or their parts. These areas can be taken as ,support points“, although it is not correct from
,geometrical“ point of view. But it is not possible to think about them in the scope of clas-
sical static tripod model. The standing position is only ,quasistatic“ situation and individual
Lsupport points“ are employed for creating of the support base ,ad hoc“ according the cur-
rent and continually varied situation, permanently checked by the control system. The sup-
port area and derived support base continually change as well. Parallel evaluation of pres-
sure distribution and COP trajectory shows that support area and support base are more
reduced according to contact area than has been supposed previously. The new accurate
definition of established terms takes in account the existence of support points and dyna-
mic changes of their employment in quasistatic standing position.

Key words: center of pressure trajectory, pressure distribution, foot tripod model, sup-
port poins, support area, support base.
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SOUHRN

Nékteré priace vychazejici z méfeni rozloZeni tlaka pod ploskou nohy v poslednich
letech zcela odmitly klasicky tfibodovy (tripodni) model nohy. Cilem této price, které se
zacCastnilo 6 probanda (5 muzi a jedna Zena), bylo ovéfit platnost tohoto modelu pfi sle-
dovani dalsiho parametru - trajektorie COP (center of pressure - pusobisté reakcni sily pod-
lozky). Ukolem probandt bylo dosihnout maximalni vychyleni v sagitilni roviné pfi
zachovani pocitu kontaktu celé plosky vySetfované nohy s ploSinou systému Footscan, ktery
umoznuje sledovat zarovenl rozloZeni tlakl a trajektorii COP. Na zakladé vizudlni analyzy
graftl sestrojenych ze ziskanych dat lze konstatovat, Ze posturilni funkce nohy je biome-
chanicky realizovana predevsim prostfednictvim urcitych oblasti plosky nohy, resp. seg-
ment nohy ¢i ¢asti téchto segmentt. Ty je mozné oznacit za ,opérné body*, jakkoliv je
z pohledu geometrické terminologie toto oznaceni nepiesné. Nelze je ovdem chapat v ramci
klasického tfibodového statického modelu. I stoj je pouze kvazistaticky stav a jednotlivé
,body*“ jsou vyuzivany k vytvoreni opérné plochy (AS) ,ad hoc* podle aktuilni a kontinual-
né se ménici situace permanentné vyhodnocované fidicim systémem. Pribézné se tedy
méni i opérna plocha (AS) a od ni odvozend opérna baze (BS). Soucasné vyhodnoceni
rozloZeni tlaki a trajektorie COP ukazuje, Ze AS je vzhledem k ploSe kontaktu (AC) vice
redukovana nez jsme puvodné predpokladali a stejné€ tak je vyrazné mensi i BS. Nové zpres-
néni definici uvedenych pojmu zohlediiuje existenci opérnych bodu a jejich dynamicky se
ménici vyuziti béhem kvazistatického stoje.

Kli¢ova slova: trajektorie pusobisté reakcni sily podlozky, rozloZeni tlaku na plosce
nohy, model trojnozky, opérné body nohy.

UVOD

Nékteré prace vychazejici z rozlozeni
tlaki pod ploskou nohy v poslednich
letech (1, 3, 5), zcela odmitly klasicky tfi-
bodovy model nohy, ktery je zdkladem pro
klasicky staticky model noZni klenby (4)
(obr. 1 strana 233). Cilem této price bylo
zhodnotit tlohu nohy pfi zajiSténi postural-
ni stability a revidovat klasicky tfibodovy
model nohy pfi sledovani vztahu trajekto-
rie COP (center of pressure - plisobisté
reak¢ni sily podlozky) a rozloZeni tlaka pod
ploskou nohy.

METODA

6 probandu (1 Zena a 5 muza ve véku
20-40 let) se ve stoji na jedné noze snazili
prenést zatizeni ponejvice dopredu (ma-
ximalni volni exkurze ventralné - MVEV)
a dozadu (maximalni volni exkurze dorzal-
né - MVED), pfi zachovani pocitu kontaktu
celé plosky s podlozkou. Méfeni bylo pos-
tupné provedeno pro obé dolni koncetiny,
odlehc¢end koncetina byla flektoviana
v koleni, horni koncetiny byly pfipaZeny,
proband se snazil minimalné pohybovat
trupem.

K méfeni byl pouZzit systém Footscan,
ktery umoziuje sledovat zaroven rozlozeni
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tlakt a trajektorii COP a naslednou analyzu
ziskanych dat a jejich grafické znazornéni.
Vysetfovani probihalo v laboratofi Katedry
biomechaniky a technické kybernetiky FTK
UP v Olomouci. Byl pouzit systém Footscan
fy RSscan (Belgie). Soucastmi systému jsou
mérna plosina spojend s méfici a vyhodno-
covaci jednotkou (pocitac) a ruzné typy
software. Na mérné plosiné o velikosti
40x50 cm jsou umistény s hustotou 4/cm?
senzory kryté polymerovou vrstvou a ochran-
nym gumovym kobercem. Vyrobcem dekla-
rovand prahova citlivost systému je tlak
6N/cm?, oblasti s mensim tlakem nejsou
zobrazovany ani zahrnuty do vypoctu polo-
hy COP. Pro tento pfistroj jsou k dispozici 4
programové moduly - staticky (stoj), dyna-
micky - chtze a ,Romberg“ a nové€ i dyna-
micky stoj (,Golf*). Dynamicky programovy
modul nabizi v rimci programu ,chtize*
i méfeni everze/inverze paty béhem chuze,
coz je dale vyuzivano pfi niavrhu protetic-
kych vlozek. Pfi kvazistatickém stoji ale
nelze tento program ke kvantifikaci inver-
ze/everze pouzit. Po praktickém testovani
moznosti jednotlivych programui a moznosti
dalstho zpracovini ziskanych dat bylo
zjisténo, Ze pro ucely této prace je nejvhod-
néj$i program Romberg ve verzi 6.3.44.
Vlastni méfeni bylo spusténo ve chvili kdy
proband ohlasil, Ze dosahl poZadovanou
polohu, po 5 vtefinich automatického
zpozdéni probihalo méfeni po dobu 10
vtefin. Pfi nastavené frekvenci snimkovani
100 Hz program zaznamendva zatiZeni ze
senzoru a na jejich zakladé vypocitava polo-
hu COP vzhledem k soufadnicové siti. Po
skonc¢eni méfeni zobrazi v okné v barevné
Skale rozlozeni zatiZzeni pod ploskou
(dvéma ploskami) spolu s trajektorii COP
a graficky znazorni Casovy prubéh polohy
v ose x (mediolaterdlni) a y (dorzoventral-
ni) a rychlosti pohybu COP. Dile je auto-

maticky vypocitina maximalni vzdalenost
krajnich hodnot pro kazdou osu.

VYSLEDKY A DISKUZE

Z vizualni analyzy ziskanych map
rozlozeni tlaki pod ploskou a trajektorie
COP je zfejmé, Ze pfi stoji s maximalnim
zatiZzenim paty (MVED) osciluje COP mezi
tfemi hlavnimi oblastmi - patou, laterdlnim
paprskem a hlavickou I. ¢i II. metatarzu
(obr. 2, 3, 4 strany 233,234). Tyto oblasti
opory zhruba odpovidaji klasickému tfi-
bodovému modelu, tak jak ho popisuje
Kapandji. Uvedeny model je ale staticky,
coz neodpovida skute¢nosti, protoze stoj
neni staticky stav,jde o dynamickou ¢i spiSe
Jkvazistatickou“ situaci a také mira zatizeni
v opérnych oblastech plosky se neustile
méni. Tyto oblasti lze oznacit jako opérné
body, jejichZ prostfednictvim je realizovana
posturalni funkce nohy. Oznaceni ,bod“
sice neni presné z pohledu geometrické ter-
minologie, nicméné tradi¢né pouzZivané
a srozumitelné. Pevnym podkladem opér-
nych bodu jsou kalkaneus a dal3i kosténé
segmenty nohy. Hlavnim principem dyna-
mického tfibodového systému je kontinual-
né se ménici kombinace opérnych bodl
(a odpovidajicich pevnych segmenti).
Mékké tkané sice rozkladaji zatizeni pod
opérnymi body do okolni vétsi plochy, tak
jak to popisuji autofi zpochybiiujici platnost
tiibodového systému (1, 3, 5), ale jejich
podil na efektivnim pfenosu sily (impulzu)
je minimalni, pokud vibec néjaky. Tii-
bodova opora je z hlediska stability mini-
malni pozadavek, i kdyZ mtiZe byt dale redu-
kovana pfi vyuziti rovnovaznych pohybt
pazi nebo trupu, spiSe se vSak tyto mecha-
nizmy kombinuji a dopliuji. Dvou- ¢i jed-
nobodovi opora je v delsim ¢asovém useku
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dostacujici pouze pfi vyznamném plisobeni
setrvacné sily a zménach opérné baze
(chuize, béh), s klesajici setrvacnosti roste
vyznam minimalné tfibodové opory.

Také ve stoji s maximalnim pfesunem
zatizeni dopfedu (MVEV) je mozné identi-
fikovat urcité opérné body, a také princip
jejich dynamického stfidani je shodny
i kdyz vzhledem k vétSimu mnozstvi
neni tak zfejmy tfibodovy model (obr. 5, 6,
7 strany 235, 236). Oproti stoji s maximal-
nim zatizenim paty (MVED) dochazi pfi
maximdlnim zatizeni prednozi (MVEV)
k presunu COP nejen dopredu ale i vice
medidlné. To dopovidi modelu dvou
hlavnich paprski - medioproximilniho
(talus, navikulare, klinové kosti a odpovida-
jici tfi medialni metatarzy s clanky prsti)
a laterodistalniho (kalaneus, kuboideum, na-
sedajici dva laterdlni metatarzy a pokracu-
jici ¢lanky prsti) (obr. 8 strana 236). Toto
funkcni rozclenéni nohy do dvou hlavnich
paprsktt ma podklad v pronatornim zkrutu
nohy, ke kterému doslo béhem fylogeneze,
coz lze dobfe demonstrovat ve srovnani se
zapéstim a rukou. Pivodné medidlni mali-
kovy okraj se v oblasti zinoZi dostava pod
puvodné laterdlni palcovy okraj (kalkaneus
pod talem). V distalnéjsich castech nohy
(stfedonozi a pfednozi) diale pokracuje
pronace a navikulare s klinovymi kostmi
a odpovidajicimi metatarzy se dostiava
medidlné od kuboideum a IV. aV. metatarzu.
Pronatorni zkrut nohy je také podkladem
kostni architektury nozni klenby, jejiz vyska
je zavisla na vzijemném postaveni zanoZzi
a prednozi. Mimoto souvisi medidlni posun
COP pii MVEV s tim, Ze pfi MVED probandi
koleno stojné DK obvykle extenduji, zatim-
co pfi MVEV maji tendenci koleno flekto-
vat.Vzhledem k vzijemné poloze os kolene,
hlezna a Chopartova kloubu, dochazi pii

extenzi kolene k soucasné supinaci (inver-
zi) v subtaldrnim kloubu a pfi flexi k prona-
ci (everzi) (8) (obr. 9, 10 strana 237).
Uvedené poznatky jsou podkladem pro
revizi konceptu opérné plochy a opérné
baze (6,7). Kontaktni (sty¢na) plocha (AC),
ktera pfedstavuje celou plochu dotyku
plosky a podlozky, neni vyuZita pro pfenos
zatizeni rovnomérné. Pouze jeji nékteré
Casti, tzv. opérné body (SP) mohou byt
vyuzity k efektivnimu pfenosu sily v ramci
udrZzeni posturdlni stability. Tyto opérné
body vytycuji opérnou plochu (AS)
z celkové plochy kontaktu (AC) a opérnou
bazi (BS) z celkové plochy podlozky. Mezi
nejzazs$imi body trajektorie COP a hranice-
mi BS pretrvava pomérné velkd vzdalenost
i pfi maximalni snaze o pfibliZeni se témto
hranicim (ovSem bez ztraty rovnovahy),
hranice AC jsou jesté vzdalenégjsi. Oblast
mozného vyskytu COP tedy neni celd BS
a tudiz ani cela AC. COP nejenze nemuze
dosihnout hranice BS, ale pfi zachovani
poZadavku udrZeni rovnovahy se ji nemiize
ani pfiblizit. Vzhledem k tomu, Ze oblast
mozného vyskytu COG (tedy kolmého
omezenou c¢asti plochy mozného vyskytu
COP, je jasné, Ze se hranicim BS nemuiZe pfi-
bliZit ani téZist¢é (respektive jeho primét do
podlozky) (obr. 11, 12, 13 strana 238).
Tézisté téla (COM) a jeho prumét do
podlozky (COG) se nemohou ve stoji ocit-
nout dorzilné od osy hlezenniho kloubu,
jinak nasleduje nevyhnutelny piad nebo
ukrok. Naopak COP se muiZe nachazet za
osou hlezenni kloubu, nicméné pii MVED
zistiva COP vice vzdialeno od zadniho
okraje op€rné plochy nez od pfedniho
okraje opérné plochy pfi MVEV (obr. 2, 5
strany 233,235). Pfi MVEV ma systém k dis-
pozici dostatecnou rezervu momentu sily
plantarnich flexort, je mozné vyuzit razné
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kombinace opérnych bodt predstavova-
nych segmenty metatarzti (hlavicek) a dis-
talnich clanka prsth, prenos sily na pod-
lozku je méné€ tlumen a zpomalovan tenci
vrstvou mékkych tkani.

Fakt, Ze udrZeni rovnovahy pfi MVED je
mnohem naroc¢né€jsi nez pii MVEV je znamo
iz bézné praxe - zatimco stoj na hlavickach
metatarzii a prstech neni obtizné zvlad-
nout, stoj pouze na jedné paté je prakticky
neudrzitelny. Pfi pokusu o redukci BS
pouze pod kalkaneus (bez kontaktu pred-
nozi a laterdlniho paprsku s podlozkou)
poskytuje oporu pouze jeden kostény seg-
ment, takZze neni mozné vyuzit dynamické
oscilace COP mezi nékolika opérnymi body
a k udrZeni stability jsou nutné mohutné
souhyby trupu a hornich koncetin a dru-
hostranné dolni koncetiny. Navic silna vrst-
va mezilehlych mékkych tkani pod patni
kosti ztézuje fidicimu systému piesné cileni
pusobent sily a zpomaluje rychlost nastupu
jejiho ucinku. Dorziflektory nohy maji také
nepomérné mensi moment sily ve srovnani
s plantarnimi flexory, coz je dano jak mensi
kontrakéni silou tak i vyrazné krat$im ra-
menem paky,a v disledku toho je prakticky
neucinny mechanismus obraceného kyvad-
la (6, 7) (obr. 11 strana 238). Oslabeni dorz-
iflektorti nohy ve stafi, predevsim m. tibials
anterior, je povazovano za jeden z vyznam-
nych faktoru pfispivajicich ke zhorSeni bal-
ancnich schopnosti (2). Stoj s MVED je tedy
prakticky nemozny bez zachoviani ¢aste¢né-
ho zatiZeni pfednoZi, pfedevsim V. metatar-
zu. Pii inverzi kalkaneu a zatiZeni zevniho
paprsku dojde ke zvySeni tuhosti stfedniho
tarzu a noha pak jako rigidni paka citlivé
reaguje na fidici pokyny pfi udrZzovani sta-
bility v blizkosti kritické hranice (8).

ZAVER

Na zakladé vysledkt lze konstatovat, Ze
posturalni funkce nohy je biomechanicky
realizovina pfedevSim prostfednictvim
urcitych oblasti plosky nohy, resp. segmen-
th nohy ¢i casti téchto segmentt. Ty je
mozné oznacit za ,opérné body*,jakkoliv je
z pohledu geometrické terminologie toto
oznaceni nepresné. Nelze je ovSem chipat
v ramci klasického tfibodového statického
modelu. I stoj je pouze kvazistaticka situace
a jednotlivé ,body“ jsou vyuzivany k vytvo-
feni opérné plochy (AS) ad hoc podle
aktudlni a kontinudlné se ménici situace
permanentné vyhodnocované fidicim sys-
témem. PriibéZné se tedy méni i opérna
plocha (AS) a od ni odvozeni opérnd baze
(BS). Soucasné vyhodnoceni rozloZeni tlak
a trajektorie COP ukazuje, Ze AS je vzhle-
dem k plose kontaktu (AC) vice redukovana
nez jsme pluvodné predpokliadali a stejné
tak je vyrazné mens$i i BS. Nové zpresnéni
definici uvedenych pojmu zohlediiuje
pravé existenci opérnych bodu a jejich dy-
namicky se ménici vyuziti béhem kvazista-
tického stoje.
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KONFERENCE ¢ CONFERENCE

EUROPEAN HUMAN GENETICS CONFERENCE (ESHG)
2002 AND EUROPEAN MEETING ON PSYCHOSOCIAL
ASPECTS OF GENETICS 2002, STRASBURG, FRANCE,
MAY 25 — 29, 2002

KUKLIK M.

Genetickd ambulance,Ambulantni centrum pro vady pohybového aparatu
v Praze 3, Olsanska 7

Ustav biologie a genetiky 2. LF UK Praha

Kongres Evropské spolecnosti lidské genetiky se konal ve dnech 25.-29. 5. 2002 ve
Strasburgu ve Francii. Struktura sympozia byla rozd€lena na plenidrni sekce, sympozia, na
tzv. konkurencni sekce a posterova tématickd sd€leni. S vybranymi abstrakty i s komentafi
seznamujeme Ctendfe (se zfetelem na onemocnéni pohybového aparitu a na syndro-

mologii).

THE HUMAN GENOME SEQUENCE:
WILL IT COME TO AN END?

J. Weissenbach
Genoscope and CNRS UMER - 8030 EVRY, France

The International Human Genome
Sequencing Consorcium has not curtailed
its efforts with the announcement of the
completion of the draft sequence (June
2000). On the contrary significant progress
has been accomplished since the analysis
(February 2001) and the hope for a com-
plete sequence for 2003 is still realistic.

The draft sequence has been improved
by doubling the number of shotgun reads
of the BAC clones included in the assembly
(about 30.000 clones) This resulted in lar-
ger assembled contigs which colud be
more frequently ordered and oriented. Fi-
nishing is the major focus at present.

To date chromosomes 14, 20, 21,22 and
Y are fully sequenced. The published draft
sequence (assembled September 2000)
contained some 220.000 sequence gaps
among which about 2.000 were not
bridged by cloned DNA fragments. The
sequence gap number has decreased to
98.000 (assembled August 2001) and the
number of clone gaps has been reduced to
390 (November 2001). Similarly the global
coverage has increased from 2700 Mb
(September 2000) to 2900 Mb (August
2001). 2048 Mb of non-redundant sequence
(64 %) is in the finished state.

Because of the high redundancy of the
number of BAC clones that were used for
the draft sequence, a large number of
sequence variances could be identified and
more than 4.000 000 SNPs are presently
featured in dbSNBP. Sequence analysis does
not reveal spectacular changes. The gene
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count remains controversial. However the
number of 25.000 confirmed genes is not
going to increase rapidly since it is depen-
dent on experimental validations.

GENE THERAPY OF INHERITED
DISORDERS

A. Fischer

Unite d Immunologie et d Hematologie Pediatriques
and INSERM U 429

University Hospital Necker - Enfants Malades, Paris,
France

Gene therapy is an attractive option for
a number of genetic disorders. Genetic sup-
plementation could in theory lead to long
lasting disease phenotype correction.

However, efficient targeting, induction
of long casting transgene expression and
few other issues limit present application.
Given the status of gene transfer technolo-
gy, two settings appear more favourable.
The first relies on a growth advantage con-
ferred to transducer cells by transgene
expression combined with cell longevity.
This is best exemplified by the severe com-
bined immunodeficiency (SCID) condition.
X linked (SCID) is caused by mutations of
the gene encoding the gama receptor sub-
unit. Induction of expression on lympho-
cyte progenitors by retroviral mediated
gene transfer leads to tremendous cell pro-
liferation resulting in the generation of
a high number of mature, long lived T lym-
phocytes. Based on this strategy, seven out
of 8 patients with typical XL-SCID have be-
nefited from gene therapy. They have
indeed recovered a functional immune sys-
tem with follow up to 3 years without
adverse effects. A dozen of other genetic
conditions might therefore also benefit
from this approach. The second favourable
setting is based on continuous secretion of

a protein in blood stream by transduced
cells of various sources such as hepato-
cytes, fibroblast or muscular cells. AAQV
vectors appear well - suited. As based on
preliminary results, application to the treat-
ment of inherited hemostasis disorders
(haemophilia) or lysosomal storage disor-
ders can be considered. Broader applica-
tion of gene therapy is awaiting progress in
gene transfer technology. The advent of
lentiviral vectors enabling transduction of
non-cycling cells, if proven safe, might pro-
vide a significant boost to gene therapy.

FRAGILE X SYNDROME - ITS IMPACT
ON FAMILIES

B. Carmichael
Genetic Nurse Specialist, Southend Hospital, Westcliff
on Sea, United Kingdom

Fragile X syndrome is the commonest
inherited cause of learning difficulty.
Although X-linked, it affects both girls and
boys. While learning difficulties are a con-
sistent feature, fragile X is also associated
with characteristic behavioural problems in
many affected children.

Having a child with learning difficulty
has an impact on any family, as has the pres-
ence of an inherited disorder in family.
Many of the challenges faced by fragile
X families are no different from those faced
by other families with genetic disorders, or
with learning - disabled children. However,
there are features of fragile X, which make
it unique.

Some mothers of fragile X children are
themselves affected, main parenting and
behavioural management difficult. Women
with fragile X do not always have good
social skills, and this can lead to estrange-
ment from their families and a lack of con-
fidence can make it hard for some affected
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females seek help for themselves or for
their children.

Finding the underlying genetic mecha-
nisms, which causes the condition haze,
made possible reliable diagnosis and carrier
detection.

However, more than 30 years after the
first observation of the fragile site on the
X chromosome, prenatal diagnosis can still
be problematic.

These issues will be discussed from the
perspective of my work as a genetic coun-
sellor, as an active member of the UK Fra-
gile X Society, and from my experience of
living in a Fragile X Family.

FUNCTIONS AND BIOGENESIS

OF PEROXISOMES AND THE
METABOLIC AND MOLECULAR BASIS
OF PEROXISOMAL DISORDERS

J.A.-Wanders, H.R. Waterham

Academic Medical Centre, University of Amsterdam,
Laboratory Genetic Metabolic Diseases, Departments
of Pediatrics/Emma Children s Hospital and Clinical
Chemistry,Amsterdam, Netherlands

Peroxisomal disorders (PDS) are rela-
tive newcomers in the area of genetic di-
seases, which now comprise over 20 diffe-
rent disorders with Zellweger syndrome as
the prototype. The PDS can be subdivided
into 2 groups including: 1. peroxisome bio-
genesis disorders (PBDS) and 2. the single
peroxisomal enzyme deficiencies. In PBD
patients' peroxisomes are strongly defi-
cient resulting in a generalized loss of per-
oxisomal functions. Within the PBD group
there is not only profound clinical hetero-
geneity ranging from Zellweger syndrome
with early death to infantile Refsum disease
with survival into adult life but also marked
genetic heterogeneity with the involve-
ment of at least 12 different genes. Most of

these genes, called PEX genes, have been
identified allowing molecular diagnosis in
virtually all patients.

Peroxisomes catalysed a range of impor-
tant metabolic functions including fatty
acid beta - oxidation, etherphospholipid
biosynthesis, and fatty acid alpha - oxida-
tion and glyoxylate detoxification, a.o. In
recent years many peroxisomal disorders
have been identified resulting from single
peroxisomal defect. This advanced know-
ledge has led to the development of highly
reliable methods for the post and prenatal
laboratory diagnosis of patients at the
metabolite, enzyme and DNA level. Despite
these many achievements much remains to
be learned about the pathogenesis of per-
oxisomal disorders and about treatment
strategies.

MUTATIONS IN THE SIP1 GENE CAUSE
A DISTINCTIVE DYSMORPHIC
SYNDROME WITH OR WITHOUT HSCR

D. Mowat, M. Wilson, S. Worthoington, H. Kaarianen,

C. Curry, S. Aqltimos, J. Clayton - Smith, D. Donna,

S. Braddock., C. Barrey, E. Daskot Le Moal, V. Cacxheux,
M. Goosens

Sydney Childrens Hospital, Sydney, Australia

University of New South Wales, Sydney, Australia

The Childrens Hospital at Westmead, Sydney, Australia
Genetic Services of Western Australia, Subiaco, Australia
The Family Federation of Finland, Helsinki, Finland
Valley Childrens Hospiotal UCSF Madera, CA

Northern Regional Genetic Service, Aucklandm

New Zealkand

St. Mary s Hopital, Manchester, United Kingdom
University of Missouri - Columbia, Missouri, Mo
Hopitak Saint - Camille, Brysur - Marne, France
INSERM U468 et service de Biochimie et Genetique,
Hopitak Henri Mondor, Creteil, France

In 1998 we delineated a new syndrome
of characteristic facial features - multiple
congenital anomaly - mental retardation --
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Hirschprung disease (HSCR) subsequently
found to be caused by new dominant muta-
tions in the ZFHX1B (or SIP1) gene. All the
mutation positive cases from the literature
(where photographs are presented) and
our series show the same distinctive facial
phenotype. The characteristic facial fea-
tures may be used as an indicator for muta-
tional analysis of the ZFHX1B gene in the
children. The initial cases were ascertained
in the presence of HSCR as well as mental
retardation but it is now apparent that is
not an invariable component of the syn-
drome. We illustrate this with the descrip-
tion of two further mutation positive cases
where HSCR is not present. We also demon-
strate the evolving facial features with age
in our series of fifteen mutation positive
cases (ten previously unpublished) to aid
other clinicians in recognition of this syn-
drome even in the absence of HSCR. A low
recurrence risk can be given to the parents
when mutation analysis is positive.

We review the genotype-phenotype
correlations in the 32 published cases and
our 10 new cases with YFHX1B mutations
or deletions, All interagency mutations so
far reported have led to a premature stop
codon suggesting that the mechanism for
the phenotype is haploinsufficiency with
an altered gene dosage effect. It is impor-
tant to test patients with Goldberg -
Shpritzen syndrome (HSCR mental retarda-
tion - microcephaly), especially those
reported with sibling recurrence, to estab-
lish whether this is separate disorder.

A CLASSIFICATION OF DISORDERS
WITH ABNORMAL VERTEBRAL
SEGMENTATION

P. D. Turnpenny, J. Duncan, S. Ellard

Royal Devon and Exeter Hospital, Exeter,
United Kingdom,

University of Exeter, Exeter, United Kingdom

Abnormal vertebral segmentation (AVS)
is an important diagnostic handle and
occurs in a wide variety of syndromes, e.g.
Goldenhaar facio-auriculo-vertebral spec-
trum, VATER/VACTERL association, trisomy
8 mosaicism and maternal diabetes. Howe-
ver, the use of terminology in clinical prac-
tice is not consistent and the literature is
correspondingly confusing for a wide va-
riety of radiological phenotypes. The identi-
fication of a number murine somitogenesis
genes with important roles in normal deve-
lopment of the axial skeleton makes it pos-
sible to approach this complex filed sys-
tematically. In man, mutations in genes of
the NOTCH signalling pathway are the first
to enable a classification based on genotype
- phenotype correlation. JAGGED 1 is impli-
cated in all agile syndromes, which includes
butterfly vertebrae and DLL3 in autosomal
recessive spondylocostal dysostosis (SCD),
in which a consistent pattern of AVS
throughout the spine occurs in association
with rib fusions. We propose the designa-
tion SCD type 1 for cases due to mutated
DLL3 and SCD type 2 for similar pheno-
types not DLL3 linked. There is no definite
evidence as yet that DLL3 is implicated in
autosomal dominant forms of AVS. Muta-
tions in ROIR 2 cause autosomal recessive
Robinow syndrome, whilst Jarcho-Lewin
syndrome (spondylothoracic dysostosis/
dysplasia) has been mapped to 2q321.
There are specific recognisable entities,
which are usually distinguishable from the
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many sporadic cases of ASVS. We propose
a system of classification based on syn-
dromic AVS, pure SCD due to disrupted
somitogenesis, neural tube associated AVS
and large group of unknowns which will
become the focus of new research from
murine derived candidate genes.

A SYSTEMATIC STUDY OF LIMB
DEFECTS IN DENMARK

K. W. Kjaer, J. Hedeboe, M. Bugge, C. Hansen,
K. Friis Henriksen, J. M. Opitz, N. Tommerup
Wilhelm Johannsen Centre for Functional Genome
Research

Panum Institute, University of Copenhagen,
Copenhagen, Denmark

Department of Orithopedic Surgery,
Naerstved Hospital, Naestved, Denmakr
Departement of Pediatrics (Medical Genetics),
Human Genetics, Osbtetrics and Gynecology,
University of Utah, Salt Lake City, UT

We are establishing a national DNA/cell
bank for congenital limb defects together
with the major hospitals in Denmark,
including 100 families referred to genetic
counselling at the Department of Medical
Genetics, University of Copenhagen.
Among these are the families reported by
Thomsen (1927), Kemp and Ravn (1932)
and Tage -Hansen (1938) and the 625
probands with reduction defects reported
by Birch-Jensen (1949) in his doctoral the-
sis ,Congenital Deformities of the Upper
Extremities“. Thomsen and Kemp/Ravn in
two classical papers described two large
families with autosomal dominant axial syn-
polydactyly (SPD) with remarkable pheno-
typic differences. Presently we have
extended these families to 10 and 8 genera-
tions (169 and 366 individuals), and identi-
fied the mutations as 9 and 7 polyalanine
expansions affects digits 3-4 (synpoly-

dactyly). The large sizes of these two fami-
lies permit a detailed genotype - pheno-
type study, which so far confirms variability
of expressivity. In one carrier of the 9-resi-
due expansion abnormal flexion creases
were the only visible trait affected, sugges-
ting that inclusion of this trait may increase
the entrance in other SPD families. The
access to a large number of probands and
families with limb defects, which often can
be traced and reinvestigated over many
generations and the nation-wide public
health-care system with centralized regis-
tration of all individuals in Denmark pro-
vides a unique back - bone for identifying
novel limb defect genes and phenotypes.

TRIALLELIC INHERITANCE IN BARDET —
BIEDEL SYNDROME, A MENDELIAN
RECESSIVE DISORDER

N. Katsanis, S. J. Ansley, J. L. Badano, E. R. Eichers,

R. A. Lewis, B. Hoskins, P. J. Scambler, W. S. Davidson,
P. L. Bealews, J. R. Lupski

Department of Molecular and Human Genetics,
Baylor College of Medicine, Houston, TX

Department of Ophtalmology,

Baylor College of Medicine, Houston, TX

Department of Pediatrics, Baylor College of Medicine,
Houston, TX

Department of Medicine, Baylor College of Medicine,
Houston, TX

Molecular Medicine Unit, Institute of Child Health,
University College, London, United Kingdom
Department of Molecular Biology and Biochemistry,
Simon Fraser University, Burnaby BC, Canada

Bardet-Biedl syndrome (BBS) is geneti-
cally heterogeneous disorder characterized
by multiple clinical features that include
retinal dystrophy, polydactyly, obesity, deve-
lopmental delay and renal defects. Analysis
of pedigree structures led historically to the
hypothesis that this disorder is inherited in
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an autosomal recessive fashion, subsequent
positional cloning efforts identified the first
three of at least seven BBS genes (BBS2,
BBS4 and BBS6). We have screened our
cohort of 163 BBS families for mutation in
these genes and, when possible by family
size, constructed haplotypes across all
known BBS regions. We report the pres-
ence of three mutant alleles in affected indi-
viduals in several BBS pedigrees. Patients in
three pedigrees have two mutations in
BBS2 and two BBS4 mutations. Finally, four
pedigrees carried a single-gene recessive
disorder but a complex trait, possibly
requiring the participation of multiple loci
to manifest the phenotype. Consistent with
this hypothesis, in two pedigrees segrega-
ting three BBS mutant alleles, we have iden-
tified unaffected individuals who carry two
BBS2 mutations but not a BBS6 mutation.
This model of disease transmission may be
important in the study of genetic hetero-
geity in recessive disorders and for model-
ling gene interactions in complex traits.

GENETIC AND FUNCTIONAL ANALYSIS
OF CONNEXINS IN SKIN DISEASE AND
DEAFNESS

J.A. Common,W. D. I. M. Leigh, D. P. Kelsell
Barts amd The London Queen Mary s School of
Medicine and Dentistry, London, United Kingdom

Distinct mutation in four connexions,
CX26, CX303, CX30 and CX31 have been
found to underlie sensirineural non syn-
dromic hearing loss (NSHL) and/or three
types of hyperproliferative epidermal dis-
ease: Vohwinkel's syndrome, Hidrotic Ecto-
dermal Dysplasia (HED) and Erythrokerato-
derma variabilis (EKV).

Using PCR based analysis with dHPLC
technology, we have identified a number of
new mutations (both dominant and reces-

sive) and coding polymorphisms in these
four connexion genes. These and previous-
ly identified mutations have been further
characterised. GFP tagged connexin fusions
proteins have been used to study mutant
cionnexins particularly with respect to
junction assembly and channel function in
keratinocytes and HeLa cells.

After transfection, the wild type GFP
CX30 fusion protein was localised at the
plasma membrane in a characteristic punc-
tuate pattern showing functional gap junc-
tions between adjoining cells. A similar local-
isation was observed for the NSHL mutation,
CX30GLY11ARG and CX30ALA88VAK fusion
proteins were localised to the cytoplasm.

Similar genotype-phenotype differences
were observed when analysing CX26 and
CX31 mutations.

In summary, localisation data indicate
that skin disease associated mutations
impair protein trafficking to the plasma
membrane. In contrast, NSHL mutations are
capable of forming gap junction like struc-
tures at the plasma membrane but prelimi-
nary dye transfer studies suggest defective
channel activity. These data show that muta-
tions in connexin molecules can result in
distinct junction assembly and channel
properties that may account for the diffe-
rent effects of particular mutants on epi-
dermal function and auditory transduction.

PARKES — WEBER — KLIPPEL —
TRENAUNAY SYNDROME

M. Kuklik, J. Spatenka, I. Maiik

1st and 2nd Faculty of Medicine, Prague 5,

Czech Republic

Cardiologic Centre, Prague 5, Czech Republic,
Faculty Hospital Motol

Out Patients Dept. of Orthopaedics, Prague 3, Czech
Republic
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The syndrom Parkes - Weber - Klippel
- Trenaunay is a heterogenic clinical unit of
hemihypertrophia of the limb and the ade-
quate part of body, angiodysplastic changes
with varies and other facultative characte-
ristics.

Hemangiomatosis and affections of the
skin, soft tissues and adjacent bones and
a partial hypertrophy (mainly of the lower
limbs) are the substance of the disease.

The Parkes - Weber - Klippel - Trenau-
nay syndrome is an associated mesodermal
and ectodermal dysplasia of congenital and
polygenic character.

The authors investigated the group of
23 patients with this diagnosis for a long
period of time. There were provided the
complex paediatric and genetic examina-
tions, including genealogy and anthropom-
etry. Phenotypic characteristics of this bio
mechanically important disease were pho-
tographically documented.

The genealogic examination found the
microsymptoms in the families, such as
varices cruris.

The genetic examination has a specific
position in the complex of the clinical
examination. It estimates the risk of affec-
tion in off springs and brothers and sisters,
i.e. the relatives of the 1st. degree.

The majority of the cases were isolated
with good genetic prognosis. Rarely we
found the transmission in two generations
with remarkable deviations.

The patients are often treated for other
symptomatic diagnosis.

Biomechanical and therapeutical aspects
of the disease are discussed.

Adresa:

MUDr. Miloslav KUKLIK, CSc.

Ambulantni centrum pro vady pohybového aparatu
- genetickd ambulance

Olsanska 7

130 00 Praha 3
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KONFERENCE ¢ CONFERENCE

EUROPEAN HUMAN GENETICS CONFERENCE 2003,
MAY 3-6, 2003, BIRMINGHAM, ENGLAND

KUKLIK M.

Genetickd ambulance,Ambulantni centrum pro vady pohybového aparatu,

Olsanska 7,130 00 Praha 3

Ve dnech 3 az 5.kvétna 2003 se konal kongres Evropské genetické spole¢nosti lidské
genetiky. Védecky program byl tradicné rozdélen do plenarnich sekci, paralelnich
Lkonkurentnich“ sympozii, workshopu a satelitnich meetingti a dile na posterova sdé€leni.

Postery zahrnovaly problematiku nadorovou, klinickou genetiku a dysmorfologii, cyto-
genetiku, prenatilni a perinatalni genetiku, genetické poradenstvi a vzdélavani, geneticky
screening a vrozené vady metabolismu a biochemickou genetiku, terapii genetickych
onemocnéni, genovou strukturu a funkci, genomiku a bioinformatiku, molekularni zaklady
mendelovskych onemocnéni, vazebné mapovani a polymorfismus, komplexni dédi¢nost

a populacni genetiku a epidemiologii.

Uvadime vybrani abstracta z jednotlivych sekci.

LIFE, SEX AND WT 1 ISOFORMS
M. Landomery et. al. (Edingurgh, Malaga)

Mutations in the Wilms tumor gene, WT
1, may lead not only to childhood kidney
cancer but also severe glomerular nephro-
pathy and sex reversal. The WT 1 gene may
encode up to 24 slightly different proteins
through a combination of alternative splic-
ing, alternative translational start sites and
RNA editing. All these isoforms contain
4C terminal zinc fingers similar to those
found in transcription factors. All non mam-
malian vertebrates express only two of
these WT 1 isoforms differing by just 3 ami-
noacids, KTS, inserted by alternative splic-
ing between zinc fingers 3 and 4. We have

shown, that these WT 1 + KTS and WT1-
KTS isoforms have remarkable different
properties, in therms of subnuclear locali-
sation ind interaction with nucleic acids
and proteins.Our findings suggest that the -
KTS isoforms function as transcription fac-
tors, whereas that +KTS isoforms seem to
function in RNA splicing. These proteins
have different functions during genitouri-
nary development and both are required
for survival (syndromology and mouse
knockout). The +KTS proteins in particular
are required for male determination and
function upstream of SRY. Mice lacking WT
1 have no kidneys or gonads and the heart
is abnormal.
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GENETICS OF POLYDACTYLY
P. Heutink (Rotterdam)

The past decade rapid advancers have
been made in identification of human
genes that play a role in upper limb malfor-
matzions is polydactyly with a prevalence
of between 5 and 17 per 10 000 live births.
Depending on the location of the extra
digit, polydactyly is divided into pre-axial,
post axial and central polydactyly.

For postaxial polydactyly, mutations in
the GLI 3 gene have been identified and
additional genetic loci on chromosome
13921, 19p and 7935 have been reported.
For pre-axial polydactyly a major locus on
chromosome 7q36 exists. The work on this
locus is an excellentz example of how col-
laborations between human geneticists and
developmental biologists can lead identrifi-
cation of disease genes. A preaxial poly-
dactyly locus was identified in 1993 but
mations in genes within the critical region
could not be identified. Only by using
a combination of linkage data, cytogenetics
and animal models it could be demonstra-
ted that the disruption of a regulatory ele-
ment approximately 800 kb upstream of
the SHH gene is the most explanation for
this phenotype.

PRESERVING THE HERITAGE OF
HUMAN GENETICS

P. S. Harper (Cardiff)

Although the pedigree and quantitative
analysis of human genetic characteristics
and disorders began with the recognition
of Mendel's laws, the laboratory basis of
human cytogenetics and molecular genet-
ics is only 50 years old and the develop-
ment of medical genetics as a specific field
even less. This creates a unique opportuni-

ty for documenting the history of our field,
since many of the key workers are still alive
and their records still in existence. The
urgency needed to seize this opportunity
has resulted in the creation of the Genetics
and Medicine Historical Network, supp-
ported by the Wellcome Trust, and closely
associated with the European Society for
Human Genetics. All interested workers in
Human Genetics can contribute in their
own areas by helping to ensure that
records and correspondence are preserved,
older scientists are interviewed and the
context of key discoveries documented.
This should provide a detailed foundation
on which future historians abd social scien-
tists can base their studies, as well as ma-
king the history of genetics in relation to
medicine directly accessible to the wider
public.

DEVELOPMENT OF THE INNER EAR —
THE ZEBRAFISH MODEL

T. Whitefield (Sheffield)

The zebrafish is a convenient genetic
model system for the study of rhe inner ear.
Embryos are accessible at all stages of deve-
lopment, and are optically clear, enabling
the otic vesicle to be observed in the live
animal. Both forward and reverse genetic
approachers are available. We are characte-
rising a number of mutant lines that form
models for human disease, includingt colour-
less sox 10 - a model for Waardenburg -
Sshah syndropme and van goghtbx1 model
for di George syndropme. Both sox 10 and
tbx 1 code for transcription factors that are
strongly expressed in otic epithelium, and
both mutants have severe sensory and non
sensory otic abnormalities. We are also
interested in the signals from surrounding
tissues that act to pattern the otic vesicle.
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We have demonstrated a role for Hegehog
signalling from midline structures(the noto-
chord and floorplate in the patterning of
the anteroposterior axis of the zebrafish
ear. A loss of Hedgehog signalling gives rise
to a striking partial mirror image duplica-
tion of anterior otic structures, concomi-
tant with a loss of posterior otic domains.
Ectopic activation of the Hedgehog path-
way has the reverse effect: ears lose anteri-
or structures and show a mirror image
duplication of the posterior reghions at the
anterior of the ear.

AUTOSOMAL RECESSIVE PRIMARY
MICROCEPHALY: GENES AND
PHENOTYPE

C.G Woods et al. (Leeds, Brussel)

During the third trimestr of pregnancy
the human brain continues to grow, relative
to body size, at a greater rate than that seen
in our primate relatives e.g. gorilla and
chimpanzee. This leads to a human brain
that is three times greater in size, Pertuba-
tions of this process results in congenital
microcephaly. We have studied a cohort of
57 consanguineous Northern Pakistani fa-
milies with the clinical diagnosis of autoso-
mal recessive primary microcephaly abd
now report our clinical and molecular find-
ings. Affectzed individuals have a head cir-
cumference of more - 4SD and mild mode-
rate mental retardation, but no other
abnormal findings. MRI scans show a gene-
ral reduction of brain size but particularly
of the cerebral cortex.

Using autozygosity mapping we have
found 7 MCPH loci. Genotyping of all fami-
lies against all loci showed that NCPH 5 ist
the common locus accounting for 27/57
families.

DO PARENTS AND GRANDPARENTS
WITH ACHONDROPLASIA HAVE
A HIGHER CANCER RISK?

C. Stoll and J. Feingold (Strasbourg, Paris)

Several studies, performed according to
hypotheses based on teratogenesis and car-
cinogenesis have tried to answer the ques-
tion: do parents of children with congenital
anomalies have a higher cancer risk? The
general answer is no, however a higher risk
for cancer was reported in the parents of
children with cleft/lip palate. In achon-
droplasia de novo mutations are of the
paternal origin, raising the hypothesis of
the existence of a ,mutator“ gene which
may favour also the occurence of cancer.

A questionnaire was sent to members
with non familal achondroplasia of two asso-
ciations of little people, one French and one
from Quebec. We asked for cancer, lym-
phoma and leukemia in their parents and
grandparents. In the hypothesis tested the
maternal lineage was the control. 148
answers were obtained from 76 males and
72 females with achondroplasia. Out of
them 68 have parents or grandparents with
cancer. Eight fathers and 2 mothers of
patients with achondroplasia had cancer.
Among the grandparents of achondroplastic
dwarfs there were 36 cancers including
2 lymphomas in the paternal grandfathers,
20 cancers including 2 chronic myeloid leu-
kemie (CML) in the paternal grandmothers,
22 cancers including 2 CML in the maternal
grandfathers, and 4 cancers in the maternal
grandmothers.

In conclusion, paternal grandfathers and
grandmothers had significantly more can-
cers than maternal grandfathers and grand-
mothers (p 0,05). This result raises hypothe-
ses in relationship with the paternal origin
of de novo mutations in achondroplasia.
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SOME BONE AND TEETH DYSPLASIAS
M. Kuklik, J. Handzel (Praha)

The bone and teeth dysplasias repre-
sent a numerous series of growth defects of
hereditary origin. Their symptomatology
exhibit a large scale of abnormalities which
are the aim of this presentation. From the
broad scale of diseases we demonstrate fol-
lowing conditions:

- amelogenesis imperfecta

- dentinogenesis and/or osteogenesis
imperfecta

- some syndromes with manifestation in
orofacial area

In all our observed cases the clinical
examination was acompanied by genealo-
gical and laboratory (histological, cytogenet-
ical and molecular biological methods) as
well as stomatological examination. The
analysis of our data showed some interesting
relationships between bone, hard dental tis-
sues and mesenchymal orofacial structures.

The most promising direction of our
further research seems to be the correla-
tion between osteoblasts in selected cases
of osteogenesis imperfecta with inborn
defects of collagen I.

The precise etiopathogenetic knowledge
promotesd the correct genetic diagnostics
which is of crucial importance for determin-
ing further medical preventive tactics.

NEW COLLAGEN ALPHA 1 CHAIN
GENE MUTATION IN A CZECH GIRL
SUFFERING FROM SEVERE BRITTLE
BONE DISEASE

1. Mafik, I. Mazura, O. Mafikova, E Mazurova,
M. Kuklik (Praha)

The authors repor a new 4 base pairs
insertion polymorphism in the 3'end of the
gene in a female patient with atypical

severe skeletal picture of osteogenesis
imperfecta (OI).

This insertion is different from
described small insertions in ,Cardiff Muta-
tion Database“. The proband is a Czech girl
born after a normal preegnancy and deli-
very at 40 weeks of gestation. Birth weight
was 2,45 kg, length 49 cm. After delivery
the fracture of left clavicle was observed.
She comes from healthy mother and father
of average height, nobody in family suffers
from OI. The skeletal disorder was previ-
ously classified as a fresh mutation of severe
type of OI type I according to Sillence et al.
(1979).The case is presented from a partic-
ular radioclinical point of view and special
course of severe disease is described and
documented.

The small insertion (CCGT) in exon 30
of COL1A1 gene was determined in blood
sample of the proband by classical and mo-
leculare genetic techniques (polymerase
chain reaction, horizontal and vertical elec-
trophoresis and sequencing of PCR amplifi-
cates. There are still many OI entities in
which the basic defect is unrecognized and
on the other hand, there are hypothetically
some OI cases (especially those with severe
course) in which some other gene muta-
tions should be supposed.

The research has been supported by
grant of Ministry of Education EuroMise -
Cardio No. LNOOB 107.

Adresa:

MUDr. Miloslav KUKLIK, CSc.

Ambulantni centrum pro vady pohybového aparitu
- genetickd ambulance

Olsanska 7

130 00 Praha 3
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Rtg. snimek hrudniku, patefe a panve pacienta s tézkou formou metatropické dysplazie ve véku 7 let.
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ZPRAVY e NEWS

ZIVOTNI JUBILEA
ANNIVERSARIES

PrOF. MUDR. C. PovySiL, DRSc.
- Sedesatilety

Je nepochybné, Ze pfi praci, kterou
Clovék déla se zaujetim, ubiha cas jako
voda, ale Sedesitiny jsou i u muze v plné
tvurdi sile vyroci, u kterého je tfeba se poza-
stavit.

Profesor Povysil se narodil 10. 3. 1943
v Praze, v rodiné s vyznacnou sokolskou
tradici a v mladi sam uspéSné aktivné
sportoval - patfil k republikové doroste-
necké Spic¢ce ve sportovni gymnastice:
Pozdéji vSak mezi jeho zajmy jednoznacné
prevladla medicina. JiZ za studia na FVL pra-
coval jako pomocna védecki sila a potom
jako asistent na Anatomickém ustavu. Po
promoci v roce 1966 uvazoval, zda by se
nemél vénovat klinickému oboru. Ve svém
rozhodovani byl jisté zcasti ovlivnén
manzelkou Vierou, také lékafkou, kterd zacala pracovat na Ustavu patologické anatomie FDL
UK. Posléze se rozhodl nastoupit jako sekundarni 1ékaf a po absolvovani vojenské sluzby
jako asistent na II. patologickoanatomickém ustavu FVL UK v Praze. Veden svou zasadovosti
projevil v roce 1970 nesouhlas s okupaci republiky, coz mélo za nasledek ¢asové komplikace
v jeho profesnim vyvoji. Proto mohl teprve v roce 1979 obhdjit kandidatskou disertacni
prici zaméfenou na problematiku granulomat6znich zanétli urogenitalniho traktu, ackoliv
néktera jeho pozorovani, zejména tykajici se xantogranulomatozni pyelonefritidy a sper-
matickych granulomt nadvarlete, byla svétové prioritni. Také az po odkladech byl v roce
1988 jmenovan docentem pro obor patologicka anatomie a t€hoZ roku obhajil doktorskou
disertaci, tykajici se nadoru kosti a kloubti.

V roce 1989 byl povéfen vedenim II. patologickoanatomického tustavu 1. LF UK a VEN
a po jmenovani profesorem v roce 1990 také ustanoven vedoucim tohoto uUstavu: BEhem
kratké doby se mu podafilo prebudovat nékteré laboratofe, zmodernizovat imunohisto-
chemickou a cytologickou diagnostiku, zavést histomorfometrii a metodiku FISH pro
molekulirné biologickou diagnostiku nadort. Velkou mérou pfispé€l i k rozvoji obrazové
analyzy. Ustav byl tedy pomérné dobfe konsolidovan. Na 1. LF a VEN vsak jiz delsi dobu
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probihd spojovani klinik a Gstava a v roce 2000 postihl tento osud i oba astavy patologie.
Prof. Povysil byl jmenovin vedoucim slouc¢eného pracovisté - Ustavu patologie - za jeho
sidlo byla uré¢ena budova Hlavova tstavu: Udél ,modernizitora“ tedy pokracuje a v soucas-
né dobé probiha rekonstrukce tak, aby spojeni obou pracovist bylo mozné pii zachovani
kvantity i kvality vS§ech druht vykondvanych ¢innosti. Osobnost prof. Povysila jako odborni-
ka, ucitele a védce charakterizuje kromé¢ jin€ho veliky rozsah znalosti a mimofadny organi-
zacni talent. Jeho schopnosti jako histopatologa jsou dokladem ndzora J. E. Purkyné na
mikroskopovanti: I kdyZ je oko co nejlépe konstituovano, patfi prece jen k mikroskopii pod-
statné pohotovost a uméni - ano talent - vidét, vlastni pohled. Nestaci jen vidét, je nutno se
i divat, ze smyslové danych elementd se musi vytvofit subjektivni Zivy nazor, jenZ neni jen
véci jednoho smyslu, nybrZz celé duSevni schopnosti, celého c¢lovéka, se vSemi jeho vlast-
nostmi“. O téchto schopnostech a ochoté je sdilet a poradit s problematickymi diagnézami
se denné presvédcuji nejen vsichni jeho spolupracovnici, ale i patologové z jinych praco-
vist, kterym neziStné poskytuje konzultace.

V roce 1991 byl prof. Povysil na zakladé konkurzniho fizeni povéfen vedenim Katedry
patologické anatomie IPVZ. Jeho pfic¢inénim byla pozménéna organizace postgraduilniho
studia a byla zfizena detaSovana pracovisté na jinych univerzitnich astavech. Vyuky se tedy

ucastni odbornici z celé republiky: Kromé pribézného Skoleni pred 1. a 2. atestaci pofada
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katedra pravidelné tydenni a také jednodenni doSkolovaci kurzy na rtizna témata. Sou-
stavnym doskolovanim se rovnéz zvySuje uroven cytodiagnostiky na patologickych i kli-
nickych pracovistich a prubézné se upravuji podminky cytologické diagnostiky v souladu
s mezinarodnimi standardy.

V popredi védeckovyzkumné c¢innosti prof. Povysila stoji jiz fadu let zajem o patologii
chorob pohybového ustroji a mékkych tkini. Jejim vysledkem je fada publikaci, z nichZ je
na prvnim misté tfeba uvést monografie: Histopathology and ultrastructure of tumours and
tumour like lesions of bone (Acta Universitatis Carolinae) a Kostni nadory (Avicenum). Vy-
znamna je také spolutic¢ast na druhém vydani Mezinarodni klasifikace nadorti kosti WHO,
k niZ byl pfizvan tehdej$im hlavnim editorem prof. Schayowitzem. Avsak i fada dalsich pub-
likaci je mezinarodné¢ prioritnich. Tykaji se selektivnhiho poSkozeni endotelii varlete kad-
miem, prikazu myofibroblastl v osifikujici myozitidé nebo rohovéni v synovidlnim sarko-
mu. Podafilo se mu prokazat aktivitu NSE v osteoblastech a pfitomnost svalového aktinu
v chondrogennich nadorech i pozitivitu CD68 v tzv. mekoniovych téliscich enterocyti. Jako
prvni popsal parachordom kosti, svétlobunécnou variantu osteosarkomu a plexiformni
maligni fibrézni histiocytom kosti. V soucasné dobé€ se ucastni feSeni n€kolika grantovych
projektu.

NOS
DECANUS PRIMAE FACULTATIS MEDICAE
UNIVERSITATIS CAROLINAE PRAGENSIS
THARTAM MEMORIALEM
AD SOLEMNES OCCASIONES EDITAM
EXCELLENTISSIMO DOMINO

frot, MIDx: Ctribor Pay’.s’t[, Drde.

TRIBUIMUS
MERITA EIUS PRAECLARA
DE FAGULTATE MEDICA
ET DE PROGRESSIONE DOCTRINARUM
ET ARTIUM AD MEDICINAM
SPECTANTIUM COMMEMORANTES

10. 3.2003

PRAGAE

i,
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Celkova publikacni ¢innost prof. Povysila je tctyhodna. Sim nebo ve spolupraci pub-
likoval 8. monografii, 1 skripta, 140 ¢lankt v odbornych ¢asopisech (domdcich i zahranic¢-
nich), 80 abstrakt ve sbornicich. Mél 370 prednasek na kongresech a sjezdech. Za tuto ¢in-
nost ziskal fadu ocenéni (Cena Spolec¢nosti ceskych patologii 2x, Cena Urologické
spolec¢nosti J. E. P, Cena predsednictva CLS J.E.P, Cena Avicena, Cena rektora UK, Cena nakla-
datelstvi Grada).

posluchacu velmi obliben, nebot pfednasi srozumitelné a nizorné, vysoce odborné a pfitom
s pochopenim pro moznosti studentu III. ro¢niku: Z" tohoto davodu jsou také jeho pred-
nasky bohaté navstévoviny a vysoce hodnoceny i poté, co né€ktefi ze studentu u zkousky
neuspéji.

Profesor Povysil je ¢lenem European Society of Pathology, International Academy of
Cytology a vybérovych organizaci - International Skeletal Society a Arbeits -gemeinschaft
Knochentumoren. Od r. 1988 je ¢lenem vyboru Spolec¢nosti patologt, dvakrit byl zvolen
mistopredsedou, v letech 1994-1997 predsedou. V této dobé se zejména zaslouzil o dobré
ohodnoceni prace patologu pfi pfechodu na bodovy systém a také o rozvoj cytopatologické
diagnostiky. Byl prfedsedou komise pro udéleni titulu doktor véd v oboru patologie. Je cle-
nem VR IGA MZ CR a ¢lenem poradni skupiny MZ CR pro patologii. Dile piisobi v nékolika
redakc¢nich radach odbornych casopisu.

Vzhledem k rozsihlym znalostem v osteopatologii byl pfizvin Kancelafi prezidenta
republiky, aby se podilel na vyzkumu kosternich poziistatka vyznamnych osobnosti nasich
déjin, ktery vede prof. dr. E. Vi¢ek, DrSc. V pfipadé kralt Vladislava Pohrobka, Jifika
z Podébrad a sv. Ivana byly zjiStény dosud neznamé nalezy, které prispély k objasnéni jejich
zdravotniho stavu.

Kdyz se podivame na vycet profesnich aktivit prof. Povysila mohlo by se zdit, Ze mu na
daldi zijmy nemuze zbyvat ¢as. Neni tomu tak. Rad chodi do divadla, na koncerty a na vys-
tavy, zejména obrazu - to asi souvisi s jeho kreslifskym nadinim. Nyni uz pfili§ nesportuje,
ale kdyZ je pfrilezitost, rad si zatanci. Ve volnych chvilich se vénuje rodin€, nyni zejména
vnukovi a dvéma vnuckam, o které ho obohatily jeho dvé dcery, také 1ékarky.

Do daldich let pfejeme milému jubilantovi hodné zdravi a energie k uspésnému
dokonceni zapocatého dila, zejména dobudovini Ustavu patologie, ale i pro vychovu dalsich
studentt a patologu a v neposledni fad€ k pokrac¢ovani v aspésné védecké aktivité.

Jménem pritel, spolupracovnikti a Zakt
Daniela Dukorkinova

Sedesité narozeniny jsou velmi vhodnou pfileZitosti, abych podékoval panu profesorovi
Ctiboru Povysilovi za 25 letou spoluprici v oblasti patologie pohybového aparitu. Kromé
jiz zminénych védeckych objevil a zaméfeni na nidory pohybového aparitu bych rad upo-
zornil na jeho dal$i odborny konicek, a to na diagnostiku kostnich dysplazii. Tuto pro-
blematiku zaradil v poslednich letech i do doskolovacich kurzti IPVZ pro 1ékafe patology.
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Profesor Povysil pfispél napf. k prioritnimu popisu patognomonického obrazu histologic-
kého, histochemického a elektronmikroskopického v rustovych chrupavkach déti s dia-
strofickou dysplazii, metatropickou dysplazii, synovidlnich zmén u pacientti s pachyder-
moperiostézou aj. Popsal tzv. ,woven bone“ v Kkostnich regeneritech prodluZovanych
dlouhych kosti a ve vzorcich ziskanych pfi ortopedickém operacnim léceni c¢astecnych
aplazii, napf. u komplexu femur-fibul-ulna ¢i proximalni femorilni fokalni deficience. Vy-
znamnd byla i jeho precisni vySetfeni histologickd a kvantitativni histomorfometricka
u skupiny déti s osteogenesis imperfecta 1écenych kalcitoninem, kde byl studovan objem
trabekularni kosti, objem osteoidni tkané a Sifka kortikalis.

Profesor Povysil byl jednim ze zfizovatelu a ¢lend organiza¢niho vyboru ,Nadace pro
déti s vadami pohybového aparatu® v letech 1991-1993. Byl téZ iniciatorem vzniku nového
mezioborového casopisu ,Pohybové ustroji - pokroky ve vyzkumu, diagnostice a terapii“ ,
ktery vychazi jiz od roku 1994 - od zacatku existence ¢asopisu je Clenem redak¢ni rady.

Jak jménem redak¢éni rady casopisu, tak osobné Ti, mily Borku, upfimné pfeji do
dalsich let pevné zdravi, spokojenost v kruhu Tvé rodiny, dal$i aspéchy ve védecké praci
a trpélivost pfi veSkerych Tvych aktivitach, tykajicich se modernizace nového pracovisté
v Hlavové tstavu, ale i pregradudlni vyuky a postgraduilniho vzdélavani kolegt v zakladnim
oboru mediciny, kterym patologickd anatomie bezesporu je.

MUDr. Ivo Maisik, CSc.

vedouci redaktor

pfedseda ,Spolecnosti pro pojivové tkané*“
Olsanska 7

130 00 Praha 3

Tel./FAX: 222 582 214

E-mail: ambul_centrum@volny.cz
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ProOF. ToMAsz KArski MD, PHD -
65 YEARS

Prof. Tomasz Karski MD, PhD was born on 2" Ja-
nuary 1939. In the years 1956-1963 he studied at
Medical Academy in Lublin. He received medical doc-
tor degree in 1963. During his studies he worked for
3 years in Students Scientific Orthopaedic Association
and later after graduation begun his orthopaedic
career.

In 1967 and than in 1971 he passed degrees in
orthopaedics, orthopaedic surgery and traumatology of
movement apparatus. In 1972 and in 1982 he passed
consecutive degrees to receive PhD degree and later
assistant professor title. In 1993 he was awarded pro-
fessor title.

Since 1% October 1995 he is Head of University Pediatric Orthopaedic and Rehabilita-
tion Department of Skubiszewski Medical University in Lublin/Poland, in the biggest Pedi-
atric Hospital in Eastern Poland (DSK in Lublin).

He is member of Polish Orthopaedic and Traumatologic Association (PTOiTr) since
1963. For 12 consecutive years he was elected Secretary of Lublin Branch of Polish
Orthopaedic and Traumatologic Association, for 4 years he was Vice-President of the Section
and for 4 years President of the Section. Prof. Karski works in Editorial Board of Polish Hand
Surgery, of Journal of Paediatric Orthopaedics part-B, of Biblioteka Ortopedii Dziecigcej
(Pediatric Orthopaedics Library) and of Journal Locomotor System - ,Pohybové ustroji“. He
is member of EPOS since 1985 and of Société Internationale de Chirurgie Orthopédique
et de Traumatologie (SICOT) since 2002.

Scholarships: Neuruppin (Germany) 1965, 1966, 1967; DAAD - Heidelberg and Essen
(Germany) 1972-1973; Heinola, Helsinki (Finland) 1978, 1979, 1984; Budapest (Hungary)
1979; Berlin (Germany) 1970, 1973, 1996; Leipzig (Germany) 1972; Paris (France) 1973;
Debrecen (Hungary) 1976, 2001; Lund, Eskilstuna (Sweden) 1977; Langensteinbach (Ger-
many) 1973;Oslo (Norway) 1981; London (England) 1987,1997;Amsterdam (Holland) 1988;
Stolzalpe/Murau (Austria) 1989; Florence (Italy) 1989; Ljubliana (Slovenia) 1989; Copen-
hagen (Denmark) 1998; Szeged (Hungary) 1998; Wien (Austria) 2000; Brakel (Germany)
2001; Praha (Czech Republic) 2001, 2003; Bratislava (Slovakia) 1963, 1999, 2000, 2001, 2002,
2003, 2004.

The most important scientific discoveries include: introduction of the so-called ,Lublin
hip retention method* (pl. ,,doreponowanie*) which can be introduced in cases of difficul-
ty and tendency for reluxation of the bip. The method enables non-operative treatment at
many children who would have been operated in the past. Thanks to this methods the
Lublin Pediatric Orthopaedic Department is the only Clinic in Poland where the repositio
simplex has been totally abandoned. Due to introduction of functional, abduction, non-oper-
ative treatment of DDH at older children was made possible. Professor Karski initiated tor-
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sion-stretching treatment of forticollis at children which proved to be the only effective way
of non-operative treatment. He described patomechanism of development of crus varum in
Blount disease published in Orthopidische Praxis. The new treatment of this deformity pro-
tects many children from operations. Professor Karski introduced new rebabilitation exer-
cises for children with inefficiency of gluteus muscles and muscles stabilizing pelvic bone,
the so-called ,abduction from abduction“. Efficacy of these exercises has been confirmed
by research conducted by Polish Scientific Academy (PAN).

Professor Tomasz Karski described the etiopathogenesis of the so-called idiopathic sco-
liosis (1995) and is the author of new rehabilitation treatment. In the year 2001 he
described two etiopathogenetic groups (I-st and II-nd) of development of scoliosis - which
prove to be crucial for prophylaxis, treatment and outcome. Lublin method has been con-
firmed by many departments in Poland but also in Europe,America and Asia. Prof. Karski has
published his findings in numerous polish and foreign publications and also in three books
on scoliosis (2000,2002,2003). His ideas has been published by International Research Soci-
ety for Spinal Deformities - IRSSD in 2002 and presented during SICOT Congress in Cairo /
Egypt in 2003.

Professor Tomasz Karski was 30 times awarded by the Rector of Skubiszewski Medial
University of Lublin for his scientific and didactic work. He received three times awards
from the Ministry of Health of Poland (1975, 1986, 1993). He was awarded with medals:
. Przyjaciel Dziecka“ (78t.), ,Medal Pamigtkowy Szescdziesigciolecia TPD“ and ,Migdzy-
narodowego Roku Dziecka“ (79r.), Zlota Odznake TWK (84r.), Zloty Krzyz Zaslugi (87r.),
Medal im. dr Henryka Jordana (2000r.) and Krzyz Kawalerski Polonia Restituta (2000r.).
Since 1996 he is Honorary Member of Hungarian and since 2003 of Slovak Orthopaedic
Society. In 2003 he was distinguished by International Biographical Centre Cambridge,
England as ,Outstanding Intellectual of the 21% Century“ and by American Biographical
Institute as ,Great Mind of the 215 Century*“. He was also appointed to IBC Research Coun-
cil - 2003. He received also ,Lifetime of Scientific Achievement Award* (31 May 2003),
JInternational Order of Merit“ (17™ October 2003). Nomination to , The First Five Hundred
- A new Edition, a new Beginning“ of /BC, Cambridge (30™ May 2003) the nomination of
,Leading Intellectuals of the Word 2002-2003“ (17™ October 2003), ABI ,Hall of Fame*
(24™ February 2004), ,American Medal of Honor* (1%t March 2004), ,Order of Internation-
al Ambassadors® of ABI (26 March 2004) and IBC ,Greatest Intellectuals of the 215 Cen-
tury“ (20" February 2004), nominated for ,Research Board of Advisors of Contemporary
Who's Who* of ABI (February 2004), Individual Awards ,Recognizing Outstanding Intellec-
tuals of The 215 Century“ of IBC, ,The First Five Hundred“ of IBC (5" March 2004) and
»,The Order of International Fellowship“ a7t April 2004).

Professor Tomasz Karski is the author of 7 original orthopaedic devices. He is author or
co-author of 310 publications in medical literature and is the author of 5 books. In 2003 he
celebrated 40" anniversary of medical activities.

Family - Wife: Prof. Maria Karska MD, PhD was Professor of pediatrics - she died on 19t
April 2002.Two children: son Jacek Karski MD (orthopaedic surgeon) and daughter Katarzyna
Karska-Menet MA (English language lecturer). Prof. Karski has three granddaughters.

Hobbies - music, foreign languages, astronomy, trekking in mountains and at seaside.
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Pan professor Tomasz Karski, MD, PhD se ztcastnil v Praze dvou sympozii (The Sympo-
sium ,Locomotor System Disorders - biomechanical aspects of the treatment in childhood*
v roce 2001 aThe 4th Prague-Sydney Symposia ,Diagnostics and Conservative Treatment of
Congenital and Acquired Locomotor Apparatus Defects“ v roce 2003), kde se prezentoval se
svymi védecky ovéfenymi poznatky v oblasti etiopatogeneze, v€asné diagnostiky, prevence
a léceni tzv. idiopatické skoliozy pitefe. Podrobné rozebral tzv. levostranny syndrom
vrozenych kontraktur jako hlavni pficinu vyvoje idopatické skoliozy, klinicky obraz jed-
notlivych stadii vyvoje skoliozy, vliv kontraktur na vyvoj a rust ditéte vcetn€ jejich prevence
a terapie. Nékteré své puvodni poznatky publikoval i v c¢asopisu ,Pohybové tstroji -
pokroky ve vyzkumu, diagnostice a terapii“. V roce 2002 byl navrZen a pfijat za ¢estného
Clena Editorial Board ¢asopisu.

Jménem redakéni rady ¢asopisu upiimné piejeme panu Prof. Dr. Med. T. Karskimu, PhD
pevné zdravi, Sté€sti a spokojenost v kruhu rodiny a dalsi aspéchy na poli détské ortopedie.

MUDr. Ivo Marik, CSc.

vedouci redaktor

predseda ,Spolecnosti pro pojivové tkané“
Olsanska 7

130 00 Praha 3

Tel./FAX: 222 582 214

E-mail: ambul_centrum@volny.cz

zleva Ass. Prof. Dr. Jacques
Cheneau, Saint Orens,
France, MUDr. Ivo Marik,
CSc., Prof. Dr. Med. Tomasz
Karsi, PhD.
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Doc. DR. Mep. KAaziMIERZ S. KozLOowskl, M.R.A.C.R. - 75 LET

Pan docent Kazimierz S. Kozlowski se narodil v Poznani v Polsku v roce 1928, kde vy-
studoval medicinu a rozhodl se vénovat radiologii. Diky sponzorstvi Rockefellerovy nadace
se dostal na pracovisté détské radiologie na Kolumbijské université¢ v New Yorku, kde pra-
coval pod vedenim profesora Johna P. Caffeyho. Od roku 1966 byl pfednostou radiologic-
kého oddéleni v Americké nemocnici pro vyzkum v Krakowé. Od roku 1969 zaujimal stejny
post na Détské klinice v Poznani. Po dvou letech vSak emigroval do Sydney v Australii, kde
byl viele pfijat na radiologickém pracovisti v Royal Alexandra Hospital for Children.V této
nemocnici puasobil vice nez 20 let v postaveni konsultanta détské radiologie. Dosud i jako
diichodce pravidelné dochizi na své materfské pracoviSté, které se prestéhovalo z centra
Sydney do nového areialu ve Westmead (The Children's Hospital at Westmead).

Doc. Kozlowski je svétové znamy odbornik pfedevsim v diagnostice kostnich dysplazii
a kostnich tumorti u déti. Napsal nékolik monografii o této problematice, z nichZ nejzna-
vydana v letech 1984, 1995 a 2001) a , Primery bone Tumors and Tumorous Conditions in
Children - Pathologic and Radiologic Diagnosis“. Je jednim z autort PafiZzské nomen-
klatury konstitu¢nich kostnich chorob z roku 1969 a pozdéjsich jejich revizi z let 1977,1983
a 1992. Dodnes je zadanym konsultantem v oblasti diagnostiky kostnich chorob na praco-
vistich détské ortopedie, radiologie, 1ékarské genetiky a pediatrie v raznych statech svéta
napft. Polsko, Bulharsko, Madarsko, Slovensko, Tunis aj.

V Praze jsme jej poprvé privitali na seminafi porfadaném ortopedickou klinikou 2. LF UK
v Praze - Motole v 1ét€ roku 1993 a bliZe se s nim seznamili pfi jeho navstévé NsP v Kostel-
ci nad Cernymi lesy, kde byla zajistovina komplexni 1é¢ebnd rehabilitace déti se systé-
movymi, koncetinovymi, kombinovanymi vadami a neuroortopedickymi chorobami pro
celou CR (v letech 1991-2000). Od té doby je zvan kazdoro¢né€ do Prahy, kde se zucastiiu-
je diagnostickych konferenci (Case presentation conferences) poradanych Ambulantnim
centrem pro vady pohybového aparatu (Olsanskd 7, Praha 3), ale je zvan i na jind pracovisté
v Praze (napf. Klinika déti a dorostu 1. LF UK v Praze, odd€leni 1ékarské genetiky v Praze 2
aj.). Pan doc. Kozlowski béhem svych kritkych pobyta v Praze, kromé tradi¢nich velmi zaji-
mavych pfednaSek o nové definovanych nebo raritné se vyskytujicich nosologickych jed-
notkich se aktivné zacastnil i nékolika konferenci a symposii v CR. Napiiklad v roce 1995
prednisel na 33. kolokviu o pojivu v Nebfichu na Slapské prehradé, v roce 1999 se zucast-
nil Mezinarodniho kongresu Dr. AleSe Hrdlicky v Praze a Humpolci, kde byl jednim
z predsedajicich symposia ,Defekty pohybového aparatu®.

Od roku 1997 se stal ¢lenem redak¢ni rady casopisu ,Pohybové ustroji - pokroky ve
vyzkumu, diagnostice a terapii“, kde uverejnil i n€kolik zajimavych ptvodnich praci. Jeho
zasluhou se uskutecnilo v Praze v roce 2000 poprvé The Prague-Sydney Symposium (na
pudé Katedry antropologie a genetiky ¢lovéka, PfF UK v Praze, jejimZ pfednostou v té dobé
byl pan doc. RNDr. I. Mazura, CSc.) a od té doby se kazdoro¢né opakuje. Ctvrtého Prague-
Sydney Symposia v roce 2003 se krom¢ docenta Kozlowskiho zucastnili profesor Dr. Med.
Tomasz Karski, M.D. z Lublinu a asistent profesor Docteur Jacques Cheneau ze Saint Orens.
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Z nasi mnohaleté spoluprace a diagnostickych konferenci se zakonité zrodilo i nékolik
publikaci uvefejnénych v zahrani¢nich a domacich periodicich. Z poslednich praci je
uzninim nasi spolec¢né price uvefejnéni nové nosologické jednotky nazvané Ceski kostni
dysplazie, metatarsilni typ ve dvou impaktovanych casopisech. Obé ptivodni priace byly
zafazeny i do ,London Dysmorphology & Neurogenetics Databases“ a ,POSSUM Project®.

Jménem redak¢ni rady casopisu ,Pohybové ustroji - pokroky ve vyzkumu, diagnos-
tice a terapii“ prejeme upiimné panu doc. Dr. Med. K. Kozlowskimu stilé zdravi, spoko-
jenost v kruhu rodiny, mnoho radosti z malé vaucky a jesté dalsi uspéchy na poli diagnos-
tiky vrozenych vad pohybového aparatu, coz ocenuji pfedevsim rodice postizenych déti, ale
i my specialisté raznych lékafskych obort.

MUDr. Ivo Marik, CSc.

vedouci Ambulantniho centra pro vady pohybového aparatu v Praze

vedouci redaktor ¢asopisu ,Pohybové Gstroji - pokroky ve vyzkumu, diagnostice a terapii*
predseda ,Spolecnosti pro pojivové tkané“

OlSanska 7

130 00 Praha 3

Tel./Fax: 222 582 214

E-mail: ambul_centrum@volny.cz

Doc. Dr. Med. Kazimierz S. Kozlowski (vlevo) a MUDr. Ivo Marik, CSc.
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Kazimierz S. Koslowski Polish paediatric radiologist, born June 6, 1928, Poznan. Asso-
ciated eponyms: Polish paediatric radiologist, born June 6, 1928, Poznan. His name is also
spelled Koslowsky. Biography:Kazimierz S. Koslowski qualified in medicine at the Universi-
ty of Poznan in 1952. His main field of interest was in radiology, and in 1958, on a Rocke-
feller Foundation fellowship, he worked in paediatric radiology under professor John P. Caf-
fey (1895-1978) at the Columbia University, New York. He obtained his doctorate in 1963
and qualified as a lecturer (docent) at Warsaw Medical School in 1965.From 1966 Koslow-
ski was director of radiology at the American Research Hospital in Krakow. In 1969 he
moved to a similar post at the Paediatric Institute in Poznan, but already two years later he
emigrated to Sydney,Australia, where he became radiologist at the Royal Alexandra Hospital
for Children.
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PLACENA INZERCE
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barevné . ................ 5.000,-

Uvnitf sesitu Cernobile . .. ... 3.000,-

Format A5 — ¢tvrtstrana (59 x 90 mm)

Vnitini strana obalky
barevné ................. 3.000,-

Uvnitf seSitu ¢ernobile . ... .. 1.800,-

Pfi opakovaném vydani a uvefejnéni vice inzerdtti moznost slevy po dohodé s vydavatelem
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OBRAZEK NA TITULNI STRANE CASOPISU

Charakteristické plné vyjadiené RTG piiznaky Pseudoachondroplazie, biomechan-
icky zavazné, zpravidla autosomalné dominantné dédi¢né, spondyloepi(meta)fyzarni kostni
dysplazie (KD). Jedna se o raritné se vyskytujici (6 : 1 000 000) KD s kritkymi koncetinami
a relativn€ dlouhym trupem, kterou P. Maroteaux a M. Lamy vyclenili ze skupiny spondy-
loepifyzarnich dysplazii v roce 1959.

Vlevo na obrazku je rentgenogram ruky, kycelniho, kolenniho kloubu a bederni patefe
ditéte predskolniho véku s ndpadnou dysplastickou osifikaci hlavic femura, retardaci osi-
fikace, kratkymi metakarpy a falangami a téZkymi dysplastickymi zménami obratlovych tél,
epifyz a metafyz - tyto zmény je mozné hodnotit pouze v obdobi rustu, kdy jsou epityzy
a metafyzy dlouhych kosti odd€leny riistovymi chrupavkami.

Uprostied a vpravo na obrizku jsou velmi tézké deformity patefe (skolidza 4. stupné dle
Cobba a gibbus v dusledku klinovitého téla obratle Th 12), Madelungova deformita distal-
niho pfedlokti a subluxace kycelniho kloubu s defektnim vyvojem krcku i hlavice femuru
a acetabula dospé€lého pacienta. U vSech spondyloepi(meta)fyzarnich KD je nutno cilenym
radiologickym vySetfenim zhodnotit vyvoj dens epistrophei, protoZe jeho moznia hypo-
nebo aplazie miiZze spolu s hyperlaxicitou ligament byt pficinou atlantoaxilni instability

s moznym dusledkem netplné ¢i aplné pricné 1éze misni.
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Obr. 2: Stoj na jedné noze s maximalnim zatizenim paty (pfi zachovani plného kontaktu)
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Obr. 3: Stoj na levé noze s maximalnim zatiZenim paty (pfi zachovini plného kontaktu)
balan¢ni pohyby nohy jsou nahrazeny pohyby pazi a/nebo trupu
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Obr. 4: Stoj na pravé noze s maximalnim zatizenim paty (pfi zachovani plného kontaktu)
balan¢ni pohyby nohy jsou nahrazeny pohyby paZi a/nebo trupu

234 LOCOMOTOR SYSTEM vol. 10,2003, No. 3+4



z v

20 -
18 —

20 -

260 — 19 —

20 -
20 —

Scm
.

20 -

oo
23 -

20 -

92 T 1 1 1 1 1 1 1 1 1 1 24 -

ar' @b ah mb b sh mb wmb b b b

5o
o 11 1 )
52.1 51.0 4.0

. -

e

e

.

e

R T R N S R S R R I [ R R S R S 3 4 k) B & 4 5

Obr. 6: Stoj na levé noze s maximalnim zatiZenim predonoZi (pfi zachovani plného kontaktu)
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Obr. 9: Pronace/everze zanozi pii flexi v kolennim kloubu v CKC. Pantovy model funkce sub-
taldrniho kloubu dle Inmana.
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osa subtalarniho kloubu ST zénartniho Kloubu

Obr. 10: Osy zanozi
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Obr. 11: Kvazistaticky stoj (princip obraceného kyvadla) a vztah COP a COG

plocha kontaktu AC - plocha kontaku mezi ploskou a podlozkou
opérny ,bod“ SP - ¢ast plosky slouZici jako ,pfenaSec sily
opérna plocha AS - ¢ast AC vyty¢ena opérnymi body
opérna baze BS - c¢ast podlozky vyty¢ena opérnymi body

STARY KONCEPT NOVY KONCEPT

Poznamka k AC
Systém Footscan
nezobrazuje
oblasti s velmi
malym tlakem

Obr. 12: Revidovany koncept opérné plochy a opérné baze
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Poznamka k AC
Systém Footscan
nezobrazuje
oblasti s velmi
malym tlakem

Obr. 13: Revidovany koncept opérné plochy a opérné baze
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Dynamicka korekcni DKTO
trupova ortéza typ Cerny

Dynamicka korekéni trupova ortéza typ Cerny je novy originalni typ trupové ortézy,
kterd se pouziva pro 1é¢eni deformit patefe v roving frontalni i sagitalni. Uéinng
ovliviiuje hrudni kiivky, klasifikované podle Kinga (s vyhodou King III a II, ¢asto i
King I a V). Ma srovnatelnou korekéni uéinnost s rutinné uzivanymi rigidnimi
ortézami. Navic dovoluje v dostate¢ném rozsahu inklinace patete v torakolumbalni a
lumbalni krajing, kde se dosahuje vysoké korekce pfi tklonu do konvexity kiivky,
coz se vyuziva pri aktivni rehabilitaci a polohovani. Omezeny rozsah pohybu je
mozny i do flexe a extenze patere.

Vyhody: srovnatelna korekce s klasickou ortézou typu Cheneau u flexibilnich
omezuje pii kazdodennich aktivitach, nedochazi k vyrazné hypotrofii trupového
svalstva a ztuhnuti patere.

Nevyhody: vyssi naroky na vyrobu a udrzbu ortézy. Dynamicka korekéni trupova
ortéza typ Cerny umoziiuje spojeni fyzioterapeutickych prvki béhem kazdodenni
¢innosti s biomechanicky t¢innym ortotickym piisobenim na patologické zakiiveni
patere, coz nastoluje idealni podminky pro intenzivni remodelaci celého osového
skeletu.

www.ortotika.cz ortotika@ortotika.cz

. Truhlarska 8, 110 00 Praha 1,
Or1'©'|'| ka... tel./fax: (+420) 222 31 47 60






1O, OSTRAVA

HANDICAP COHNSEIL

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

ZAJISTUJE
odbornou lékatskou ortopedicko-protetickou péci
informacni servis pro odbornou vefejnost
ndaslednou péci pro klienty (socidlni poradenstvi, architektonické feSeni bariér)

FCP ortézy - Fibre de carbone PROTEOR
ORTEZY NOVE GENERACE

individualné zhotovené uhlikové ortézy nahrazujici tézsi koncetinové piistroje
vhodné u pacientt s chabou parézou dolnich koncetin a instabilitou kloubt

PRACOVISTE OSTRAVA
U Parku 2, 702 00 Ostrava 1, telefon: 596 139 295, 596 139 297, fax: 596 139 264
e-mail: ostrava@too.cz, http://www.too.cz

PRACOVISTE OLOMOUC
Mosnerova 1, 779 00 Olomouc, telefon/fax: 585 414 776, 585 414 823
e-mail: olomouc@too.cz, http://www.too.cz




