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SOUBORNY REFERAT *

REVIEW

INHERITED CONNECTIVE TISSUE DISORDERS:
25 YEARS OF RESEARCH EXPERIENCE IN PAVIA

G. CETTA, R. TENNI, G. ZANABONI, M. VALLI,
A. ROSSI, A. FORLINO, R. PIAZZA, K.M. DYNE

Department of Biochemistry "A.Catellani*, University of Pavia, Italy

This paper is the report of a lecture
given at the VIth Conference on
Osteoarthritis and Osteoporosis organized
by the Society for Connective Tissue
Research and Application, held in Prague in
November 1999. It does not deal directly
with common multifactorial pathologies
involving the connective tissue matrix such
as Osteoarthritis and Osteoporosis, but
mainly deals with collagens, the most
abundant proteins in the connective tissue
extracellular matrix. Collagens are
involved in the aforementioned disorders,
not only because of disease induced
alterations to the extracellular matrix, but
also because collagen mutations may be at
the origin of these conditions. In fact,
according to Darwin Prockop (24)
"mutations in genes for type | procollagen
have been found in about 1 to 2 % of
patients with osteoporosis and mutations in
the gene for type Il procollagen have been
found in about 1 to 2 % of patients with
early onset osteoarthritis”. This means that
some patients with osteoarthritis or
osteoporosis could harbour collagen
defects.

Studies of inherited connective tissue
diseases performed in our laboratory also
involve other non collageneous
components, i.e. proteins not present in the

extracellular matrix, for example fibrillin
or sulfate transporters and enzymes
involved in protein metabolism, such as
prolidase.

Collagen molecules are able to self-
assemble to form fibrils and fibers as long
as certain conditions are met: the triple
helix domain is characterized by the
presence of tripeptide repeats (Gly-Xaa-
Yaa), with glycine residues occurring every
third aminoacid in each chain. Xaa is often
proline and Yaa, hydroxyproline. In
osteoporosis or early onset osteoarthritis,
possible mutations not involving a codon
for obligate glycine residues are
compatible with an apparently normal
zipper-like folding of triple helix as well as
a normal self-assembly of the protein into
fibers. They do not significantly change the
mechanical properties of collagen.
However, small structural defects in the
triple helix caused by such mutations which
could compromise collagen-collagen or
collagen-extracellular matrix interactions
are enough to reduce collagen resistence
and to alter the mechanical properties of
tissues during an individual's lifetime.

Osteogenesis Imperfecta
At the Department of Biochemistry,
University of Pavia we have carried out
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extensive studies on Osteogenesis
Imperfecta (Ol ) for anumber of years. This
disease is an autosomal dominant
connective tissue disorder characterized by
extremely high bone fragility (brittle bone
disease of children). It shows a wide range
of clinical phenotypes ranging from mild to
lethal.

In 1979 David Sillence proposed
classification of the disorder into four
different types (Ol types I to IV) (29) from a
lethal prenatal form to another with mild
bone fragility, with more or less severe
forms in between. Apart from bone
fragility, other characteristic symptoms
include: bone deformity, precocious
hearing loss, blue scleraand dentinogenesis
imperfecta.

Ol is generally caused by mutations in
either one of the two genes (COL1A1 or
COL1A2) coding, respectively, for the 1
and 2 chains of type | collagen, the main
protein component of bone, skin and
tendon.

Patients with the mildest phenotype
(Ol type 1) typically have blue sclera and
fracture their bones more easily during
childhood but generally there is little or no
bone deformity. Hearing loss has been
reported in 50 % of the patients, whereas
dentinogenesis imperfecta is extremely
rare. Cultured skin fibroblasts from such
patients show a decreased type | to type IlI
collagen ratio and it has been demonstrated
(33) that most of these patients have a non-
functional or null collagen allele resulting
in a reduced tissue content of type |
collagen. Individuals with Ol | and
dentinogenesis imperfecta belong to a rare
subset (type | B) of patients and it has been
demonstrated that this form of Ol is caused
by multiexon deletions in the 5' region of
the genes.

Moderately severe type IV Ol, the
severe type 111 Ol and the lethal type Il Ol
are caused by qualitative defects in
collagen genes. The most common
mutations are glycine substitutions in the
triple helical domain, but exon-skipping,
deletions and insertions have also been
reported. Type IV Ol presents mild to
moderate skeletal deformity, normal or
grayish sclera, and variable short stature.
Dentinogenesis imperfecta and premature
hearing loss are common.

Type I11 Ol is asevere, non-lethal form,
recognized at birth because of the patient's
short stature, large head, triangular facies
and deformities resulting from in utero
fractures. X-ray at birth generally
demonstrates undermineralized calvarium
and Wormian bones, thin, gracile ribs,
gracile long bones with evidence of
fractures and healing. Short, grotesque,
bent and bowed femurs, as well as
generalized osteopenia, are frequent. If not
present at birth, long bone deformitity,
fractures with minimal trauma and
kyphoscoliosis become apparent during the
first years of life. Scleral hue is usually pale
blue, fading with age. This form of Ol is the
progressive, deforming variety of Ol.

Type Il Ol is the perinatally lethal
form. Affected infants show severe
deformities of long bones with short
extremities and bowed legs, dwarfism with
a large head. Radiographic findings reveal
particularly shortened and crumpled
femurs, beaded ribs and decreased
calvarian mineralization. They usually die
in utero or in the perinatal period, death
generally being due to respiratory
insufficiency, congestive heart failure or
infection.

When we first started studying Ol the
cause of the disease was still unknown.
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Initially, we focused our attention on
investigating the changes in the tissues of
affected subjects and attempted therapy
that had been demonstrated to be effective
in an experimental disease affecting
connective tissue (5). Some of our patients
were treated with flavonoids (6). The
treatment appeared to work in that the
frequency of fractures was reduced but
objective evaluation of the results was
difficult. At that time, the involvement of
collagen metabolism in Ol was firstly
demonstrated by Penttinenn (23) and in
subsequent years the biochemical
heterogeneity of the disease was identified
.

The search for mutations in collagen
genes was pursued mainly by Darwin
Prockop and his coworkers, although other
groups were also working in this field; the
first mutations were only demonstrated in
the 1980s.

Analysis of collagen synthesized by
skin fibroblast cultures is a suitable way to
start investigating the biochemical defect
present in a patient's collagen. Biochemical
analysis of synthesized collagens by
denaturing SDS-PAGE can provide some
insight into the collagen defect, for
example it can show up certain quantitative
and qualitative abnormalities. If mutant 1
and 2 chains appear as a doublet or broad
band, bidimensional map of the CNBr
collagen peptides can help localize the
defect along the chains. Sequencing the
mutant allele in the suggested portion will
give information concerning the exact
nature of the mutation. However, in some
cases the Ol patient's collagen may
sometimes appear normal after screening
making it difficult to identify the molecular
defect as otherwise the whole of COL1A1
and COL1A2 would need to be sequenced.

In spite of the large (more than 200)
number of distinct mutations that have been
identified in Ol (17, 3, 8), the relationship
between molecular defect and clinical
outcome is still poorly understood. Two
models have been proposed (4, 20)
although few exceptions have been
reported for both of them. However, some
general predictions and correlations
between mutations and clinical phenotype
can be drawn. Mutations that only have a
quantitative effect i.e. those producing a
stop codon, which therefore prevent mutant
chains from being incorporated into the
triple helical region of the collagen
molecules, generally produce the mildest
phenotype. On the contrary, mutations that
allow mutant chains to participate in triple
helix formation and disrupt the crucial Gly-
X-Y repeat domain are more harmful
causing a variable degree of impairement of
secretion and extracellular matrix
deposition.

The severity of the phenotype depends,
to some extent, on the chain involved
[errors in al(l) cause more severe
symptoms than errors in a2(1)], and on the
location of the mutation along the triple
helical domain. In general, the degree of
severity is greater the closer the defect is to
the C-terminal end of the triple helix. It
appears also possible that hot spots along
the triple helix may exist where the
likelihood of a mutation occurring is more
probable or else where a mutation produces
more severe consequences than in other
regions.

Moreover, the extent of secretion of
both mutant and normal molecules into the
extracellular space and their possible
subsequent incorporation into fibers
certainly play important roles in
determining the phenotype.
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Fig.1. Typical electrophoretic pattern after SDS-
PAGE analysis of collagens synthesised by cultured
skin fibroblasts from normal and Ol patients.
Abnormal al(l) and a2(l) chains are generally
evident. A case of Ol type | whose collagen appears
quite normal is shown in lane 3 on the lefth.

Fig.2 Skin fibroblast cultures from normal subjects
and Ol patients whose mutations (indicated at the
bottom) have been demonstrated on the basis of
SDS-PAGE followed by bidimensional map of the
CNBr peptides in order to localize the mutation
along the triple helix.

Fig.3. SDS-PAGE analysis of collagens synthesised by cultured skin fibroblasts from normal and EDS patients.
Screening of collagens secreted into culture medium in pulse chase experiments shows type I11 collagen secretion
isdelayed. The type I11/type | collagen ratio appears significantly decreased in all EDS patients..
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Recent data suggest that other genes,
besides collagen genes, and the interaction
between mutant collagen and different
extracellular proteins could be responsible
for the severity of the outcome, so the
identification of the molecular defect is not
sufficient to explain the clincal
characteristic of Osteogenesis Imperfecta.

Our laboratory in Pavia has
collaborated closely with a group of
Molecular Biologists from the University
of Verona and we have been able to
demonstrate the molecular defect in about
twenty Ol patients (34, 35, 36, 38). All the
mutations we found had not been
previously reported, except for a
Gly922Ser, which had already been
demonstrated in two other unrelated
patients (11). This mutation enabled to
observe that the same molecular defect, and
also a similar extent of incorporation of the
mutant chains in the matrix produces a

similar clinical outcome. However, it is
noteworthy that very similar phenotypes
may show very different biochemical
pictures.

At present we provide a screening
service based on screening of collagens and
procollagens synthesized by cultured skin
fibroblasts in order to aid physicians
confirm the diagnosis of Osteogenesis
Imperfecta. Basic research is being carried
out regarding the problem of correlating
genotype to phenotype. Moreover a
member of our group has been worked on a
project at the National Institute of Health in
Bethesda, USA, involving the generation
of a Knock-in murine model for Ol and in
the develop of a new gene therapeutic trial
through the use of hammerhead ribozymes
(12).

Ehlers- Danlos syndrome
Ehlers-Danlos Syndrome (EDS) is

CLASSIFICATION OF EHLERS - DANLOS SYNDROME

Type Major clinical signs

Inheritance

Classical Type

Hyperextensible skin; atrophic scar;
joint hypermobility

Autosomal dominant

Hypermobility Type

Hyperextensible and velevet skin;
generalized joint hypermobility

Autosomal dominant

Vascular Type

Arterial, intestinal rupture; extensive
bruising; thin and translucent skin

Autosomal dominant

Kyphoskoliosis Type

Generalized joint hypermobility;
scoliosis at birth; scleral fragility

Autosomal recessive

Arthrochalasia Type

hip dislocation

Severe generalized joint
hypermobility; congenital bilateral

Autosomal dominant

Dermatosparaxis Type

Severe skin fragility; redundant skin

Autosomal recessive

Table 1. Ehlers Danlos classifications according Beigthton et al. (1).

POHYBOVE USTROJI, roénik 7, 2000, &. 4 229



Diagnostic criteria of Marfan syndrome

Skeletal

Major Minor
(presence of at least four of the following)

Pectus carinatum Joint hypermobility
Pectus excavatum requiring surgery High arched palate
Reduced upper-to lower segment ratio or Pectus excavatum
arm span-to-height ratio » 1,05 Dolichocephaly

Wrist and tumb signs

Scoliosis of > 20s or spondylolisthesis
Reduced extension at the elbows (< 170s)
Pes planus

Protusio acetabuli

Ocular

Major Minor
Ectopia lentis Flat cornea
Increased lenght of the globe

Cardiovascular

Major Minor
Dilation of ascending aorta Mitral valve prolapse
Dissection of ascending aorta Dilation or dissection of

the descending thoracic
or abdominal aorta below
age of 50 years

Dura
Lumbosacral dural ectasia

Table 2. The diagnosis of the Marfan syndrome was codified on the basis of revised clinical criteria (10). In
absence of genetic/family contribution, major criteria in at least two different organ system and involment of a
third organ system are necessary for a positive diagnosis.
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another disease involving connective
tissues. It is a heterogeneous group of
heritable disorders characterized by joint
hypermobility, skin extensibility and tissue
fragility. A recent paper (1) has proposed
classification of EDS into six major types
according to the cause of each type (table
1) namely: 1) classical type EDS (formerly
EDStypes|, I1), 2) hypermobility type EDS
(formerly EDS I111), 3) vascular type EDS
(EDS 1V), 4) kyphoscoliosis type EDS
(formerly EDS V1), 5) arthrochalasia type
EDS (EDS VIIA. VIIB), and 6)
dermatosparaxis type EDS (EDS VIIC).

One subtype of EDS, the
arthrochalasia type EDS, is caused by
mutations of type | collagen (17,30, 24)
leading to deficient processing of the
aminoterminal end of the procollagen a1(l)
(type A) or procollagen a2(l) (type B)
chains of type | collagen. The mutations
cause skipping of exon 6 with loss of the
cleavage site of the N-terminal propeptide
which is retained in one or more chains of
the triple helical monomer. Typical clinical
manifestations of this subtype of Ehlers-
Danlos syndrome are severe generalized
joint hypermobility which is severe enough
to cause dislocation of the knees and
congenital bilateral hip dislocation. This
form of EDS is also often associated with
increased ratio of bone fractures and short
stature. Dermatosparaxis type EDS
(formerly EDS VIIC) is caused by a
deficiency in the activity of procollagen |
N-terminal peptidase (22). Major
diagnostic criteria include very severe
fragility of the skin which may be
redundant and sagging. The persistence of
aminopropeptide dramatically alters fibril
formation leading to marked irregularity in
collagen fibril cross sections.

Our group has been mainly interested

in biochemical analysis of collagens
synthesized by fibroblasts from patients
with the life-threatening form of Ehlers-
Danlos, vascular type EDS (37). This form
is characterised by easy bruising and
bleeding and there is a risk of spontaneous
ruptures of the arteries and internal organs.
Affected individuals have no or minimal
hyperelasticity of the skin in contrast to
individuals affected by other subtypes of
EDS. The skin may be unusually thin and
transluscent and the venous pattern easily
visible. Joint hypermobility is generally
limited to the small joints.

EDS IV or vascular EDS is caused by
mutations in type Il collagen (17, 1) and to
date more than sixty mutations have been
reported. Mutations include amino acid
substitutions, alterations in splice donor
and acceptor sites and a range of large or
small deletions. Type Il collagen is present
in many tissues but is a primarily a
component of extensible tissues such as
blood vessels, the gut, skin and uterus. In
contrast with arthrochalasia EDS, it is hard
to find a phenotype/genotype correlation
for type Il collagen mutations in vascular
EDS. In general amino acid substitutions
towards the C-terminal end of the collagen
domain often result in more severe forms of
vascular EDS.

We have been able to make or to
exclude the diagnosis of vascular EDS in
different patients on the basis of the
screening of collagen from skin fibroblast
cultures. In some cases we confirmed
defects in the synthesis and metabolism of
type Il collagen that is slowly secreted by
the cell due to a mutation in triple helix
domain of the molecule. In our lab two
different mutations of type 111 collagen in
two patients affected by this form were
demonstrated.
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Diseases not involving collagen

Among the connective tissue disorders
caused by mutations in non-collagen
components of extracellular matrix we
studied the Marfan syndrome. This
condition is characterized by
cardiovascular, ocular and skeletal

manifestations (table 2) and is caused by
mutations in the gene encoding the protein
fibrillin-1 (FNB-1), a 350 kd glycoprotein
that is the major structural component of
matrix microfibrils (13,21). In spite of the

Fig. 4

fact that the fibrillin gene contains 65 exons
and is over 110 kb in length, more than 150
different mutations, mainly aminoacid
substitutions, have been reported to date.
Generally a single EGF-like domain of the
protein is involved, causing loss of
structure following the disappearance of a
disulfide bond or of an aminoacid
necessary for binding calcium.

At present one correlation between the
localization of the mutation and the severity
of clinical phenotype has been found. In
fact if the series of EGF-like domains

Fig. 4. Typical appearance of hands and feets in a new born patient affected with Diastrophic Displasia (courtesy of

Dr. A. Superti-Furga - Zurich.).

Fig. 5. Characteristic leg ulcerations in a Prolidase deficient subject (16 ).
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between exon 23 and exon 32 is involved,
the result is the most severe form of Marfan
syndrome known as Neonatal Marfan
Syndrome. Because of the complexity of
the fibrillin gene, we have only been able,
in collaboration with a Molecular Biology
group, to demonstrate two new mutations
inthis disorders.

Finally, it is worth remembering that
there are many disorders where alterations
of the extracellular matrix and the resulting
anomalies of tissues, organs or systems are
not due to defects in extracellular matrix
components, but rather to alterations in
membrane proteins. The connective tissue
involvement can depend on impairment of
some transport or signal transduction
processes resulting in the formation of
anomalous molecules that can disrupt
normal matrix.

For instance, some well known
diseases are due to mutations in one
member of the large family of Fibroblast
Growth Factor Receptors (FGFR). FGFRs
are members of the receptor tyrosine kinase
family that bind fibroblast growth factors
(FGF). The FGF family appears to play a
major role in numerous aspects of
embryogenesis, growth and homeostasis.
FGFs also stimulate mitogenesis,
chemiotaxis, and angiogenesis. The first
human disorder characterized by FGFR
mutations was Achondroplasia (28), by far
the most common form of dwarfism.
Common clinical manifestations of this
chondrodysplasia include: macrocephaly,
rhizomelia, lumbar lordosis and narrowing
of the spinal column. It is caused by
mutations in fibroblast growth factor
receptor 111 (FGFR I11). Genetic studies of
the FGFR 111 locus, localised at the tip of
the short arm of chromosome 4, clarified
that there is a strong degree of homogeneity

in mutations responsible for
achondroplasia (28). In fact, more than 95
% of all achondroplastic alleles analyzed
carried the same mutation: a G to A
transition at nucleotide 1138. This results in
the substitution of glycine to arginine at
position 380 (Gly380Arg) in the
transmembrane domain of the molecule. At
present it is not clear how alterations of the
FGFR Il gene interfere with the clinical
phenotype in achondroplasia. However,
studies of the growth plates in FGFR Il
null mice provided evidence that FGFR 111
was a negative regulator of long bone
growth during endochondral ossification
(9).

Another unique membrane protein is
responsible for a family of skeletal
disorders with a widely phenotypic
expression. Diastrophic Dysplasia, a non
lethal disease, is caused by mutations in the
DTDST gene (15). It is an autosomal
recessive chondrodysplasia with clinical
features including short-limbed stature,
kyphoscoliosis, generalized dysplasia of
the joints, flexion limitation of the finger
joints, hitchhiker thumbs, deformity of the
feet and often deformation of the ear lobes
and the cleft palate. Patients are severely
handicapped and need repeated corrective
surgery. This disease occurs with low
frequency in most populations, but with
high frequency in Finland where DTD
appears to be one of the most common
autosomal recessive disorders.
Subsequently it was demonstrated that two
other very severe and lethal diseases,
Achondrogenesis 1B and Atelosteogenesis
type 11, are due to the involvement of the
same gene (16, 31, 32). This gene encodes a
transmembrane sulfate/chloride anion
exchanger expressed in most tissues (15).
Its impairment consequent to mutations
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results in undersulfation of cartilage
proteoglycans leading to severe disorders
in skeletal development.

Achondrogenesis type 1B is an
autosomal recessive disorder; affected
individuals usually dye in the pre or
perinatal period. It is the most severe of the
three DTDST-related disorders.
Atelosteogenesis type Il is an autosomal
recessive disease characterized by severely
shortened limbs, small chest, scoliosis, and
club foot. It is lethal in the newborn period.
We have contributed towards
demonstrating that the disorders, classified
as being distinct clinical diseases, are
actually the consequence of different
mutations in the same gene. Phenotypic
severity is correlated to the degree of
impairment of the sulfate transporter
function (26,27).

The diseases are now under
investigation in order to check the
possibility of stimulating alternative
pathways for sulfate supplementation.

Prolidase Deficiency

Prolidase deficiency (PD) isa very rare
autosomal recessive disorder with highly
variable expression. It is characterized by
severe skin manifestations including
chronic, recurring ulcers (14, 19),
dermatitis with dry skin and pruritis, and
recurrent respiratory tract infections and
mental retardation, probably due to the
presence in the tissues of undigested
iminodipeptides, mainly Gly-Pro. The
condition is correlated to deficient activity
of prolidase, an enzyme (EC 3.4.13.9) that
hydrolyzes dipeptides with a carboxy-
terminal iminoacid. Impaired prolidase
activity leads to massive urinary excretion
of iminodipeptides.

Prolidase is a homodimeric, cytosolic,

ubiquitous enzyme which requires Mn™. It
plays a key role in recycling of proline
formed during the final stages of
degradation of collagen and dietary
proteins. The prolidase gene is located on
chromosome 19p13.2 and the 2,2 kb
mRNA encodes a polypeptide of 493 amino
acids. Prolidase deficiency is generally due
to the presence of two mutant alleles.
Several mutations have been demonstrated
(18). Since 1968, when the disease was first
described (14), only about fifty patients
have been reported . Of these ten italian
patients have been diagnosed in our
laboratory after detecting iminodipeptides
in patients' urine and finding deficient
prolidase activity in patients' erythrocyte
haemolysates.
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The final aims of the therapy of the
osteoarticular tuberculosis have been
currently spread out, while the holding up
of the infectious process previously had
been outstanding demand (by the use of
antituberculotic drugs and long-lasting
immobilization or by surgical radical
excision of the focus), today the imperative
is functional sparing of the affected joint.
The ankylosis has been considered today as
the last choice in a case of delayed therapy
or when destruction has been rather
advanced (10,11,12,13,14).

In attempt to achieve the best possible
results, two main goals are important: 1.)
Early diagnosis and treatment (before the
large part of the joint has been destructed)
which make anatomical and functional
reparation of the affected segment possible
by itself; 2.) Once when diagnosis has been
established adequate therapy should be
carried out (proper combination of the
antituberculotic medications, time and type
of the surgical procedure, adequate
physiotherapy).

Our investigation enrolled 28 patients
with osteoarticular tuberculosis treated in
Institute for Orthopedic Surgery "Banjica”,
Belgrade, from 1986 to 1996. (figures 1
and?2)

The investigation enclosed all patients
with complete documentation and two
years follow-up period after the treatment.
Majority of patients have been followed up
to the end of bone growth.

According to the results of their own
investigation the authors suggest certain
guideline for prevention, early detection
and therapy of the osteoarticular
tuberculosis, particularly in children in
attempt to gain better results in longer
duration: 1.) Regular BCG vaccination at
birth, tuberculin test at unprotected period
of childhood and revaccination on as
needed basis, fluorographic checking of the
population, detection of the possible
sources of the infection and their curing,
improvement of the continuous health
education and protection; 2.) In order to
detect tuberculosis at the very beginning it
is important to keep in mind this type of
infection; beside this it is obligatory to
conduct proper diagnostic protocol:
physical examination, laboratory and
radiological investigations, tuberculin test,
while the best option is patho-histological
confirmation of the process (by open
biopsy) associated with bacteriological
culture (Lowenstein ground), some of the
tests for fast detection and identification of
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Figure 1. Right ischial bone tuberculosis (radiograph and macrograph), treated no operatively, good anatomical

and functional result

;I

Mycobacteria; 3.) Therapy should be
consisted of: antituberculotic drugs upon
the protocol of WHO for countries of
former Yugoslavia, surgical elimination of
the focus and early physiotherapy, without
foothold until bone consolidation has been
completed.

INTRODUCTION

In developed countries of the world
prevalence rate of tuberculosis has been
diminished recently.

Although the incidence of tuberculosis

Ly

Figure 2. Right hip tuberculosis, surgically treated, good anatomical and functional result

in Yugoslavia has been stable for years
recently the increasing number of
tuberculous patients occurred. There are
several reasons for that: progressive
deterioration of life standard, incomplete
vaccination, improper tuberculin testing,
increasing number of HIV infected patients
(postprimar tuberculosis particularly affect
immunodefficient patients), failure of
treatment of refugees and under the war
conditions. When the number of primary
tuberculosis has been increasing the
number of postprimar rises as well.

Since the osteoarticular tuberculosis
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has been the significant cause of handicap
in childhood and illness related to long-
lasting treatment the social importance is
evident.

Due to various diagnostic and
therapeutic protocols that were applied
previously there were lot of speculations
and different results of therapy.

As we already stated the osteoarticular
tuberculosis may be presented on the spine
and joints as well. The consecutive
handicap of the large joints of the lower
extremities has been a reason for our
special interest in this work. The other
reason is that infection in early infancy
could be the cause of the damaging of the
epiphysis and epyphiseal growth line
which may induce the occurrence of
inequality, degenerative changes of the
joints and spine, extreme handicap, life and
work disability. All these reasons affect our
decision to consider this problem exactly in
childhood.

MATERIAL AND METHODS

Complete documentation means:
detailed interview, functional state and
radiography at the beginning and the end of
treatment, and on the last consultation and
as well as laboratory findings and
immunological parameters of the illness
activity. We speculated that two years
follow-up period might be sufficient
because all patients experienced certain
osteoarticular restitution, normalization of
the laboratory findings and functional
restitution.

All patients treated with
antituberculotic drugs associated with
surgical elimination of the focus and early
physiotherapy we considered as observed
group. Ten patients belong to this group

and they were all treated during last years
according to modern protocols.

Control group of patients consisted of
18 children, treated with antituberculotic
drugs in all cases but associated with
complete rest in five cases, plaster
immobilization in 11 cases and extension in
two cases.

Relevant data included in our
questionnaire had been: sex and age of
patients, localization of the illness, contact
with the TB infection, BCG scar,
pulmonary affection, tuberculin test
reaction, previous diagnosis and treatment,
assessment of the stage of disease when
diagnosis has been established. The special
interest has been given to the diagnostic
procedures performed for establishing the
diagnosis, type of treatment and
preoperative antituberculotic therapy, type
of surgical intervention for elimination of
the focus, complication rate, treatment
results and eventual need for postponed
reconstructive surgery.

Tuberculin test reaction has been
divided into six groups according to tissue
induration: 1.) Negative; 2.) Less than
5mm; 3.) 6-9mm (+); 4.) 10-14mm (++); 5.)
15-30mm (+++); 6.) More than 30mm with
necrosis (++++).

We defined three phases of illness at
the moment when diagnosis has been
established: acute disease (diagnosis
established after one month of the
occurrence of symptoms), subacute
(diagnosis established 1-6 months after),
chronic disease (proper diagnosis
established after more than 6 months).

According to the localization of the
process three groups had been made: with
synovial, bone and mixed forms of the
disease.

The results had been classified into five
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groups: 1.) Complete restitution of the
anatomy and function; 2.) Complete
functional restitution with joint deformity;
3.) Diminished function of the joint
(contracture); 4.) Loss of the joint function
(ankylosis); and 5.) Advance of the process.
The obtained material had been
elaborated by various statistical methods:
distribution of the frequency of the
analyzed categories, by Spearman's
coefficient of correlation.

RESULTSAND DISCUSSION

It has been well known that
osteoarticular tuberculosis occurred
equally in sexes, all races and particularly
affect groups with low socio-economic
background. Primary, especially
pulmonary tuberculosis occurred
predominantly in susceptible categories
(children and elders) that live in poor social
conditions (2).

According to our results the sex
distribution has been similar to literature
data: male patients slightly predominate, 16
or57,1%.

Speaking about the age range, our
youngest patient was two years old and the
oldest 10 years. The majority of patients
were about five years of age (6 patients or
21,4 %) that means in the period of
extensive activity and exposition of
children to the infection but at the same
time in the period of diminished immunity
established by BCG (7). After six years of
age the morbidity rate decreased because at
the time of investigation regular tuberculin
test and revaccination had been performed
inall preschool children.

In our study contact with tuberculosis
has been revealed in only five children
(17,9 %). That is a result of insufficient

heteroanamnestic data obtained from
parents from socially deprivated and poorly
civilized classes who were conducted only
by idea to hide the presence of contagious
or congenital diseases.

Proper BCG scar had been considered
as solid immunity state and such children
even expressed no need for tuberculin test.
However, nowadays it is well known that
BCG scar gives us information about the
vaccination state and the immunity state
could be assessed only by tuberculin test
(9). The results of our study could serve asa
confirmation for this statement because
clear BCG scar had 14 (50 %) children with
tuberculous infection and without the
immunity.

We already noted that diagnosis of
tuberculosis had been made in seven
patients (25 %) prior to admission in our
Hospital. All others were without clear
diagnosis for months. Differential
diagnosis in all these cases were aseptic
necrosis, osteoid osteoma, and in majority
of cases (10 patients or 35,7 %) nonspecific
inflammation. Obviously, osteoarticular
tuberculosis has been forgotten and from
the other side the difficulties in diagnosis
could be raised from the absence of
pathognomonic radiographic and
laboratory findings.

Misunderstanding in the very
beginning of the illness leaded to
inadequate treatment in 17 patients or 60,7
%. Certain number of cases started with
antituberculotic treatment after the
admission in our Hospital although proper
diagnosis had been established at previous
Institutions.

Majority of patients (23 or 82,1 %) had
chest x-ray examination. The signs of
active or old treated pulmonary
tuberculosis have been verified in 13
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patients (46,4 %) while chest x-rays were
normal in 10 patients (35,7 %). Five
patients (17,9 %) had no chest x-ray
examination.

Among others some reasons for only
few positive x-rays findings could be: 1.)
Main expression of the primo infection
could be tracheobronchial lymphangitis
while lymph node is reservoir for
Mycobacterium; 2.) As a consequence of
vaccination the reaction of the lungs is
weak, therefore lesions on chest x-ray are
hardly visible; 3.) Careless reading of the
chest x-ray; 4.) Although the site of primo
infection is in the lungs in 90% we should
keep in mind all other localizations
(jejunum, kidneys, parotid gland, skin, etc.)
9).

Literature data suggest some other
results and significantly lower rate of
pulmonary involvement, Singh and
coworkers (7) had only 16,2 % of positive
findings in the lungs.

Tuberculin test has been performed in
22 children and strongly positive reaction
(one case with necrosis included) has been
revealed in 19 patients or 67,9 %. That is
clear confirmation for already known
statement that strongly positive reaction
means undoubtfully presence of the illness
whereas tuberculin test certainly is
important diagnostic tool with positive
result in 90 % of patients with
osteoarticular tuberculosis (2,5,9). Since
21,4 % of our patients hadn't been tested
obviously there were small percentage of
highly positive reactions in our study
comparing with literature data.

Correlations between previous
diagnosis and tuberculin test results (r = -
0,0078; p > 0,05), between previous
diagnosis and radiography of the chest (r =
0,1509; p > 0,05) were evaluated by

Spearman's correlation test. The same
statistical method was used for correlations
between presence of BCG scar and
tuberculin test results (r = -0,1677; p >
0,05), presence of BCG scar and
radiography of the chest (r = -0,1846; p >
0,05), between tuberculin test and
radiography of the chest (r = -0,3046; p >
0,05). Obtained results confirming no
statistically significant correlation between
examined data seem completely
reasonable. Actually, diagnosis of
tuberculosis had been delayed in majority
of cases; therefore, tuberculin test and
radiography of the chest had been
performed after long time in relation to the
onset of the disease. We already stated the
reason for very few positive findings on
chest x-rays. Obviously, the absence of
significant correlation between BCG scar
and tuberculin test had been expected
because the disease occurred the most
frequently after the age of five when the
immune response becomes more and more
weak.

The most frequent localization of the
osteoarticular tuberculosis on our material
had been a hip (17 patients or 60,7 %), than
knee and ankle (4 cases or 14,3 % each),
and at last ischial bone (3 patients or 10,7
%). Very similar data could be found in the
literature. Nagusse (6) stated 53,6 % of
tuberculous coxitis in their hospitalized
patients, giving the explanation that the
clinical picture has been the most serious
and provoke significant handicap in early
stage of the disease.

Concerning the definitive diagnosis in
our study it had been established in early
stage of the disease in only two patients (7,1
%). Basically, the correct diagnosis had
been proved mainly in subacute phase (14
patients or 50 %) and chronic phase (12
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patients or 42,9 %). The time between the
onset of symptoms and establishing the
diagnosis had been from one to 14 months
(average 6 months), which is somewhat
shorter period than in literature data. Foley
and coworkers cited 10,7 months, Martini
and coworkers 25 months (5). Our opinion
for the reasons for delayed diagnosis could
be: very ominous onset of the disease,
nonspecific clinical picture associated with
mild general symptoms (result of the
relative immunity after BCG vaccination),
nonspecific radiographic and laboratory
findings, false interpretation of tuberculin
test reactions, low percentage of positive
radiographic involvement of the lungs
(probably, it could the leading cause) and
tuberculosis has been forgotten disease for
some time.

The disease had been rarely revealed in
synovial form (3 patients or 10,7 %),
probably because the late diagnosis
frequently had been considered as mixed
synovial-oseal form (8 patients or 28,6 %).
Similar results had Grujic (4), stated the
synovial formin 10 % of cases. In our study,
bone form of the disease had been revealed
in 17 patients or 60,7 %.

The involvement of the ankle and knee
had been proved in the earlier stages in
relation to the involvement of the hip. The
exposition of these joints are evidently
greater, clinical signs seem much more
clear and there are only a few diseases in
differential diagnosis.

At that time the osteoarticular
tuberculosis in bone or mixed form had
been diagnosed earlier in relation to
synovial form, obviously, because the x-
rays were the leading diagnostic tools.

Relation between the localization and
phase of the disease analyzed by
Spearman's test revealed no statistically

significant correlation (r = 0,1331; p >
0,05), same as for the correlation between
type and phase of the disease, and type and
localization of the disease.

Correct diagnosis had been proved in
15 patients or 53,6 % without patho-
histological verification and in others with
biopsy, pathohistological verification and
elimination of the focus. The diagnostic
protocol had been strictly related to the
management of the various phases of
treatment but to the orientation of the
orthopaedic surgeon. The diagnostic
protocol hadn't been in relation to the
localization and phase of the disease while
diagnosis had been missed for some time in
the presence of good BCG scar, negative
tuberculin test or negative chest x-ray
picture. Neither of these relations showed
statistically significant correlation.

Diagnostic difficulties had been
presented mainly prior to admission in our
Hospital as a result of acute phase of illness,
negative contact with TB patient, good
BCG scar and negative tuberculin test,
normal chest x-ray.

Proper antituberculotic drugs had
treated all our patients but their sort,
combination and duration of treatment
depended on severity of the disease and
therapeutic manner. In all cases the
inflammatory process had been stopped
unrelated to the associated therapeutic
procedures. Among all, 18 patients or 64,3
% were treated by conservative means and
others were operated. In three patients
biopsy had been performed and in 10 (35,8
%) both, biopsy and elimination of the
focus. In order to eliminate focus of
infection we performed synoviectomy on
two patients, bone focal synovialectomy on
seven and osteoplasty in the same
maneuver on one patient. The majority of

242 LOCOMOTOR SYSTEM VOL. 7, 2000, No. 4



patients surgically treated had been treated
by antituberculotic medications in
preoperative period (8 patients or 61,5 %).
One of our patients untreated
preoperatively, had got severe
complication - meningoencephalitis.
Liberation of the bacillus from the focus
had been the reason for dissemination so far
the administration of antituberculotic drugs
prior to surgical intervention must be an
imperative.

Our results were excellent concerning
limitation of the inflammation because it
was stopped in all cases. Functional
restitution we had in 60,7 % of patients,
which is not satisfactory. Anatomic
restitution of the joint we had in 13 patients
(21,4 %). Unfortunately, seven patients
finished their treatment with severe
deformities and joint contractures (seven or
25 %), while 4 or 14,3 % with complete
ankylosis.

Results of treatment were significantly
better if it was started early associated with
surgical focal synovialectomy and
especially if it was followed by
physiotherapy.

When results of treatment were
unsatisfactory (6 patients or 21,4 %),
reconstructive surgery had been necessary
and it was done on five patients (one knee
arthrodesis, one corrective osteotomy in
knee region, one corrective osteotomy in
hip region and two desinsertions of the hip).

The relation between the need for
adjuvant surgical treatment and results of
treatment showed high statistical
significance (r=-0,7008; p <0,01). Martini
and coworkers (5) stated that conservative
treatment without surgical intervention
gave better results while most other authors
found the results very similar to ours. Silva
(8) published very positive results of

radical surgical interventions performed on
219 patients. The main advantage they
pointed had been better vascularisation and
influx of the drugs as well as significant
shortening of hospital stay. Chow (1)
agreed with these statements emphasizing
very frequent occurrence of pain in non-
surgically treated patients.

During this period we turned on
surgical treatment for achieving safe and
early pathohistological verification of the
process, elimination of focus, better
vascularisation and distribution of the
drugs. The aim was to perform
decompression of the joint by muscle
desinsertion in order to avoid severe
epiphyseal destruction and to protect
growth of the epyphysis.

Physiotherapy in the early
postoperative period helped in getting
complete function of the joint and to avoid
postponed mutilating operations
(resections and arthrodesis).

CONCLUSION

The final aims of the therapy of the
osteoarticular tuberculosis have been
currently spread out, while the holding up
of the infectious process previously had
been outstanding demand (by the use of
antituberculotic drugs and long-lasting
immobilization or by surgical radical
excision of the focus), today the imperative
is functional sparing of the affected joint.
The ankylosis has been considered today as
the last choice in a case of delayed therapy
or when destruction has been rather
advanced (10,11,12,13,14).

In attempt to achieve the best possible
results, two main goals are important: 1)
Early diagnosis and treatment (before the
large part of the joint has been destructed)
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which make anatomical and functional
reparation of the affected segment possible
by itself; 2) Once when diagnosis has been
established adequate therapy should be
carried out (proper combination of the
antituberculotic medications, time and type
of the surgical procedure, adequate
physiotherapy).

According to the results of their own
investigation the authors suggest certain
guideline for prevention, early detection
and therapy of the osteoarticular
tuberculosis, particularly in children in
attempt to gain better results in longer
duration: 1) Regular BCG vaccination at
birth, tuberculin test at unprotected period
of childhood and revaccination on as
needed basis, fluorographic checking of the
population, detection of the possible
sources of the infection and their curing,
improvement of the continuous health
education and protection; 2) In order to
detect tuberculosis at the very beginning it
is important to keep in mind this type of
infection; beside this it is obligatory to
conduct proper diagnostic protocol:
physical examination, laboratory and
radiological investigations, tuberculin test,
while the best option is pathohistological
confirmation of the process (by open
biopsy) associated with bacteriological
culture (Lowenstein ground), some of the
tests for fast detection and identification of
Mycobacteria; 3) Therapy should be
consisted of: antituberculotic drugs upon
the protocol of WHO for countries of
former Yugoslavia, surgical elimination of
the focus and early physiotherapy, without
foothold until bone consolidation has been
completed.
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SUMMARY

Stok K, Oloyede A. Dependence of the
biomechanical responses of the
trabecular boneon density and strain-
rate under torsional loading.

This paper investigates the dependence
of trabecular bone's torsional stiffness and
ultimate shear stress on both density and
rate of loading. The results show that its
ultimate shear stress, stiffness and shear
strain energy exhibit dramatic variation
with both density and torsional loading
rate. A prominerit and repeatable
observation is that the samples of the same
density exhibited varying levels of
decrease in the value of zero-strain
stiffness, (i.e. the slope of the tangent to the
stress-strain curve at zero strain) with
increasing strain-rate. This decrease in
stiffness with strain-rate is contrary to that
common in viscoelastic materials in which
stiffness increases with increasing strain
rate, such as bone. On the other hand the
slope of the tangent for the higher strain
portion of the shear stress-strain curve, or
tangent modulus, increased with increasing

strain rate. We therefore argued that the
behaviour could be a consequence of the
interaction of trabecular bone porosity and
speed of loading, where the degree and rate
of “fracture' or collapse of the lattice
structure plays a significant role in
determining the stiffness.

Keywords: Trabecular Bone, Density,
Torsional Loading, Strain-rate, Torsional
Stiffness.

INTRODUCTION

Our tendency to slip, stumble or lose
balance, during both normal and rigorous
physiological activities can subject the
trabecular bone at the end of long bones to
twisting forces (1). Characteristically
sporting activities are usually accompanied
by a wide range of loading velocities in the
human joints. With age and osteoporosis
bone density can decrease with severe
consequences for bone function. Such
decrease in bone density is known to
increase its susceptibility to fracture.
Consequently this paper addresses the
effect of varying density and strain-rate on
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the biomechanical responses of the
trabecular bone under torsional loading.

Trabecular bone is the porous lattice
structure commonly found in the epiphysis
of the long bones amongst other places. It
serves to assist growth, and cushion,
attenuate and transmit forces applied to the
bone. These physiological functions can be
impaired by damage such as traumatic
loading induced by excessively high static
or very fast, applied loads. It is this
susceptibility to fracture and its deleterious
consequences on physiological function
that accounts for the general and clinical
relevance of this present investigation. In
the past research has concentrated on the
effects of strain rate and density with
respect to loading in tension and
compression. In particular, Carter and
Hayes (2, 3) established equations to
describe the effect of density and strain rate
on the strength and stiffness of trabecular
bone under compressive loading. This
approach was reinforced by Rice, Cowin
and Bowman (4), who conflrmed the
relationship previously proposed by Carter
and Hayes (2, 3). This relationship was,

S=k.g.p’ 1)

where S isthe compressive strength, e is the
strain-rate, is the density and k, a, b are
experimentally derived constants, (table
4).

In the case of shear/torsional loading,
one of the more comprehensive studies has
been that of Ford and Keaveny (5). They
investigated the shear properties of
trabecular bone with respect to shear failure
strain and determined the effect of apparent
density and trabecular orientation on shear
failure stresses and strains. They also found
that shear failure may be a dominant

fracture mode in trabecular bone and
purposed that more consideration should be
given to its shear and torsional properties.
We therefore extend the work of Carter and
Hayes (2, 3) in this present study by
determining the effect of density and strain-
rate on both yield and ultimate shear
strength, torsional stiffness and strain
energy of trabecular bone.

FACTORS CONSIDERED FOR
PRESENT EXPERIMENTAL MODEL
PROTOCOLANDANALYSIS

Structure and Architecture

Trabecular bone is anisotropic and
inhomogeneous (6, 7, 8). Behrens et al (9),
and Gibson and Ashby (6) observed that
these structural/mechanical properties are
developed relative to the type of loads
normally experienced by this bone, and in
agreement with Wolff s law (10).

Despite its anisotropic nature it is usual
to assume that it is a transversely isotropic
or orthotropic material, with the
consequence that the analysis is simplifed.
This simplifcation has been used
successfully by previous investigators with
ahigh degree of accuracy (5, 6, 9, 11).

Density

This parameter determines the mass,
and hence structural rigidity, of the
trabecular bone. It is usual to assume that
high bone density results in high bone
strength with a concomitant increase in the
ability to support physiological loads. This
assumption seems to be the basis of the
clinical treatment of osteoporosis where
drugs that increase bone mineral content,
and hence density, are applied. Because of
this interrelationship between density,
architecture and the mechanical properties
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Figure I. Free body diagram of the torsion-loading device. The specimen is loaded by rotating its grip through
an axial pull applied on the left-hand side. The loading effect and angular displacement is measured through

the strain gauges placed on the right-hand side.

of trabecular bone (2, 3, 12), we seek to
obtain the relationship between torsional
stiffness, ultimate shear strength and elastic
strain energy and the speed of torsional
loading and density. This will contribute
further insight into the mechanics and
mechanisms of fracture of trabecular bone,
and provide insight into the question of
whether or not an increase in bone density
should be the most important target of
clinical treatment, especially in the
treatment of osteoporosis.

Strain-rate

The study of the relationship between
strain-rate and material properties is of
relevance as it allows the modelling of near
physiological conditions. Weaver and
Chalmers (13) conducted a series of tests
into age related fracture because of the high
incidence of fracture in older bones. They
concluded that fracture occurred under
normal loading in these bones, rather than
at traumatic loads, with the consequence
that any representative study of strain-rate
effects must include both low and high rates
of loading. Carter and Hayes (2) (3),
reported that normal walking is carned out
at strain-rates in the order of 0.002s™, while

running involves strain-rates in the vicinity
0f0.01s". They further stated that torsional
impact loading fracture of trabecular bone
occurs in the range 0.1 s™ to 0.01s™. Cowin
(14) reported similar values of 0.002 to
0,01s™ for normal bone activity, and 0.1 -
1.0s" for trauma-induced fracture. The
present work would therefore involve
loading in the range of the strain-rates
found in the literature under torsional
loading conditions.

PERTINENT TORSION THEORY

The theoretical model adopted in this
section is relevant to the design of both the
specimen and the torsional loading
attachment for the Hounsfeld (H5000M,
capacity 5 kN) testing equipment. The
attachment was designed for the purpose of
loading specimens in torsion, where
previously the testing facility was only
capable of compression and tension. The
primary torque versus angular rotation
displacement would also be converted into
shear stress versus shear strain curves using
relationships 2 and 3 below. The twisting
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attachment is shown in figure I, while a
typical sample is presented in figure 2. The
sample gauge length is rectangular, and so
we shall consider the engineering analysis
of a rectangular sample of an elastic rigid
material. While it is mostly customary to
use this type of geometry for axial loading
(15), we shall adopt a similar configuration
for our present study and ensure an
acceptable level of accuracy by applying
appropriate theoretical and experimental
analyses. The analytical method for
torsional loading of rectangular sections is
formulated as follows (16).

When approximated as a linear elastic
material which is subjected to atorque T, at
one end and fixed at the other; and if the
axis of twist runs centrally through the bar,
along its horizontal or x-axis, then the
classical torsion theory can be applied in its
design and analysis using the following
relationship (16).

~

é .
t :szl.s?—g%
wt,” g W g O]

Where T is applied torque, w is width

25mm

 —t

and t is section thickness. Torsional
stiffness G.J/L is the gradient of the torque-
angular displacement curve. Alternatively,
the torsional stiffness can be evaluated
using the angle of twist as expressed
below,

q=1-
GJ 3)

Where L is the length of the bar,
J=wt (W’ +t) /12 is the polar moment of
inertia for a bar with a rectangular section
(16,17).

It should be noted that the theoretical
equation is for a homogeneous and
isotropic material, which trabecular bone is
not. Instead it is heterogeneous and
anisotropic (18). However, Stone, Beaupre
and Hayes (11), have argued that an
inhomogeneous material can be modeled as
homogeneous as long as its mechanical
properties, eg. average elastic modulus, are
established experimentally for the solution.
We have therefore adopted this approach in
the presentwork.

e 1 =
£ | g
l
L, 8mm___
Section A-A

Figure 2. A typical bone specimen showing the rectangular cross-section analysed.

248 LOCOMOTOR SYSTEM VOL. 7, 2000, No. 4



EXPERIMENTS
Factors Influencing Experimental
Procedure

The methodology adopted in this
research has gained substantially from
previous studies. In particular, factors such
as specimen condition (moisture content),
environmental conditions (temperature and
humidity), site, shape, size and machining
were controlled for experimental integrity
using the methods highlighted below.

In accordance with published research
(2,12, 19, 20, 21) the moisture content was
maintained at physiological conditions (in
0.15M saline) in order to ensure that energy
absorption by the loaded bone closely
approximates those in-vivo. Brear et al.
(22) studied the environmental conditions
in which to measure the mechanical
properties of bone. They recommend that it
is better to test the specimen under
conditions similar to those inside the body,
while conceding that the effects of this
factor on measured properties were not
significant.

Also, because Linde and Hvid (23)
have argued that both the length and cross
sectional area have a significant effect on
mechanical behaviour we have taken due
care to conf gure our specimens in
accordance with their conclusions.

Sample Preparation

Patella grooves from freshly slain 2-3
year old bovine animals were obtained
from the local abattoir and stored at -20°C
until needed for experiments. Before
machining, the bones were taken from the
freezer and allowed to thaw in cold water.

Specimens of trabecular bone were cut
from the patella grooves of twelve bovine
femurs using a purpose-built specimen
shaper in accordance with the method

recommended by Cowin (14). The bone
was kept wet throughout the cutting process
to avoid dehydration. Eight to seventeen
specimens were obtained from each femur,
and in total 145 specimens were prepared.
They contained no articular cartilage,
cortical bone or epiphysial growth plates.
Specimens were cut to a length (L) of
approximately 25mm and a planar cross-
section(w x t) ~ 8mm x 8mm, and after
measurement of specimen density the
cross-section of the specimens was reduced
at the centre using a specially designed
specimen shaper. The dimensions for the
grooves (tg x le) were 4mm x 8mm, to
conform with the Linde, Hvid and Madsen
analysis”. (figure 2.)

It should be noted that sawing of the
bone could introduce surface cracks.
However, Carter and Hayes (2, 3) have
observed that this surface damage has
minimum to negligible influence on the
measured mechanical properties of
trabecular bone samples. Further Linde and
Hvid (23) observed that the samples tended
to move within the grips, with undesirable
consequences for the measured values of
stiffness. They claimed that this was due to
the trabecular bone being taken out of its
natural constraint, which is provided by the
surrounding bone, i.e. the "structural end
phenomenon”. It was recommended that a
thin cyanoacrylate adhesive layer be used
to constrain the ends of the specimens and
thereby restore some of the support (23).

Experiments 1 - Verification of the
Accuracy of a Rectangular Section in
Torsional Loading Analysis

Because it is easier to cut and shape
rectangular cross-sections, we have opted
for this configuration in our experiments,
while noting that the torsional analysis of
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Density Value Wet Density Dry Density No. of
Group (g/cm?) (g/cm?) Specimens
Tested

Group 1 0,983 - 1,128 0,533 - 0,678 32
Group 2 1,130 - 1,170 0,680 - 0,720 30
Group 3 1,172 -1,274 0,722 - 0,824 33

Table 1: Density groups for trabecular bone samples.

this cross-section is readily formed in
Engineering texts (16, 17). However, in
acknowledgement of the fact that it is more
usual to use cylindrical specimens with
circular cross-section in torsional loading
studies, we have carried out the
experiments described in this section to
verify the representative capacity of out
chosen geometry intorsion.

Tasmanian oak hardwood specimens
with both rectangular and circular cross-
sections, and equivalent dimensions, were
loaded by twisting on the same equipment
used for testing the bone. Wood was chosen
as an appropriate model for this test
because of its non-uniform, fibrous and
orthotropic material properties, which are
similar to those of bone. The results of this
study, presented in figure 3, show the
difference in stress-strain profiles for the
cylindrical and rectangular specimens were
within acceptable engineering limits i.e.
between 4 % and 12 %. This result was also
confrmed using ANSYS 5.5 fnite element
analysis; the results of this are not included
for compactness of the paper.

Experiments 2 - Determination of
Trabecular Bone Density

The measurement of wet apparent
density is necessary for the current
investigation as this is a parameter against
which the data will be analysed. Specimen
mass was measured using digital weighing
scales, and specimen dimensions using the
vernier calliper. The volume of the
specimens could be determined from its
dimensions. The wet density (mass of all
material in a volume of trabecular bone) of
the specimens was then calculated.

Asecond specimen shaper with a semi-
circular groove, and a fine file were used to
reduce the cross-section of the specimens at
the centre. The specimens were kept in a
wet state throughout the preparation.

Specimen Experimental Groups

After determining the individual
density of each of the 95 specimens they
were classified into three density groups as
shown in table |. By grouping the
specimens into three density groups,
comparisons can be made between low,
medium and high densities rather than 95
individual specimen densities.
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Figure 3. Comparison of the shear stress-strain curves for both rectangular continuous) and circular (dotted)
cross-sections for wood specimens tested in torsion. These curves demonstrate the similarity in the stress-strain
responses of the two configurations, thereby supporting the use of a rectangular cross-section in our study.
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Figure 4. Calibration curve for the load cell of the torsional attachment relating the axial force-displacement of
the Hounsfield testing equipment to the torque and angular twist recorded using the attachment.
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Experiments 3 - Determination of Load
Carriage Parameters

Torsional Testing of Samples at Different
Strain-rates

The torsional loading attachrnent was
secured to the Hounsfield testing facility
and then calibrated using seventeen
specimens. The result of this exercise is
presented in figure 4. This calibration
allows us to relate Hounsfield axial force
and displacement to the torque and angular
twist of the attachment.

Specimens were removed from the
freezer and left in a solution until testing.
The cross-section of the gauge length of
each specimen was measured and then the
ends were immersed in cyanoacrylate
adhesive LOCTITE 454 and sprayed with
LOCTITE Accelerator 5113 to increase the
curing speed. They were then left in
ambient air for two minutes to cure. The
accelerator reduced the curing time
substantially by a factor of about 15, ie.
from 30 minutes to 2 minutes, and also
prevented the glue from soaking through
the bone. Constraining the specimen ends
in a thin cyanoacrylate layer restored the
natural support previously provided by the
surrounding bone (23).

After curing, the specimen was
mounted onto the torsion attachment and
then assembled on to the Hounsfield.

A dial gauge was used to centralise the
specimen within the clamps. By rotating

the arm, a specimen can be centred along its
axis of twist. All specimens in the three
density groups were subjected to torsional
loading at one of three different strain-rates
using the Hounsfield 5 kN testing facility,
ie.0.1s",0.02s,0.002s™.

The specimens were loaded until
fracture, which was determined by the dip
in the force-displacement graphs shown on
the LABView data collection program
during testing. The data was saved onto
disk before the next test occurred.

RESULTS

Firstly it should be mentioned that the
response of a rectangular specimen such as
those used in the present work, could be
modified by deplanation. However, any
effect of this confgurational influence on
deformation would be minimal due to
relatively small specimen sizes used in our
experiments.

A typical shear stress-strain curve is
presented in figure 5. This graph shows the
characteristic pattern of behaviour
exhibited by all samples under torsional
loading. From these curves elastic stiffness
(ie. slope of graph at zero strain), ultimate
shear stress and strain energy were
evaluated. Fracture strength is the stress at
fracture and is designed in this study as the
maximum stress before fracture
commences, ie. at the maximum inflexion
pointwhere the stress-strain cuives begin to

Maximum Torque

Bensusan et al.**

range 0,13 - 0,37 N.m

this study

range 0,13 - 0,38 N.m

Table 2: Comparison of torque ranges for two studies.
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drop to zero. The level of strain energy
developed before fracture is measured by
the area under the shear stress-strain curve
covering the period before the onset of
fracture, multiplied by the volume of the
specimen. Two measurements of torsional
stiffness are defined here. Firstly, low-
strain torsional stiffness is the measured as
the slope of the shear stress-strain curve at
zero strain, and high-strain torsional
stiffness is measured at 1.5-2% strain

A plot of ultimate shear stress against
density (figure 6), for the range of densities
and at varying strain rates shows repeatedly
that there is an increase in the shear stress-
strain values for increasing strain-rate with
a concomitant increase in the levels of the
ultimate shear stress for each density group.

With regards to the plot of low-strain
torsional stiffness versus density for the
various strain rates, again it can be seen in

figure 7 that the stiffness increased with
increasing density. Our data also reveal that
the stiffness decreased with increasing
strain-rate for a given value of density.
Juxtaposing these two behaviours, it can be
inferred that the stress necessary for
inducing shear in the trabecular bone
decreases with increasing strain rate.

The non-linear relationship between
low-strain torsional stiffness, density and
strain-rate indicates that the behaviour of
the specimen under torsional loading is
affected to a signifcant extent by both
parameters.

Finally, the strain energy values
displayed in figure 8 show that there is an
increase in the energy absorption capacity
of this bone, for increasing density and
strain rate. Because strain energy is
indicative of the resistance of a material to
fracture i.e. toughness 24, the strain energy

Maximum Shear Stress

Ford and Keaveny

average 6,13 MPa

range 2 - 18 MPa

this study

average 9,3 MPa

range 2 - 16 MPa

Table 3: Comparison of shear stress averages and ranges for two studies.

mode of loading k(Dk) a(Da) b (Db)
Strength (MPa) | Stok & Oloyede | torsion 4,20 (0,005) 0,140 (0,01) 10,0 (0,3)
Carter & Hayes | compression 68 0,06 2
Stiffness (GPa) [ Stok & Oloyede | torsion 0,20 (0,27) -0,145 (0,07) 6,0 (0,2)
Carter & Hayes | compression 3970 0,06 3
Strain Energy (J) [ Stok & Oloyede | torsion 0,06 (0,08) 0,190 (0,01) 12,0 (0,6)

Table 4: Experimental constants derived from the data.
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characteristics seem to suggest that the
trabecular bone becomes tougher as both
the density and strain-rate increase.

DISCUSSION

The shear stress-strain curves are non-
linear in form, similar to polymeric
materials and soft metals such as
aluminium. Consequently torsional yield
stress values cannot be established. They
are highly dependent on both density and
strain-rate, increasing with an increase in
these parameters. The range of maximum
torque for the specimens is comparable
with that of Bensusan et al. (25) (table 2).
The range of maximum shear stresses and
average shear stress for the specimens are
comparable with those of Ford and
Keaveny (5), (table 3).

Carter and Hayes (2, 3) proposed
equations for the dependence of strength
and stiffness on density and strain-rate for
compressive testing of trabecular bone.
Rice, Cowin and Bowman (4) examined
this approach and proposed improvements
to the methods of measurements of
mechanical parameters during both
experiments, but agreed with the earlier
relationship between shear stress, strain-
rate and density proposed by Garter and
Hayes (2, 3) (equation 1 and table 4). The
experimental data obtained from our
investigation have been used to develop
empirically based similar constitutive
relationships for the torsional deformation
of trabecular bone. However, it is important
to note according to Rice et al (4) that the
relationships developed presently would be
specific to the species from which the data
was taken. For the plots of shear stress,
torsional stiffness and strain energy against
density, curve fitting our present

experimental data on bovine samples
revealed that a similar relation to equation 1
can approximate the strength, stiffness and
the strain energy characteristics. The curve
of best fit was found for a straight line by
transforming the equation S = k. £°.p%,
where k, a, and (3 are constants, to a linear
form using natural logarithms. That is,
In(S) = In(k) + aln(e) + BIn(p). This
allowed for calculation of each parameter
and the associated error using regression of
In(S) on each variable. The experimental
constants derived from the data are shown
in table 4. The fitted curves are compared
to the original data using the values of the
constants summarised above. The curves
correspond well between these graphs. In
particular the results concerning the
relationship between stiffness and density
correlate well with the results published by
Bensusanetal. (25).

A noteworthy relationship is that
between low-strain stiffness and strain-rate
for a given value of density. Specifically,
the values of stiffness when evaluated as
the slope of the tangent, from zero, of the
stress-strain curve decreased with
increasing strain-rate, thus suggesting that
the load carnage capacity of the trabecular
bone might be impaired at moderately high
strain-rates. This is also apparent from our
a-value evaluated in the constitutive
relationship for stiffness, where strain-rate
has a negative exponential value. This
result is contraiy to the hypothesis that
stiffness would increase with strain-rate
because of the viscoelastic nature of
trabecular bone. However, further
examination of our results reveal that the
slope of the “plastic' portion of the stress-
strain curve prior to failure (high-strain
stiffness) is greater for the samples tested at

256 LOCOMOTOR SYSTEM VOL. 7, 2000, No. 4



higher strain-rates, thereby reversing the
trend seen for zero strain. This leads us to
believe that the speed of loading influences
the rate of “fracture' or collapse of the
trabecular structure thus influencing the
determination of stiffness. Following these
observations, it is plausible to argue that
density alone, and hence bone mineral
content, is not a good indicator of
trabecular bone load-bearing capability,
with possible consequence for the clinical
treatment of osteoporosis.
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SUMMARY

Hyének J, Marik I, Pejznochova H et al.
Diagnostic significance of mild
hyperhomocysteinemia in children
suffering from bone dysplasias.

Among 80 children patients suffering
from miscellaneous bone dysplasias
relatively high incidence of mild
hyperhomocysteinemia was observed
(1:110) and that fact will need further
explanation,differentiation and
confirmation regarding its
ethiopathogenetic significance.

Key words:
bone dysplasia, hyperhomocysteinemia,
total homocysteine

The clinical picture of very rare
inherited metabolic disorder of methionine
cycle called classical homocystinuria
(McKusick 23620) is characterized by
skeletal, ocular, vascular abnormalities and

mental retardation as described by Carson
in 1962 (13).To the most striking changes
belong dolichostenomelia, osteoporosis,
biconcave “fish” vertebrae, scoliosis,
arachnodactylia etc.The metabolic base of
these disorders is the deficiency of enzyme
cystathionine-beta-synthase responsible
for conversion of homocysteine to
cystathionine.The vascular arterial and
venous thromboembolic occlusions are the
life - threatening complications that very
often short the life of patients in 20-30 years
of age (9). After this causal correlaton Mc
Cully postulated in 1969 the possible role
of homocysteine (Hcy) in
ethiopathogenesis of atherosclerotic plates
-"homocysteine theory of
atherosclerosis"(8). In 1974 Wilckens (she
is the pediatrician-specialist in inborn
errors of metabolism and her husband
cardiologist) hypothesied the possible toxic
effect of increased levels of homocysteine
on the premature development of vascular
damage, thickening of intima media in
large as well as in small arteries leading to
premature coronary or periphery artery
diseases (16). Hladovec et al. proved the
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direct toxic effect on endothelial cells by
increased level of Hey (4).

The last decade has been devoted to the
experimental (14), epidemiological (10),
clinical (2,14,15) and therapeutical (7,12)
studies on mild hyperhomocysteinemia
(mHHC) as the new independent risk factor
for early development of coronary heart
disease, cerebral or peripheral artery
occlusions. The systematic finding for
hyperhomocysteinemia among patients
indicated for aortocoronary or peripheral
artery bypasses in our Hospital Na
Homolce proved relatively high incidence
of increased homocysteine and different
types of hyperhomocysteinemia have been
detected till now, especially the mild form
of HHC in frequency 1:52 (5) (tab. 1).

Homocysteine (Hcy) is a nonesential
aminoacid participating in remethylation or
transsulfuration metabolic pathways of
essential amino acid methionine (fig. 1).
Under physiological conditions is quickly
remethylated to methionine by enzymatic
complex-methionine synthase, in presence
of B,, vitamin as cofactor and
methylenetetrahydrofolate as
substrate.This substrate must be
synthetized from folates by other enzyme -
methylenetetrahydrofolate reductase
(MTHFR). Hcy is transsulfurated with
pyridoxine as cofactor to cystathionine and
after some further metabolic steps
eliminate as sulphates by urine. Insufficient
activity of MTHFR from genetic reasons or
from deficiency of critical vitamins (folate,
pyridoxine, cobalamin) cause the
deficiency of substrate or brakes the
remethylation or transulfuration reactions.
The level of Hey increases and causes the
new type of ekogenetic or ekometabolic
disorders - mild or severe
hyperhomocysteinemia (11). Toxical effect

of HHC was proved outside vessel
disturbances in a lot of other metabolic
interferences, among them the most serious
in tissues of mesenchymal origine (tab. 2).
The frequency of the mutation 677C-T in
MTHFR allele responsible for defficient
enzyme acitivity in European population
was detected in homozygote form 5-15 %,
in heterozygous form 20 - 40 %.
Therapeutical supplementation of
homozygotes with folate together with
other critical vitamins improves the
enzymatic activity of MTHFR (7).

Although the direct relation between
increased Hey and thromboembolic events
in homocystinuria were intensively studied
and the direct relation between increased
Hcy and accelerated arterial occlusions,
increased intimal thickness was proved, the
correlation between increased plasmatic
tHcy and the risk of early development of
connective tissue disorders has not yet been
practically followed. Elevated Hcy
interferes by its very active-SH groups with
the crosslinking of collagen mediated by
aldehydic groups. Since crosslinking of
elastin is also mediated by aldehydic
groups - this action of elevated Hcy might
interfere with elastin structure, too (6,9).

The diagnosis of classical
homocystinuria was relatively simply
thanks to very high levels of Hcy and
methionine in plasma. The detection of
only moderate elevated levels of Hcy in
plasma is methodically more complicated,
needs higher sensitivity and in the last 10
years it was possible only by use of more
sofisticated HPLC techniques with
fluorescent detection.The aim of our
present pilot study was to assess the
possible incidence and role of mHHC in
children patients suffering from different
bone dysplasias.
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MILD FORM (16-30 mol/l) 1:52
INTERMEDIATE FORM (31-100 mol/l) 1:1235

SEVERE FORM = Class. homocystinuria (> 100 mol/l) 1:5766

Tab.1. Incidence of different form of hyperhomocysteinemia in 5766 patients suffering from cardiovascular
diseases.

DIRECT ON ENDOTHELIAL CELLS:
destruction of elastine fibres, desquamation,increase of the total collagen synthesis and collagen cross-linking,
increased NO production

ON REDOX-OXIDATIVE STATUS:
increased production of H,0, and OH" radicals, increased pro-oxidative activity , production of nitrils and
nitrosothiols

CHANGE OF HEMOSTATIC CONDITIONS FROM ANTITHROMBIC TO
THROMBOGENIC:

inhibition of thrombomodulin-thrombin cofactor, reduce endothelial protein C activator, inactivation of
FVa+FVlla, increase PAI-1, decrease of fibrinolysis due to competition of cringels of Lp(a) with tPA, inhibition of
v.Willebrand factor processing, activation of Hagemann factor, reduce of antithrombin 11, increase synthesis of
thromboxaneA,

INCREASED ATHEROGENESIS:
thiolation of LDL-cholesterol, stimulation of proliferation of smooth-muscle cells, deposition of thiolated LDL-
cholesterol in atherosclerotic plate

Tab. 2. Toxic effects of increased levels of homocysteine.

Patients Controls
Total Number 80 30
Girls 46 15
Boys 34 15
Ages (yrs) 2-18 5-18

Tab. 3. Subjects Characteristic.
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Patients Controls
Age (yrs) 2-11 12-18 5-11 12-18
tHey (umol/1) 4,9+/-1,6 6,6+/-3,6 4,8+/-1,2 5,4+/-1,3
Significance n.s. p<0,05
Tab.4. Average values of total homocysteine in patients with bone dysplasias.
tHcy(umol/l) Diagnosis Age (yrs)
24,2 Hypophosphatasemic Rickets 17
12,6 Hypochondroplasia 16
9,8 Multiple Sy of Pterygia 11
9,7 Osteoporosis-Pseudoglioma Sy 13
8,8 Rachitis Renalis 6
8,6 Algoneurodystrophy 9
7,8 Spina Bifida Lumbalis 10

Tab.5. Total homocysteine values over 95" percentile detected in patients with diagnosis.
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Fig. I. Metabolic pathways of the methionine cycle. 2-methionine synthase, 3-methylenetetrahydrofolate

reductase, 5-cystathionine-beta-synthase.
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PATIENTSand METHODS

Since 1998 the level of all types of Hcy
in plasma after reduction (called total
homocysteine - tHcy) has been estimated
by use of chromatographic method after
Araki and Sako (1) in 80 children (2-18 yrs)
outpatients of orthopaedic department of
Ambulant centre for defects of locomotor
apparatus with the most frequent diagnoses
as given in tab. 3. Because the plasma Hcy
levels show the dependency on age, group
of our patients was organized into an
younger group (2-12 yrs) and in an older
group (13-18 yrs). As a control group 30
healthy children of similar age were used.

RESULTS

Average values of tHcy in the younger
patients and in the group of healthy children
were without any statistical difference
(4,88+/-1,65 umol/l versus 4,85+/-1,21
umol/l). In the older children only the
moderate increase in tHcy but statistically
significant could be observed (6,58 +/-3,61
umol/l versus 5,41 +/-1,31 umol/l) (tab. 4).
The tHcy values overlapping the 95
percentil were detected in 3 older and 5
younger patients with the following
diagnoses: 24,2 umol/l Hypophosphatemic
Rickets (14 y); 12,6 umol/l in
Hypochondroplasia (16 y); 9,8 umol/l in
Multiple Pterygia Syndrome (11 y); 9,7
umol/l in Osteoporosis Pseudoglioma
Syndrome (13 y); 8,8 umol/l in
Algoneurodystrophic Syndrome (11 y): 8,6
umol/l in Spina Bifida Lumbalis (7 y); (tab.
5).

DISCUSSION

The first findings of our pilot study in

bone dysplasias show a quite high
incidence of HHC among patients suffering
from miscellaneous bone dysplasias (I :10)
comparing to healthy population and
proved the higher incidence of HHC among
patients suffering from connective tissue
disorders. Our findings will need further
confirmation for estimation of
remethylation capacity after methionine
load (100mg/kg b.w.) and after
moleculargenetic estimation of mutations
for deficient allele of MTHFR in children
aswell asin their parents. The estimation of
critical vitamins must be completed in
order to exclude possible nutritional
deficiency.

The Framingham Study performed few
years ago proved in older population
suffering from cardiovascular diseases the
positive therapeutical effect of
supplementation by critical vitamins
especially folate and resulted in the
supplementation of cereal foods introduced
in USA since 1.st January 1999 (3,7). This
fact stimulates us to try the possible
therapeutical effect of "critical vitamins"
especially folate must be in our patients
carefully followed.

We can only conclude that metabolic
disturbances of homocysteine in bone
dysplasias could play a similarly important
role in connective tissue disorders like it
was postulated in cardiovascular diseases
and need further ethiopathogenetic
confirmation if they are specific only for
these metabolic or clinical entities.

REFERENCES

1. Araki A, Sako Y. Determination of free and total
homocysteine in human plasma with fluorescence
detection.J. Chromatog., 1987, 422, pp. 34-39.

2. Boushey CJ, Beresford SA, Omen GS et al. A
quantitative assesment of plasma homocysteine as a

262 LOCOMOTOR SYSTEM VOL. 7, 2000, No. 4



risk factor for vascular diseases. J. Amer. Med. Ass.,
1995, 274,1049-1057.

3. Food Standards: amendement of standard identity
for enriched grain products to require addition of folic
acid.Fed.Reg., 1996, 61, 8781-8797.

4. Hladovec J. Experimental homocysteinemia:
endothelial lesions and thrombosis. Blood
Vessels, 1979, 16, 202-205. ;

5. Hyének J, Stfibrny J, Sebesta P et al.
Hyperhomocysteinemie: rizikovy faktor pro vznik
cévnich onemocnéni nezavisly na hladinach lipidd.
Cas. Iék. Ces., 1997, 136, 720-723.

6. Lubec B, Fang-Kirschner B. Evidence for
McKusick hypothesis of deficient collagen cross
linking in patients with homocystinuria. Bioch.
Biophys. Acta, 1996, 1315, 159-162.

7. Malinow MR, Bostom...Krauss. Homocysteine,
Diete and Cardiovascular diseases. A statement for
healthcare. Circulation, 1999, 99, 178-182.

8. McCully KS. Vascular pathology of
homocystinuria: implications for the pathologyx of
atherosclerosis. Amer. jiz Pathol., 1969, 53, 111-128.
9. Mudd SH, Levy HL, Skovby F. Disorders of
transulfuration. In Molecular Bases of Inherited
Diseases, Scriver, Beaudet, Sly, Valle (Eds). McGraw
Hill Inc., 1995, 1279-1327.

10. Nyggard O, Refsum H, Ueland PM. Major life-
style determinator of plasma homocysteine
distribution: The Hordaland Homocysteine Study.
Amer.J. Clin.Nutr., 1998, 67, 263-270.

11. Refsum H, Ueland PM. Recent data are not in
conflict with homocysteine as an cardiovasular risk

factor. Current Opinion Lipidology., 1998, 9, 533-539.
12. Selhub J. Homocystein metabolism. Ann. Rev.
Nutr., 1999, 19, 217-246

13. Scriver CR,Beaudet AL, Sly WS, Walle EEds. The
metabolic and molecular bases of inherited diseases. 7"
Edn. New York, McGraw Hill,1995.

14. Stamler JS, Malinow MR, Willet WC. A
prospective study of plasma homocysteine and risk of
myocardial infarction in US physicians. J. Amer. Med.
Ass., 1992, 268, 877-888.

15. Stampfer MJ, Malinow MR. Can lowering
homocysteine levels reduce cardiovascular risk?
N.Eng.J.Med., 1955, 332 328.

16. Wilcken D, Wilcken B. The pathogenesis of
coronary artery disease. A possible role for methionine
metabolism. J. Clin. Invest., 1976, 57, 1079-1082.

Supported by IGA Czech Ministry of
Health, Grant Project NE 3594-3

Prof. Josef Hyanek, MD, DSc, Hospital
Homolka, Dept. Clin. Biochemistry,
Metabolic Unit

15119 Prague5- Motol, Roentgenova 2
e-mail: josef.hyanek@homolka.cz

POHYBOVE USTROJI, roénik 7, 2000, &. 4 263



KASUISTIKA *

CASE REPORT

OPAKOVANA STRESS FRAKTURA TIBIE U DITETE

* J. SKOTAKOVA, ** M. STRAKA

* Klinika détské radiologie, ** Klinika détské ortopedie
Détska nemocnice FN Brno

SOUHRN

Autofi referuji o vySetfeni opakované
stress fraktury tibie magnetickou rezonanci
(MR) u détského pacienta. Literarni odkazy
potvrzuji opravnénost indikace tohoto
vySetfeni v nékterych pripadech.

Klicova slova: opakovana stress fraktura
tibie - indikace k vySetreni MR.

SUMMARY

Skotadkova J, Straka M. Recurrence
stress fracture of the tibiainachild.

The authors reffer about recurrence
stress fracture of the tibia in a child and
indication of magnetic resonance imaging
(MRI) insome cases.

Key words: Recurrence stress fracture of
thetibia- indications for MRI.

UvoD
Fraktury z pretézovani - "stress"
fraktury  a medialni tibidlni stress

syndrome (1), se vyskytuji u zdravych
adolescentli a mladych dospélych, mohou
doprovazet osteopordzu u starsich jedincd.
Je dobfe znamo, Ze se Gasto vyskytuji u
sportovcd (8) pfi opakovaném pretéZovan.
Pro stressové fraktury je typickym
priznakem bolestivost a klidova bolest. U
déti se vyskytuji natibii, tarzalnich kostech,

0s cuboideum, kalkaneu. Nalezneme je
dokonce jiz u kojenct, ktefi pFestanou
chodit, nebo kulhaji. V inicialni fazi je
skiagram v 72% negativni (5). Poranéni z
pfetéZovani se u sportujicich déti v posledni
dobé objevuji stdle Castéji (9). Poranéni
meékkych tkani je u déti méné Casté nez u
dospélych. Pro stanoveni spravné diagnézy
je nékdy pozadovano vysetfeni pomoci
magnetické rezonance (MR). MR je
indikovana u pacientd v ramci diferencialni
diagnostiky: stress fraktura, kostni nador
(Ewinglv tumor, osteosarkom),
osteomyelitida. Pfi MR vySetfeni je u stress
fraktur typicky nalez: linie lomu, edém
kostni dfené a zesileni signalu
(enhancement) extraosalné po podani
kontrastni latky. V kazuistice autofi referuji
0 vyskytu neobvyklé opakované stress
fraktury v oblasti proximéalni
diafyzometafyzy tibie u péti letého,
respektive sedmi letého chlapce. K
vylouceni suspektniho maligniho procesu
bylo skiagrafické vySetfeni doplnéno
vySetfenim magnetickou rezonanci.

KAZUISTIKA

Chlapec, ktery aktivné nesportuje, s
pricnou frakturou z pfetéZovani v oblasti
proximalni diafyzometafyzy levé tibie ve
véku 5 rokd, se v 7 letech dostavil s
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bolestivosti v oblasti levého kolenniho
kloubu. Na zhotovenych skiagramech byla
vysoce suspektni fraktura z pretézovani ve
stejné lokalizaci jako v prfedchozim
pfipadé, s velmi vyraznym periostalnim
svalkem. VVzhledem k anamnéze a ne zcela
typickému obrazu na skiagramech bylo
vySetfeni doplnéno magnetickou rezonanci
k vylouceni tumoru. Byl pouzit pfistroj
Magnetom Open Viva 0,2 Tesla.Ve vSech
sekvencich byly prokézany zmény typické
pro stress frakturu: ve STIR (obr.1) a T2
zvyseni signalu odpovidajici edému, v T1
vazenych obrazech hypointenzni linie
lomu (obr.2). Nitrodfefiova dutina nebyla
postiZzena Zadnym patologickym procesem.
Na kontrolnich skiagramech za 2 mésice
(obr.3,4) a za 4 mésice (obr.5,6) bylo
hojeni a regrese patologického nalezu.
STIR sekvence-short tau inversion
recovery-sekvence s potlatenim signalu
tuku. Je mimorFadné citlivd pro detekci
tekutinovych kolekci a edematdznich
zmeén. T1 sekvence ma kratky repeticni ¢as
(TR), T2 sekvence ma dlouhy TR, tekutina
v ni mavysoky signal.

DISKUSE

Stress fraktury se vyskytuji u déti od
raného véku (2). Mitchell (11) referuje o
vzacné dvojité stress frakture tibie u deseti
leté divky, u které byly skiagramy doplnény
MR vySetfenim k vylou€eni maligniho
procesu. Také Cuadra (4) publikoval préci
tykajici se stress fraktur u déti. U jednoho
pacienta prokazal 3 stress fraktury, z toho
na téze tibii nepretrzité, ¢i nasledné.V
ramci diferencialni diagnostiky bylo
provedeno vySetfeni MR, kostni
scintigrafie a biopsie. V literatufe byly
popsany longitudinalni stress fraktury v
oblasti stfedni a distalni diafyzy tibie. K

jejich diagnostikovani bylo vyuZito
vySetfeni MR (13). MR jednoznac¢né
prokaze linii lomu a abnormalni signal, jak
ve diefiové dutiné, tak v okolnich mékkych
tkéanich. Daunt (3) uvadi, Ze tibie je u déti
jednou z nejCastéji postizenych kosti pFi
stress  frakturdch. Lomna linie byva
transverzélni, méné Casto Sikm4, velmi
neobvykle podélna (referuje o 4 pfipadech
podélné stress fraktury tibie). Mnoho
autorli se shoduje v tom, Ze ve VétSiné
pripadd jsou skiagramy v inicialni fazi u
stress fraktur negativni. Napriklad Umans
(13) uvadi takovy soubor 6 déti s podélnou
stress frakturou tibie. Rentgenové
vySetfeni bylo doplnéno MR, které
prokédzalo pfFitomnost stress fraktury ve
vSech pripadech. Autor tuto vySetfovaci
metodu povazuje za nejprinosngjsi, nebot
MR ukaze: linii lomu, edém v okoli, svalek,
abnormality kostni dfené i mékkych tkani.
Je-li ndlez z vy3etfeni MR jasny, jsou
mozné kontroly pouze skiagramy.
Doporuduji se za 7 az 14 dn(, kdy se objevi
svalek. Dostupné jsou i komparativni
préace, které srovnavaji pfinos CT a MR
vySetfeni. MR ma vyssi senzitivitu nez CT
pfi detekci edému kostni dfené a postiZeni
mékkych tkani. Podle nékterych autord (7)
vS8ak mohou obrazy MR vést k mylné
interpretaci ve smyslu hodnoceni nélezu
jako agresivniho tedy maligniho procesu.
CT zlstava podle stejného autora nejlepsi
zobrazovaci metodou pro diagnostiku
longitudindlnich stressovych fraktur tibie,
avsak spravné hodnoceni obrazli MR m(iZe
na druhé strané zabranit zbytecné biopsii
nebo CT vySetfeni. DiFiori (6) popisuje
pfipad neobvyklé stress fraktury v oblasti
proximélniho konce fibuly u ¢trnécti
letého chlapce s bolestivosti trvajici
nékolik tydn(, bez Grazové anamnézy. Také
u tohoto pacienta se vySetfeni nativnimi
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Obr. 1 STIR sekvence
Fig. 1 STIR of the tibia

Obr. 2 T1 véazeny obraz
Fig.2 T1SE
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Obr. 3 Skiagram bérce - AP projekce Obr. 4 Skiagram bérce - bo¢na projekce
Fig. 3 X-ray of shank - AP projection Fig. 4 X-ray of shank - side projection
Obr. 5 Skiagram bérce - AP projekce Obr. 4 Skiagram bérce - bo¢na projekce
Fig. 5 X-ray of shank - AP projection Fig. 4 X-ray of shank - side projection
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snimky doplnilo MR k vylou€eni tumoru.
Na MR ma vlastni stress fraktura nizky
signal,v okoli je pFidruzeny intermediarni
signal v Tl vdZenych obrazech,vT2aSTIR
je zéna vysokého signalu, ktera obsahuje
vlastni frakturu a zénu okolniho edému.

V posledni dobé se objevuje vyraz
medial tibial stress syndrom (12), ktery byl
pfifazen ke stress frakturam. Predpoklada
se, Ze je zplsoben stress reakci fascie,
periostu a kosti podél posteromedialni ¢asti
tibie. Bolestivost a citlivost je pfitomna
podél medialni hrany stfedni a distalni
tibie. Priznaky exacerbuji pfi pohybu a
ustupuji v klidu (9). Casné zmény pfi
medial tibial stress syndromu nejsou
diferencovatelné na konvenénim
skiagramu a vyZaduji scintigrafii nebo MR.
I. stupen prokaze edém periostu - zvySeni
signdluv T2, dfefijevT1aT2 normalni.

Il. stupefi poranéni ukédZe wvyrazny
periostalni edém a pridruzeny edém dfené,
oboji hyperintenzniv T2.

I11. stupeni maedém kostni dfené vT1iT2.
IV. stupen je doprovézen jiz linii lomu. K
tomuto rozdéleni autofi dospéli na zakladé
komparace nalez( nascintigrafiia MR.

Wsetfeni MR se u stressovych fraktur
doporucuje tam, kde neni diagndza jasna z
nativniho skiagramu. Vylou€i v
diferencialni diagnostice malignitu, jestlize
ji stress fraktura imituje, nebo
osteomyelitidu.V posledni dobé se proto
stale Castéji objevuji prace zabyvajici se
touto problematikou.
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KASUISTIKA * CASE REPORT

DEFORMACE KYCELNIHO KLOUBU
NA LANGOBARDSKEM POHREBISTI
- JIZNI MORAVA

V. Smrika, > M. Svenssonova, ° I. Marik

! Klinika plastické chirurgie 1. LF UK a IPVZ Praha
? Katedra antroplogie, PFF MU Brno
* Ambulantni centrum pro vady pohybového aparatu
pfi Katedre antropologie a genetiky ¢lovéka, PFF UK Praha

SOUHRN

V langobardském pohfebisti LuZice
(jizni Morava) byla na skeletu muze (hrob
¢islo 2) pozorovéana deformita hlavice a
krcku femuru vznikld velmi
pravdépodobné jako nasledek Perthesovy
choroby nebo coxa vara adolescentium
(epifyzeolyza proximalni epifyzy femuru).
Tvar a velikost ostatnich nelplnych, ale
dobre zachovalych kosti vylu€uje postiZeni
kostry systémovou kostni chorobou
(metabolickou nebo kostni dysplazii). Levé
acetabulum je velmi Siroké a mélké, pravé
je normalniho tvaru. Stfed hlavice levého
femuru je posunut distalné, hlavice je
plocha zobakovité protazena, kréek kratky
a Siroky. Na medidlnim okraji je hlavice
poroticka. Nelze ur€it depresi hlavice v
oblasti ligamentum capitis femoris (fovea
capitis femoris). Krcek je kratky a Siroky.
RTG snimek ukazuje dobfe vytvorenou
trabekularni strukturu. Ortnerova kriteria
suchych kosti svéd¢i pro diagnézu coxa
vara adolescentium. Na z&kladé klinickych
zkuSenosti se priklanime k diagnéze
morbus Legg-Calvé-Perthes.

Klicova slova: langobardské pohrebisté

Luzice (jizni Morava, CZ), Perthesova
choroba, coxa varaadolescentium

SUMMARY

Smrcka V, Svenssonova M, Marik I. Hip
joint deformation in Langobard’s
burial-ground - South Moravia

Perthes’disease or slipped femoral
capital epiphysis (epiphyseolysis upper
femoral epiphysis) was diagnosed in the
left femur of a male skeleton (grave 2) from
the Langobard burial - ground in LuZice
(South Moravia) in Czech Republic. The
shape and size of other incomplete but well-
preserved bones exclude the observed
deformity of the femoral head from
systemic bone diseases (metabolic bone
diseases and bone dysplasias).

The left-hand side acetabulum is very
large and shallow, the right-hand side one is
normal. The central part of left femoral
head is displaced inferiorly. There is
porosity on medial view of the femoral
head. The depression for the ligamentum
capitis femoris cannot be defined. The
femoral neck is short and thick. The X-ray
film shows well-organised trabecular
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structure.

The Ortner’s criteria with dry bones
speaks for slipped femoral capital
epiphysis but on the other hand our clinical
view for Perthes”disease.

Key words: Langobard’s burial-ground in
Luzice (South Moravia, CZ), Perthes’
disease, slipped femoral capital epiphysis

UvoD

Langobardské pohrebisté LuZice se
nachazi 5 km jizné od Hodonina na Jizni
Morave.

Jde o doposud nejvétsi objevené
pohfebisté z doby stéhovani narodd na
naSem Uzemi datované do pfelomu 5. a 6.
stoleti naSeho letopoctu (5).V 80. letech zde
bylo odkryto pracovniky Archeologického
Ustavu AV v Brné pod vedenim Z. Klanicy
120 kostrovych hrobl. Antropologicky
material je deponovan v Narodnim muzeu v
Praze.

V hrobu €islo 2 byl uloZzen muz starsi
50 let (2, 3) s deformovanym levym
kyCelnim kloubem, jak v oblasti hlavice
stehenni kosti, tak i acetabula. DalSimi
chorobnymi zménami na skeletu je
pseudoatr6za Zebra a intravitalni ztraty
zubU v horni Celisti.

Skelet muze neni robustni, svalovy
reliéf je dobfe vyznacen, lebka je znacné
nedplna, z postkranialniho skeletu chybi
predevSim horni ¢ast hrudniku. Zelené
zbarveni na leve tibii ukazuje na kontakt s
bronzovym ¢i médénym pfedmeétem (4).

Patologické nalezy v hrobu ¢islo 2

Deformace levého kycelniho kloubu.
Hlavice levého femuru je oplostéla, s

okraji rozsSifenymi do hfibovitého tvaru.

Medialni tfetina hlavice je oddélena

Zlabkem, hlubSim na pfedni strané a
meél¢im dorzélné. PFi medidlnim okraji
zobakovité zahnuté hlavice jsou
osteoartrotické osteofyty. Z velkého
trochanteru zbyla jen jeho Cast a zfejmé
pfevySoval hlavici. Kréek femoru je
zkraceny a ztluStény. Na pravém femuru se
hlavice nezachovala. Diafyzy obou femur(i
maji stejny tvar i Sifku. Acetabulum vlevo
je ve srovnani s pravostrannym zfetelné
plossi, v priméru i v §iFi facies lunataje o |
cm Vvetsi. Ve stfedni a pFedni Casti facies
lunata jsou tfi mélké jamky v priméru I cm.
Zadni okraj acetabula je oproti pravé strané
zaoblen, nejsou znamky neoacetabula
proximalné ani dorsalné - obr. 1.

Obr. 1. Kycelni klouby skeletu z hrobu €islo 2 v
Luzicich - dorzalni pohled.
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Na RTG snimku levého kycelniho
kloubu je skleroticka struktura kostni tkané
v predni Casti facies lunata jako nasledek
funkéniho pfetéZovani. Hlavice je plocha,
medialné zobakovité protazena, krcek je
kratky a Siroky, velky trochanter je v pozici
C. Kostni struktura Adamsova oblouku a
trdmc&ina ventromedilniho kvadrantu
hlavice je sklerotick&-obr.2a3.

Pseudoartroza zebra

V oblasti hrudniku byl nalezen Glomek
Zzebra s pseudoartréozou obtizné
lokalizovatelny. Lomna linie je zvinéna,
prochazi pouze pfedni stranou Zebra. Zadni
strana neni poruSenaa ve sméru lomné linie
je pohmatem zjistitelné vyklenuti. To je i
viditelné na hornim okraji Zebra. Na RTG
snimku je zfetelna kondenzace sklerotické
kosti v celém okoli lomné linie.

Intravitalni ztrata zubG v horni Celisti
V horni Celisti vlevo je intravitalni

ztrdta C1, P1, P2 a M1 a soucasné i M2

vpravo. Dikazem, Ze ke ztraté doSlo za

Zivota jedince je rozdilny obrus v dolni
Celisti vlevo na P1 a P2 . Tyto zuby nejsou
obrouSeny, kdezto na vSech ostatnich
vyjmastolicek M3 je zfetelny silny obrus.

DISKUSE

Jednostrannd deformace hlavice
femuru, rozsifeni a varozita krcku vznika
nejCastéji jako nasledek Legg-Calvé-
Perthesovy choroby (osteochondritis of the
upper femoral epiphysis, coxa plana) - obr.
4, nebo jako dlsledek epifyzeolyzy akutni
(traumatické) Ci spontanni (poSkozeni
ristové epifyzy zanétem,
hypothyreoidismem aj.), ktera se vyskytuje
vzacnéji (1 - 3 : 100 000 Zivé narozenych
déti /1/)- obr. 5. V nékterych pripadech je
pricina vrozena (napf. coxa vara congenita
- obr. 6, mnohocetna epifyzarni dysplazie -
obr. 7, dysplazie ky€elniho kloubu apod.).
Tvar hlavice a acetabula v dospélosti je
vysledkem adaptacnich funk&nich zmén
(remodelace), které vznikaji v rdstovém
obdobi v zavislosti na z&vaznosti

Obr. 2 a 3. RTG snimky proximalniho konce levého femuru a acetabula v zadopfedni projekci - rizna tvrdost

RTG zéfeni.
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primarniho po3kozeni cévniho z&sobeni
hlavice a na véku, ve kterém afekce
vznikla. Obecné plati, Ze ¢im je dité mladsi,
tim se vice uplatni remodelace, kterd mize
byt pfiznivé ovlivnéna konzervativnim
anebo operacnim lécenim. V opacnych
pripadech, kde osteonekroza hlavice z
jakychkoliv pfi€in vznikne u starSiho ditéte
nebo dokonce po skonéeni rlistu, dochazi k
biomechanicky zavazné destrukci hlavice a
rychlému rozvoji deformacni koxartrozy.
Zlabek na hlavici levého femuru je
velmi pravdépodné zplsoben tlakem
okraje acetabula na subluxovanou
deformovanou hlavici. Oplosténé a
rozSifené acetabulum, hfibovity tvar
hlavice medialné zobakovité protazené,

nemoznost uréeni deprese pro ligamentum
capitis femoris a €aste¢na pordza hlavice
nas vede k zavéru, ze deformace kycelniho
kloubu vznikla jako dlsledek nelétené
jednostranné aseptické nekrézy hlavice
femuru (morbus Legg-Calvé-Perthes).

Pfi hodnoceni dle kriterii
vypracovanych Ortnerem a Putscharem (4)
nemdZeme vyloudit ani epifyzeolyzu
proximalniho konce femuru. Levy femur
byl ulozen v rozSifeném, zvétSeném
acetabulu, ale bez neoacetabula. Centrum
hlavice je posunuto distalné pod vrchol
velkeho trochanteru. Kréek hlavice je
zkréceny a rozsifeny. Na RTG snimku je
zfetelnd trabekularni struktura.

U pseudoartrézy Zebra jde

Obr. 7. Mnohocetna epifyzarni dysplazie - typ Fairbank, 45 let.
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pravdépodobné o 4. - 9. Zebro, kde
nejcastéji vznikaji zlomeniny a to v jeho
zadni Casti vzhledem k tomu, Ze jde o
nepfimou zlomeninu. NepFfimym
mechanismem, stlatenim hrudniku
zepfedu i zezadu vznika zlomenina predni
strany ato v axialni €i vertebralni €asti, jako
v tomto pFipadé (2). Jde o pseudoartrozu se
zduFeni v hornim okraji Zebra a kondenzaci
okrajd lomnych ploch na RTG snimku.

ZAVER

Predpokladéame, Ze deformace levého
kyCelniho kloubu u hrobu Cislo 2 na
langobardském pohfebisti v LuZici vznikla
velmi pravdépodobné jako nasledek
aseptické nekrdzy hlavice femuru - morbus
Legg-Calvé-Perthes. Nelze vylougit
epifyseolyzu proximalni epifyzy femuru,
ale ani jiné vrozené a vyvojové vady s
asymetrickym postizenim kycelnich
kloubd.

Podékovani
Za zapljéeni kosterniho materialu
dékujeme vedouci Antropologického.

oddéleni Narodniho Muzea RNDr. M.
Dobisikové, za fotografickou dokumentaci
E. TrokSiarovi.

LITERATURA

1. Kelsey JL. Epidemiology of slipped capital femoral
epiphysis. A review of the literature. Pediatrics, 51,
1973, 1042 - 50.

2. Knussman R. Anthropologie, Handbuch der
vergleichenden Biologie des Menschen (4. Auflage
des Lehrbuchs der Anthropologie begriindet von
Rudolf Martin ), Band 1(1988) und 11 (1992). Stuttgart,
Jena, New York: Gustav Fischer Verlag, 1988.

3. NovotnyV. Pohlavni rozdily a identifikace pohlavi
panevni kosti. Kandidatska dizertatni prace. Brno: LF
UJEP, 1981.

4. Ortner DJ, Putschar WGJ. Identification of
pathological condititions in human skeletal remains ,
Washington: Smithsonian Institution Press, 1981,
479s.

5. Tejral J. Za dob velkého neklidu ( doba stéhovani
narodl) in: Podborsky V. etal: Pravéké dgjiny
Moravy. Vlastivéda moravska, zemé a lid. Nova fada,
sv. 3. Muzejni a vlastivédna spolecnost v Brné, 1993,
s.471-503.

Doc. MUDr. Vaclav Smrcka, CSc.
Nadrazni 113
26401 Sedl¢any

POHYBOVE USTROJI, roénik 7, 2000, &. 4 273



OBSAH ROCNIKU 1999 & 2000

SOUBORNE REFERATY
Mazurova F, Mazura |, Mafik I. Moznosti diagnostiky achondroplazie a

neurofibromatézy (NF-1) molekularné genetickymi metodami ............c.ccoccevenee. 1/99, 5.6
Strouhal E, Kuklik M. Paleopatologie - historie a Sou€asnost ............c.ccccevveveniae 1/99, s.11
Jani¢ek P. Struktura a vymezeni bioinzenyrskych obord ............c.ccccceeuevererennen, 1/99, .16
Prochazkova J. Dentinogenesis imperfecta jako jeden ze symptom( osteogenesis
imperfecta a vrozené vady dentinu ...........coceoerrrieiinnseienee e 1/99, s.24
PetrtylM. Biomechanické a biotermodynamické zakonitosti

remodelace KOSINT tKANE .........coviiiiiie e 1/99, s.28
Adam M. Osteoporosa - diagnosa a lé¢ba ( dopis pfedsedy Spole€nosti pro vyzkum a
vyuziti pojivovych tkani ministrovi zdravotnictvi ) ..o, 1/99, 5.73
Janicek P.Biomechanické problémy ortopedie,moznosti a bariéry jejich feSeni .2/99, .84
Poul J. Indikace ortopedickych vilozek v détském VEKU ..........c.ccceevrriverenne. 3+4/99, 5.164
Kuklik M. Genetika kon€etinovych vad............ccccooeveiiieieneiisenesens e, 3+4/99,5.168
Dylevsky I. Morfogeneze KONCELiN...........covveireiniinineeccesc e 3+4/99,5.180
Prokopec M. Hlavni védecké problémy, feSené AleSem Hrdli€kou ............ccoe....... 1/00,s.6

Cetta G, Tenni R, Zanaboni G, Valli M, Rossi A, Forlino A, Piazza R and Dyne KM.
Vrozené choroby pojivové tkané

- 25 leté zkuSenosti S VYZKUMEM VPAVIT ..o 4/00,s. 225
MONOGRAFIE

Mafrik I. Systémové, konCetinové a kombinované vady skeletu — 1. ¢ast: diagnosticke,
terapeutické a biomechanické aspekty ........ccovvveveiiiiirnisie e 2+3/00, s. 83

PUVODNI PRACE

Vukasinovic Z, Zajic L, Slavkovic S, Vukadin 0, Milickovic S.Prvni zkuSenosti s troji
panevni 0steotomii V JUGOSIAVIT ....c.cceviveiiiiiceice e 1/99, s.49
Sochor M, Balik K, Cabrnoch B, Vilimek M, Kfena J. Kompozitni dlahy pro
osteosyntézu dlouhych kosti - srovnani experimentalnich

a FEM (pocetnich) VYSIedKL ..............cocvvvrivveciiciicec s 2/99, 5.106
Culik J, Petrtyl M. Materialové charakteristiky osteont kortikalni kosti .......... 2/99, 5.114
Straus J. Geometrické a dynamické znaky v podogramu détské nohy ............. 2/99,s.124

Mafik I, Smrcka V, Kuklik M, KFiz V, Hadraba I. Klasifikace, biomechanické aspekty a
komplexni 1éCeni vrozenych koncetinovych anomalii u generalizovanych skeletalnich

(V7 (o 3+4/99, 5.187
Zemkova D, Mafik I. Predikce rlistu vrozenych zkratl segmentl kongetin.......3+4/99, 5.224
Petrtyl M, DaneSova J. Obecnéteorie remodalce kostni tkang.............c.ccc.c...... 3+4/99,5.244
Roth M. Neuroadaptivni zmény vypadajici jako primarni kostni

AFBKCE ettt 1/00, s. 15
Hulejova H, Martinek J, Adam M. Vliv kolagenniho hydrolyzatu na expresi nékterych
cytokind pfi adjuvantni artritidé a histologické sledovani jejiho priibéhu.......... 1/00, s. 24
PeSdkova V, Klézl Z, Cech O, Pohunkova H, Adam M. Transplantace autolognich
chondrocytl do defektl kloubni chrupavky miniprasat .............ccccecveveeveeecennne. 1/00, s. 34

274 LOCOMOTOR SYSTEM VOL. 7, 2000, No. 4



CUlIK J. MEChANTKA TUKY ..ot snesses s eneeen 1/00, s. 42
Vukasinovic Z, Zivkovic Z, Zajic L. NaSe zkuSenosti s osteoartikularni TBC

U BLT ettt bbb 4/00, s. 237
Stok K, Oloyede A. Zavislost biomechanickych odpovédi trabekularni kosti na hustoté a
pomeérném namahani pFi torsnim zat€ZoVani ..........ccecevevevereierecci e 4/00, s. 245

Hyanek J, Mafik I, Pejznochova H, Hyéankova E, Pinkasova J, Dubské L, Cabrnochova I,
Jen€ova H, Stancové C, Martinikova V. Diagnosticky vyznam mirné

hyperhomocysteinémie u déti s kostnimi dysplaziemi ..........cccccevevvviviivnnrnene 4/00, s. 258
KASUISTIKY

Hasegawa T, Kozlowski K, Nishimura G, Hara H, Hasegawa Y, Aso T, Koto S, Nagai T,
Tsuchiya Y: Spondylometaphysealni dysplazie s regresivni platyspondylii ........ 1/99, s.53
Kuklik M, Mafik I. Syndrom Hallerman(v-Streifflv-Francois(v (dysmorphia
Mandibulo-0CUlO-FACIAlIS) .......cvvviiiiii i 2/99, 5.131
Skotékova J, Straka M. Opakovana stress fraktura tibie u ditéte ..................... 4/00, s. 264
Smrcka V, Svenssonova M, Mafik I. Deformace kycelniho kloubu na Langobardském
PONTEDIStE - JIZNT MOFAVA ....ccvecviciiciice e 4/00, s. 269
KONFERENCE

XII. Evropsky sjezd paleopatologické spolecnosti,

Praha - Pl1zefi, 26.-29.5rpNna 1998 ..ot 1/99, s.60
IV. Setkani evropské skupiny pro denzitometrii v pediatrii,

Praha, 25. ZAFT 1998 .......coviiieiiee ettt 1/99, s.62
Adam M. 6. Mezinarodni konference o chemii a biologii mineralizovanych tkani, Vittel -
Francie, 1.- 6. Listopadu 1998 ..........cccccoeiiiiieiieiesese e 2/99, 5.146
Marik 1. 4. Seminar o podologii, Praha, 20. 2. 1999 .......ccccovvviiernnrieesieienns 2/99, s.157
Matrik |. Seminar Vrozené koncetinové vady, 5.6. 1999 ...........ccceverrrierieieninen, 2/99, 5.158
Blaha P, Sabik D. 4. mezinarodni antropologicky kongres Alese Hrdlicky, Praha a
Humpolec, 31.srpna - 4. zafi 1999, vybrand abstrakta.............cc.ccovenneninnen. 3+4/99, 5.264
Pavelka K. Tegzova D. Muskuloskeletalni onemocnénti, jejich vyskyt, zavaznost, 1é¢ba a
prevence, Symposium "Dekada kosti a kloub(" 25. 2. 2000, Praha .................. 1/00, s. 59
ZPRAVY

SIOVO CLENATUM .....cevvieccte ettt ettt bbb 1/99, s.5
Charta prav déti V NEMOCNICH ......ccovveiiieiiieiieeseese e 1/99, s.59
Zpréva o Cinnosti Spole€nosti pro vyzkum a vyuZiti pojivovych tkani v roce 1998

(R =1 X 74 SRS 1/99, 5.70
Zpréva o ¢innosti Odborné spole&nosti ortopedicko-protetické Ceské lékarské
spolecnosti J.E. PUrkyng v roce 1998 ........ccccceviiiiiie e e e 1/99, 5.72
Odborné sluzby Narodni 1ékarské Knihovny ..........cccoveriiennienniensienec e 2/99, s.159
Obsah roénik{ 1998 @ 1999.........cccevviiirireiiecreie et e, 3+4/99, s. 286

POHYBOVE USTROJI, roénik 7, 2000, &. 4 275



SIOVO CEENATUM ..ottt ettt ettt et e et et e ee e e et e e s 1/00,s.5
Zprava o €innosti Spole¢nosti pro vyzkum a vyuZiti pojivovych tkani (Praha, CZ) v roce

1999, bbb et ettt et st e e 1/00, s. 63
Zpréva o Cinnosti Odborné spolecnosti ortopedicko-protetické

Ceské Iékarské spolecnosti J.E.PUrkyné v roce 1999 ..........ccccoemrerrrrreerrnrenens 1/00, s. 68
Obsah ro6nikl 1999 - 2000 ........ccceeveeerereieeieecieiee e eeee et 4/00, s. 274
RECENZE

Straus J. Forenzni biomechanika (1999) ... 2/99, s. 143
Smréka V, Dylevsky 1. Flexory ruky. Brno, Institut pro dal$i vzdélavani pracovnikd ve
zdravotniCtvi, 1999, 162 S. ...occeiviiiiiieiiieere e 1/00, s. 69
ZIVOTNI JUBILEA

Zivotni jubileum doc. MUDT. Ivana Hadraby, CSC. .......cc.coeurvimreneenreniinnineenn. 1/00, 5. 70
Prof.MUDr. Jaroslav BIahos, DISC. ......ccccocveiiiiiiiiiece e 2+3/00, s. 216
MUDT. IVO MaAFTK, CSC. weoiviiiiieietee ettt ettt ns 4/00, s. 280

276 LOCOMOTOR SYSTEM VOL. 7, 2000, No. 4



CONTENTS VOL. 1999 & 2000

REVIEWS

Mazurova F, Mazura |, Mafik I. The possibilities of diagnostics of achondro-plasia and
neurofibromatosis (NF-1) with the use of molecular genetic methods................. 1/99, p.6
Strouhal E. Paleopathology - history and present...........ccocevevveieiveieeivsinsiese s 1/99,p.11
Jani€ek P. The structure and delineation of bioengineering branches..................... 1/99,p.16
Prochazkova J. Dentinogenesis imperfecta as a one symptom of osteogenesis imperfecta
and an inborn errors Of deNtine...........cooiiiiiiiie e 1/99,p.24
Petrtyl M. The biomechanical and biothermodynamical laws of bone tissue
=T 0000 [T =1 o] o TSR 1/99,p.28
Osteoporosis - diagnosis and treatment (a letter of head of the Society for Connective Tissue
Research and Biological Use to Minister of Health).............cccccooviviiii e, 1/99,p.73
Jani¢ek P. Biomechanical problems of orthopaedics, possibilities and barriers of their
SOIULION. ...t bbb ettt be b 2/99,p.84
PoulJ. Indication of arch supportersin childhood............cccccceoniiiniinien. 3+4/99,p.164
Kuklik M. Genetics of congenital limb defects ...........c.ccoorrcieiinicicic e, 3+4/99,p.168
Dylevskyl. Morphogenesis of eXtremities..........cocoovevrennennensieneieseeee 3+4/99, p.180
Prokopec M. Major scientific problemsworked on by AleS Hrdli¢ka...................... 1/00,p.6

Cetta G, Tenni R, Zanaboni G, Valli M, Rossi A, Forlino A, Piazza R and Dyne KM.
Inherited connective tissue disorders

- 25 years of research experience iNPavia ... 4/00, p. 225
MONOGRAPH

Mafik I. Systemic, limb and combined defects of the skeleton — part 1: diagnostic,
therapeutical and biomechanical aSpects .........ccccvvvvrerereeieisie s 2+3/00, p. 83
ORIGINALPAPERS

Vukasinovic Z, Zajic L, Slavkovic S, Vukadin O, Milickovic S. The first experience with
triple pelvic osteotomy in YUQOSIAVIA..........ccoeireinieiineiiiese e 1/99, p.49
Sochor M, Balik K, Cabrnoch B,Vilimek M, Kfena J. Composite plates for osteosynthesis
of long bones - comparison of experimental and FEM results.................cc.coove... 2/99,p.106
Culik J, Petrtyl M. Material characteristics of cortical bone osteons..................... 2/99,p.114
Straus J. Geometric and dynamic features of child foot podogram.................... 2/99,p.124

Marik 1, Smréka V, Kuklik M, Hadraba I. Classification, biomechanical aspects and
comprehensive treatment of congenital limb anomalies

atgeneralised skeletal deformities..........coeireiriiniin s 3+4/99, p.187
Zemkovd D, Marfik I. Prediction of growth and segmental shortenings of limb
(0[S 1=Tox £ 3+4/99,p.224
Petrtyl M, DaneSova J. General Theory of Bone Remodeling..........cccccovevvnee. 3+4/99, p.244
Roth M. Neuroadaptive changes of seemingly primary bone affections................ 1/00,p. 15

Hulejova H, Martinek J, Adam M.
The effect of collagen hydrolysate on some cytokines expression in the adjuvans arthritis

POHYBOVE USTROJI, roénik 7, 2000, &. 4 277



and on histological picture of itS COUrSE ...........cocvruriiiiiiinii s 1/00, p. 24
PeSékova V, Klézl Z, Cech O, Pohunkova H, Adam M. Transplantation of autologous

chondrocytes into cartilage defects of MiNIPIgS .....coveverevericiciscr s 1/00,p. 34
Culik J. Mechanics 0F the NaNM ............c..ovcuieeieeeeeeeeeeeee s 1/00, p. 42
Vukasinovic Z, Zivkovic Z, Zajic L. Our experience with osteoarticular tuberculosis in
CRITATEN bbbt 4/00, p. 237
Stok K, Oloyede A. Dependence of the biomechanical responses of the trabecular boneon
density and strain-rate under torsional 10ading ............ccccovevreiiinnnnenee, 4/00, p. 245

Hyanek J, Marik I, Pejznochova H, Hyankova E, Pinkasova J, Dubska L, Cabrnochova I,
Jentova H, Stancova C, Martinikovd V. Diagnostic significance of mild
hyperhomocysteinemiain children suffering from bone dysplasias.................... 4/00, p. 258

CASE REPORTS
Hasegawa T, Kozlowski K, Nishimura G, Hara H, Hasegawa Y, Aso T, Koto S,
Nagai T, Tsuchiya Y: Spondylo-metaphyseal Dysplasia with Regressive

PIALYSPONAYIY.......eoeiviieiiiciree e 1/99,p.53
Kuklik M, Mafik I. Hallermann - Streff - Francois syndrome (Oculomandibulo - facial
Y1000 | €] 101 I RSOSSN 2/99,p.131
Skotékova J, Straka M. Recurrence stress fracture of the tibiainachild............... 4/00, p. 264
Smrcka V, Svenssonova M, Mafrik I. Hip joint deformation in Langobard”s burial-ground -
SOUTN IMIOTAVIA ...ttt ettt be e st e be e sare s 4/00, p. 269
CONFERENCES

XlIth European Meeting of the Paleopatho-logy Association, Prague - Pilsen, Czech
Republic, AugUSt 26 - 29, 1998..........ccciiiieieiee et 1/99, p.60
IVth Meeting European Group for Densitometry Measurement in Paediatrics, Prague,
SEPEMDEr 25, 1998.... ..ot e 1/99, p.62
Adam M. 6th International Conference about Chemistry and Biology of Mineralized
Tissues, Vittel - France, 1st-6th November1998...........ccocveveiieeceeiii e, 2/99,p.146
Mafrik I. The 4th Conference on Podology, Prague, 20th February 1999............... 2/99, p.157
Mafrik I. Conference on Congenital Limb Defects, Prague, 5th June 1999............. 2/99,p.158

Blaha P, Sabik D. IVth International Congress of Ale$ Hrdlicka, Prague and Humpolec,
Czech Republic,August 31-September 4, 1999:

SeIECTEA ADSLIACTS. ... eveteieete e e 3+4/99, p.264
Pavelka K. Tegzova D. Musculoskeletal diseases, their incidence, severity, treatment and
prevention. Symposium “Bone and Joint Decade”

25.2.2000, PTagUE ....eceeieiieriiieieieeeeee s et e sttt st ena e e sne st sne e 1/00,p.59
RECENSION

Straus J. Forensic Biomechanics (1999)........cccoiieiniiiiiiniene e 2/99, p.143
NEWS

YN0 (o (ol =T (0 [ £ 1/99, p.5

278 LOCOMOTOR SYSTEM VOL. 7, 2000, No. 4



The Charter of Children s Rights in HOSpital............coooeiiiniiniiiieee 1/99,p.59
Activities of the Society for Connective Tissue Research and Biological Use, (Prague,

CzeCh RepUDIC)INL1998........cviieieiceei et 1/99,p.70
Activities of the Czech Society for Prosthetics and Orthotics of the Czech Medical Society
J E.PUrKYNE IN1998......ciiiiiiiiceiiee ettt 1/99,p.72
Professional Services of National Medical Library...........c.ccccovoreinennienniennenes 2/99,p.9
Contents VoL, 1998, 1999.......ccuuiiiiiiiecee et 3+4/99, p. 286
F TV (0 R (o (T (o (<Y ¢3S 1/00,p.5
Activities of the Society for Connective Tissue Research and Biological Use (Prague, Czech
Republic) iN1999 ..o s 1/00,p. 63
Activities of the Czech Society for Prosthetics and Orthotics

of the Czech Medical Society J.E.PUrkyn€in1999 ..........ccccociininiin e 1/00, p. 68
ContentsVol. 1999 and 2000 ..........coveerieririeierieie ettt 4/00,p. 277
NEW BOOKS

Smrcka V, Dylevsky I. Hand flexors. Brno, Institute for postgraduate education of workers
inhealthcare, 1999, 162 P....ccveveiiieieeceeese s 1/00, p. 69
ANNIVERSARIES

Anniversary of Assoc. Prof. lvan Hadraba, MD, PhD. ..........ccccoooiiiinincnnnn. 1/00, p. 70
Anniversary of Jaroslav Blaho§, MD, DSc, Prof. ..o 2+3/00, p. 216
Anniversary of Ivo MafFik, MD, PhD. .........ccccoiiiiiiininine e 4/00, p. 280

POHYBOVE USTROJI, roénik 7, 2000, &. 4 279



ZIVOTNI JUBILEA

*

ANNIVERSARIES

MUDr. Ivo Marik, CSc. - laudatio k 50. narozeninam

Je zvykem pfFiblizit oslavence
Stenafdm daji  Zivotopisnymi, a proto
pfipojujeme jeho curriculum vitae.

MUDr. Ivo M a ¥ i k, CSc. se narodil v
rodiné Iékare a ucitelky 6. Unora 1950 v

Praze.

Zékladni Skola, Praha 10, 1956 - 1965

Stredni $kola, Praha 10, 1965 - 1968

Maturitni zkouska kvéten 1968

Lékarska Fakulta KU v Praze, 1969 - 1975

Odborna kvalifikace: Lékafskad Fakulta v Praze -
ziskanidiplomu - ¢erven 1975

Atestace z pediatrie 1. st. - kvéten 1979

Atestace z ortopedie a traumatologie 1. st. - listopad
1982

Kandidat Iékarskych véd - téze "Kostni dysplazie" -
kvéten 1987

Atestace z ortopedie 2. st. - prosinec 1987

Ziskani Licence CLK pro obor ortopedie 1995,
pediatrie 1995, ortopedicka protetika 1997

POSTGRADUALNIPRAXE

Lécebna TRN v Janové, KUNZ Plzefi - 6 tydnd,
Gtvarovy lékaF VU Prost&jov - 1 rok

Sekundarni 1ékar pediatrického oddéleni NsP v
Berouné a obvodni pediatr -1976-1979. Obvodni
pediatr OUNZ v Praze 3- 1979 - 1980

Sekundarni Iékaf ortopedické kliniky 2. LF UK v
Praze - 1980-82

Veédecky aspirant na ortopedické klinice 2. LF UK v
Praze - 1982-86

Samostatny védecky pracovnik na ortopedické klinice
2.LF UKV Praze-1988-1991

Ziskani védeckého stupné I1.a CSAV - prosinec 1991
Odborny asistent ortopedickeé kliniky 2.LF UK v Praze
1991-1994

Zakladatel a vedouci Ambulantniho centra pro vady
pohybového aparatu v Praze 3 - 1994 az dosud,
1.1.1998 afiliace ke Katedfe antropologie a genetiky
Clovéka, PFF UK v Praze

Ordinaf pro détskou ortopedii rehabilitatniho
oddéleni NsP Kostelecn. C.1.-1991 - 1996

Ordinar pro détskou ortopedii ortopedického oddéleni
NsP Pfibram - 1994 - 2000

r 3

DALSI CINNOST

- zakladajici ¢len Ceské spolegnosti chirurgie a
rehabilitace ruky, 1988

- zakladajici &len Ceské spole¢nosti pro vyzkum a
vyuziti pojivovych tkani, 1993 (¢len vyboru od 1993 -)
- zakladajici ¢len Odborné spolecnosti ortopedicko-
protetické Ceské lékafské spolecnosti J.E. Purkyng,
1994

- zakladajici ¢len pracovni skupiny pro osteologii a
fosfokalciovy metabolismus Ceské pediatrické
spole¢nosti J.E. Purkyné, 1995 (¢len vyboru od roku
1997-)

- Elenstvi ve spolecnostech Ceské IékaFské spolecnosti
J.E. Purkyné - Ceské& pediatricka. Ceska
revmatologicka, dale v Ceské spolegnosti pro
ortopedii a traumatologii, Ceské spole€nosti pro
biomechaniku pfi CSAV a v Ceské spolegnosti pro
Grazovou chirurgii

- zakladatel a vedouci redaktor védeckého Casopisu
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"Pohybové Ustroji - pokroky ve vyzkumu, diagnostice
aterapii”, EMBASE / Excerpta Medica (1994 -)

- zakladajici ¢len Mafikovy nadace pro déti s vadami
pohybového Ustroji - 21. fijna 1992, ukon€eni ¢innosti
fijen 1994

- externi €len a u€itel Katedry antropologie a genetiky
Clovéka PfF UK v Praze, obor "Biomechanika a
patobiomechanika pohybového aparatu"”
(patobiomechanika kostnich deformit u kostnich
dysplazif, kongetinovych a kombinovanych defektd a
ziskanych kostnich deformit-1.3. 1998.

PUBLIKACE, PREDNASKY, MONOGRAFIE

Uvefejnil pfes 70 odbornych publikaci v
periodicich doma i v zahrani¢i (27 pdvodnich praci, 18
kasuistickych a 21 soubornych praci, 6 proceedings,
17 abstrakt bylo publikovdno v casopisech).
Prednasky nebo postery - okolo 170, z toho polovina
na kongresech s mezinadrodni Ucasti ¢i v zahranici.
Abstrakta - vice nez 100, vice nez polovinaz nich byla
uvefejnéna ve sbornicich ze zahraniénich kongrest a
sjezdli nebo ve sbornicich s mezinarodni Géasti.

Napsal 2 kapitoly ve skriptech pro mediky LF
(Kubét R et al. Ortopedie a traumatologie pohybového
Ustroji. Skripta, Praha: SPN, 1985).

Mafik 1. Kostni dysplazie. Kandidatska
disertacni prace, 1. a 2. svazek, Praha: FDL UK, 1986,
470s.

Wtvofil s tymem spolupracovnikd jeden
vyukovy videofilm " Complex care for patients with
osteogenesis imperfecta” (Praha: IPVZ,1991).

Je spoluautorem monografie: Smrcka V,
Dylevsky |, MafFik |. Extenzory ruky. Brno: Institut pro
dalsi vzdélavani pracovnik( ve zdravotnictvi v Brné,
1998,130s.

Predlozil habilitaéni praci: Mafik I. Systémové,
koncetinové a kombinované vady skeletu:
diagnostické, terapeutické a biomechanické aspekty -
1. ¢ast. Monografie. In: Pohybové Ustroji, 7, 2000,
2+3,137s. - vtisku.

STUDIINI A PREDNASKOVE POBYTY v
zahranic€i (invited speaker)

Klinikum Der Johannes Gutenberg - Univesitat,
Kinderklinik, Mainz, SRN - 9.10 - 26.10. 1989 (Head
Prof. J. Spranger)

Glostrup County Hospital, orthopedic department A
(head Dr. Ole Mogens Hansen), Glostrup, Denmark -
31.1. - 30. 3. 1991 - béhem pobytu 2 prednasky.
Rigshospitalet - orthopaedic clinic (Head Dr. Steen
Back Christensen), Copenhagen, Denmark -
pfednaska 7.3.1991.

Orthopaedic clinic Wien, Austria (Head Prof. Dr.
Kotz)-10.6.1991

Werner-Wicker-Klinik, Bad Wildungen -
Reinhardshausen, Orthopaedisches
Schwerpunktklinikum (Head Doz. Dr. Métz), SRN -
18.8.-23.8.1991

The Princess Margaret Rose Orthpaedic Hospital,
Edinburgh and The Hospital for Sick Children (Head
Mr. M. Malcolm), London, UK - 1.11.-17.12. 1993

The New Children’s Hospital, Royal Alexandra
Hospital for Children, Parramatta NSW 2124,
Orthopaedic paediatric department (Head Dr. M.
Bellemore) Sydney, Australia - 19.11. 1997 a
1.12.1999

ZALIBY

veslovani, cyklistika, terénni béh, lyZovéani na bézkach
veslovani - zlatd medaile, Ctyrka parova (kategorie C -
43 letavyse), Fisa Masters Regatta, Adelaide 1997

UZNANI

Diploma of Fellowship of the American Biographical
Institute (F.A.B.1), August 27, 1999

Honorary Member of the International Biographical
Centre (IBC) Advisory Council, 1st October 1999

ORGANIZACE KONFERENCIA SYMPOZII

1. Seminar firmy Euroortopedi AB Sweden,
20.1.1996, sal VIA na Ujezdg, Praha. 2. Seminaf o
podologii, 22.2.1997, séal VIA na Ujezdé, Praha 1. 3.
Seminéaf o spondylologii, 14. 6. 1997, sal VIA na
Ujezdé, Praha 1. 4. Seminafr
,Osteochondrodysplazie*, 25.4. 1998, sal VIA na
Ujezdg, Praha 1. 5. 3. SeminaF o podologii, 16.5.1998,
sal VIA na Ujezdg, Praha 1. 6. 4. Seminaf
,PODOLOGIE*, 20.2.1999, sal VIAna Ujezdé, Praha
1.7. Seminar ,,Vrozené koncetinové vady*“, 5.6. 1999,
sél VIAna Ujezdg, Praha 1. 8. The Symposium "Bone
Dysplasias" v ramci Ivth International Conress of Ale$
Hrdlicka, Hotel Krystal, Praha 3. 9. 1999. 9. 5.
doSkolovaci podologicky seminaf, 19.2. 2000, sal VIA
na Ujezd§, Praha 1. 10. The 1st Prague-Sydney
Symposium: Kostni dysplazie diagnostika, genetické
poradenstvi, léceni, 14.11. 2000, Katedra
antropologie a genetiky ¢lovéka, PfF UK Praha.

Osobnost MUDr. Marika a jeho
odborny rdst v letech 1980 - 1990
charakterizoval jeho byvaly ucitel pan
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profesor MUDr. Rudolf Kubéat, DrSc.
(emeritni pfednosta ortopedické kliniky 2.
LFUKaFNv Motole).

Od samého zaGatku pusobeni na
klinice se MUDr. Mafik vénoval vrozenym
vadam pohybového Ustroji a také jeho celd
védecka prace se nesla timto smérem.
Pracoval jako samostatny védecky
pracovnik povéfeny specielné
problematikou systémovych chorob
skeletu. V této problematice byl povéfen
zpracovanim kostnich dysplazii jako téma
kandidatské prace. Jeho Skolitelem byl i
pan prof. MUDr. Stanislav Popelka, DrSc.,
ktery se této problematice na Kklinice
vénoval v letech minulych. Kandidatskou
disertaéni praci "Kostni dysplazie" Dr.
Mafik obhdjil v roce 1987. Byla vétSinou
¢lend komise hodnocena  jako préace
presahujici ramec prace kandidatské. V
ramci svych povinnosti se Dr. Mafik
vénoval tém nejtize postizenym détem a
jeho péce o né byla vzdy pfikladna. Tyto
déti, které az dosud postradaly
systematickou péci, nalezly v Dr. Mafikovi
zaniceného lékare, ktery se jim vénoval na
Ukor vSech svych zalib a zcela bez
jakychkoli poZadavkd. Tato prace je velmi
nevdécna, dlouhodoba a vysledky mdze
mit jen ten pracovnik, ktery se
systematicky této problematice vénuje.

Od roku 1994 MUDr. lvo Mafik, CSc.
pdsobi v Ambulantnim centru pro vady
pohybového aparatu v Praze 3 a zabyva se
nejen vrozenymi, ale i ziskanymi
ortopedickymi a neuro-ortopedickymi
vadami a chorobami. Od CLK ziskal
licenci v oboru ortopedie, pediatrie a
ortopedicka protetika a s tymem svych
spolupracovnik(l poskytuje komplexni
léCeni a peci postizenym détem z celé
Ceské republiky. Jeho prioritou zdstala
nesmirné slozZitd rozsédhl4d problematika

vrozenych vad pohybového aparétu
systémovych, kombinovanych a
koncetinovych, kterou Fesi (ve spolupraci s
klinickym a molekularnim genetikem) i
biomechanicky vyzkum. Na tuto maélo
prozkoumanou oblast biomediciny jej
privedl jeho dalSi ucitel pan doc. Ing.
Zdenék Sobotka, DrSc., s kterym
publikoval vyznamné prace v oblasti
patobiomechaniky rostouciho skeletu a
spoluplisobeni nitrodfefiové a zevni fixace.
Nové poznatky aplikuje ve své klinické
praxi pfi konzervativnim a operacnim
[éCeni (je u nas prOkopnikem v
nitrodfefiové fixaci pouZivané pfi léceni
déti s osteogenesis imperfecta a v
prolongacénich operacich u
disproporcionalnich déti s kostnimi
dysplaziemi). Re$i vyzkumny projekt
"Funkéni adaptace a patobiomechanika
konCetinového a axialniho skeletu pi
silovych ucincich" (grant GACR ¢.
106/00/0006), jehoz vysledky nachazeji
vyuziti pri ortotickém IéCeni (navrhl napf.
koncetinové ortézy s vysoko-ucinnym
ohybovym pfedpétim, modifikované
Beckerovy ortézy pro korekci abnormalni
torze bércd aj.) a jsou podkladem pro dalsi
plvodni prace prezentované doma i v
zahrani€i.  Spolupracuje a podporuje i
Spolecnost lidi malého vzristu PALECEK,
u jehoz vzniku byl pfitomen. V poslednich
letech se aktivné zucastnil vyznamnych
mezinarodnich kongresdl ve Francii,
Némecku, Svédsku, Rakousku a dokonce
na Novém Zélandu. Vyznamna je jeho
mnohaleta spoluprace s odbornikem v
diagnostice kostnich vad a syndrom{
panem prof. Dr. K. Kozlowskim,
M.R.A.C.R. ze Sydney, ktery se zUcastriuje
diagnostickych seminafl "Case
Presentation"”, pofadanych kaZdoro¢né
Ambulantnim centrem v Praze 3. Od roku
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1998 se zé&sluhou Dr. Mafika vyucuje novy
pfedmét "Biomechanika a
patobiomechanika pohybového aparatu"
na Katedre antropologie a genetiky ¢lovéka
PFF UK v Praze, kde je externim ¢lenem a
ucitelem. Jeho Siroké zajmy zasahuji i do
genetiky klinické a molekularni a do
paleopatologie.

Télesnou kondici si péstuje
veslovanim, jako veteran se zU€astriuje se
svymi partnery mezinarodnich regat -
World FISA Masters.

Jedna s vytfibenym citem pro
pratelstvi. Jeho uSlechtild povaha se
projevuje znatnou velkorysosti a
neobycejnou pracovitosti. Ve vSech jeho
c¢innostech se projevuje schopnost
integrovat lidi se stejnym zaméfenim a
nadSenim pro véc a vytvari v této
souvislosti ryzi pfatelské vztahy. Patfi do
skupiny "bézcl na dlouhé tratg" (dle doc.
Dr. 1. Mazury, CSc.) stejné jako jeho
nejblizsi spolupracovnici.

Radi bychom pfipomnéli, ze MUDr.
Marik wvypracoval projekt na vyuziti
byvalého plicniho sanatoria v Kostelci nad
C.1., ktery byl opustén sovétskymi vojsky v
roce 1991. Cilem projektu bylo vybudovani

@

Ayt o
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O LA SRR RS

specializovaného pracovisté pro postiZzené
s vadami pohybového aparatu, kde by se
poskytovala komplexni péce "pod jednou
stfechou”. Na podporu nové vzniklé
kostelecké nemocnice byla 32 zfizovateli
zaloZzena  Nadace pro déti s vadami
pohybového aparatu (Mafikova nadace).
Projekt Nadace byl pfijat a podpofen
odbornymi IékaFskymi spoleCnostmi a
vyznamnymi odborniky. Presto v NsP
Kostelec nad C.l. vzniklo pouze
rehabilitaCni oddéleni pro postizené déti.

Je nadi milou povinnosti pfFat
jubilantovi do dalSich let pevné zdravi,
dostatek sil a spokojenost v kruhu rodiny,
kterd je mu oporou v jeho bohulibé
zasluzné praci.

Zaredakéniradu:

MUDr. Miloslav Kuklik, CSc.
prof. Ing. Miroslav Petrtyl, DrSc.
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A5 (188x120mm)

- zadni strana obalky barevné ...
- vnitini strana obalky barevné ..

- ¢ernobile uvnitr seSitu .

- dvojstranka Cernobile (A4) .

PLACENA INZERCE
"POHYBOVE USTROJI"

PFi vice inzeratech a pri opakovani
moznost slevy po dohodé s vydavatelem

. 8.000,- KC
. 5.000,- K¢

. 8.000,- K¢

10.000,- K¢

forméat 120x90mm)

- vnitini strana obéalky
barevné ... 5.000,- K¢

- ¢ernobile uvnitr seSitu
... 3.000,- K¢

forméat 60x90mm)

- vnitrni strana obéalky
barevné ... 3.000,- K¢

- ¢ernobile uvnitr seSitu
... 1.800,- K¢




