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Vazené kolegyne, vazeni kolegoveé

uzavirame dalSirocnik casopisu Clinical Osteology, a tedy uzavirame také rok 2023. Rok v kli-
nické osteologii ,nabity udalostmi”. Nékteré z nich je potfeba alespon kratce zminit drive, nez
se dostanu k obsahu tohoto ¢isla a k ¢asopisu vibec.

Jisté kazdy najdete pfi ohlédnuti se zpét fadu dllezitych okamzik( a skutecnosti a pohled
kazdého z nas se v nécem jisté lisi. Co je ale nepochybné ddlezité pro vSechny klinické osteo-
logy v CR, ale hlavné pro nas obor a nase pacienty je spusténi tzv. Populaéniho programu
vCasného zachytu osteopordzy. Trvalo to mnoho let, mame za sebou nékolik vice ¢i méné
uspésnych (nebo, chcete-li, nelspésnych) pokusd. Uz to vypadalo témér beznadéjné, ale
tentokrat jsme spole¢nym Usilim SMOS, Sdruzeni praktickych |ékafi CR, Ceské gynekolo-
gické a porodnické spolecnosti CLS JEP (a pfedevsim ve spolupraci se Sdruzenim soukromych gynekologti CR)
nasli spoleénou fe¢ i s vedenim Véeobecné zdravotni pojistovny CR. Nase ,lékafska” strana jasné deklarovala ne-
zbytnost zménit situaci, ve které CR patfi mezi zemé& Evropské unie s velmi nizkym diagnostickym potencialem
(a nedostatkem diagnostickych DX A-pfistrojd), obrovskym deficitem ve véasném zachytu (diagnostic gap) i sekun-
dérni prevenci (FLS) a nedostate¢ném rozsiteni (dostupnél) 1éSby (treatment gap). Usili jednotlivych pracovist, byt
mistné velmi Uspésné napfiklad v programu FLS, nemUZe nahradit celostatni systémoveé feSeni. Vedeni VZP védomo
si zavaznosti problému bylo velmi vstficné a spole¢né s nami velmi ochotné problém fesit. Tak s platnosti od 1. dubna
2023 vznikl zminény Populaéni program.

Musim pfiznat, Ze jsme ani netusili, s jak velkym zdjmem se u praktickych lékarl a registrujicich gynekologl
setkd. V radmci Programu (jak jisté vSichni vite) vznikla moznost, aby jak prakticky Iékaf, tak ambulantni gynekolog
mohli pozadat o souhlas s nasmlouvanim DXA-pfistroje a jeho provozovanim. Nyni tedy mohou (mnohem radéji
fikam ,musi“) pacientky a pacienty s primarni osteoporézou i lécit. Vysetieni (odstupriované dle véku s vyuzitim do-
tazniku FRAX a stanoveni BMD metodou DXA) se stalo automatickou soucéasti pravidelnych preventivnich prohli-
dek. Rozsitenim preskripce bisfosfonatd pro vsechny Iékarské specializace se rozsifil terapeuticky prostor pro an-
tiresorpéni Ié¢bu. DokaZete (ale mozna ani nedokdzete) si predstavit, Ze to byla obrovska préce, a chci vsem, ktefi
se na jeji pfipravé a realizaci podileli, moc a moc podékovat. Nechci jmenovat vsechny ¢leny vyboru SMOS, ktefi
se na uspesném spusténi Populacniho programu podileli, ale pfece jenom musim zminit alespon prim. MUDr. Ri-
charda Piknera, Ph.D., a pro ,zdznam do historie’ rad zminim z nasich partner( predsedu Ceské gynekologické
a porodnické spole&nosti a SdruZeni soukromych gynekologt CR pana MUDr. Vladimira Dvoréka, Ph.D., déle pfed-
sedu Sdruzenf praktickych Iékart CR pana MUDr. Petra Sonku, déle také pana PhDr. Mgr. Jana Bodnara, LL.M., na-
méstka feditele VZP, a vSechny jejich spolupracovniky a samozfejmeé mnoho dalSich.

B&hem kratké doby pozddalo o souhlas s ndkupem a provozovanim DXA mnoho desitek (nyni uz pres 100)
koleg(l z terénu a na mnoha mistech CR se uZ program Uspésné rozbiha. Neni to jednoduché — $kolime kolegy
,Z terénu” v zékladech diagnostiky, a predevsim terapie osteopordzy. Kurzem pro Iékare jiz proslo témér 150 kolegl
a kolegyn. Jesté vétsi pocet proskolenych je mezi sestrami (spravnéji nelékarskymi zdravotnickymi pracovniky),
u kterych se toto vzdélavani ,potkava“ i se zménénymi Narodnimi radiologickymi standardy a z nich vyplyvajicimi
nutnymi Skolenimi. Co nas ale tési nejvice, je skutecnost, Ze to snad nikdo nebere jako nepfijemnou povinnost, ale
7e o skoleni a dal$i a dalsi pfednasky i nad rdmec povinnosti je opravdu zajem. A mnohdy o Skoleni v daleko $ir§im
rozsahu, nez je tzv. povinny. Dokonce néktefi z kolegl v ,terénnich praxich” projevuji zdjem i 0 moznost atestace
z klinické osteologie!

Nelze zastirat, Ze to pfineslo i mnoho problém(. Program se rozbihd pomalu a zatim extrémné pretézuje sou-
¢asna osteologicka pracovisté. Prodluzuji se objednaci doby ndvsétév pacient(, nardsta neklid a nervozita pretize-
nych osteologt. Neni, bohuZzel, vzacnosti, Ze kolegové z ambulantnich pracovist si ,radi* pofidi DXA-pfistroj, pro-
vozuji ho, ale do terapie uz se zapojit nechtéji. To by ovsem zcela popfelo smysl celého Programu! Proto budeme
spole¢né s platci zdravotni péce v tomto ohledu ddrazné usilovat o ndpravu a vytvaret tlak na jednotlivd pracovi-
$té, aby propojovala diagnostiku s terapii na jednom miste, coz je jediné smyslupiné. Pevné véfim, Ze jsou to pro-
blémy pfechodné, ,startovaci” a Ze je Uspésné pfekondme. Koneckonct vlastné musime! Takovou Sanci o zasadni
zlepSeni péCe o nemocné s osteoporozou jsme totiz doposud nikdy neméli — a pokud ji nevyuzijeme nyni, tak uz ji
nikdy mit nebudeme!

Rok 2023 vsak samozrfejmé nebyl napinén jen Populaénim programem. Uskutecnil se spole¢ny kongres SMOS
a SOMOK v Olomouci a byl velmi Uspésny — odborné, lidsky i organiza¢né. Zaznély skvélé pfednasky domacich
i zahrani¢nich kolegl (pofdd mam v sobé a uz se toho patrné nezbavim, Ze slovenské kolegy povazuji za ,domaci”),
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které ukdazaly dalsi posun oboru kupfedu, pfinesly mnoho dobrych podnétd a zajimavosti, stejné jako pfednesené
kazuistiky, trendova a posterova sdéleni. Kéz nam ta tradice, zajem a kvalita vydrzi! Pristi kongres bude na Sloven-
sku a uz se na n€j jisté s mnoha z vas t€sim. Nelze ale nepfipomenout, ze také v roce 2024 probéhne tradi¢ni pl-
zenska konference Sekundarni osteoporéza. Jeji program mate do zna¢né miry moznost sestavovat sami, tak toho
vyuzijte — a prijedte do Plzné!

Samoziejmé neni vSe rlZzové. Potykdme se s pretizenosti pracovist, jak jsem jiz vyse zminil, prodluzuiji se objed-
naci doby, coZ obc&as Usti v narUstajici nervozitu a celkovou dysharmonii — ale véfim, Ze to vSe je jen pfechodné.

Co zatim ,pfechodné” neni a co je alarmuijici, je pfetrvavajici kriticky nedostatek kvalitnich ¢lankd do ¢asopisu Cli-
nical Osteology. Jisté je plno kvalitnich osteologickych ¢asopisl ve svété, dnes nastésti vétSinou bez problému za-
jemcdm dostupnych. Povazoval bych ale za chybu a véfim, Ze i vétsina ¢lenl SMOS a SOMOK, kdybychom ztratili
,Vlastni ¢asopis” ¢eskych a slovenskych osteologu. V konkurenci zahrani¢nich odbornych ¢asopisl s vyznamnym
impakt faktorem, v sou¢asnosti otevienych pro publikovéni pvodnich praci i autorim z Ceska a Slovenska, nema
a nebude mit Clinical Osteology $anci ziskat od ,domacich” autor( prace Spickové védecké a vyzkumné kvality,
a tak nebude mit (pro akademickd pracovisté témér nezbytny) vyznamny impact factor, coz je pro autory demoti-
vujici. To je pochopitelné a obé odborné spole¢nosti, redakéni rada i vydavatel to museji pfijmout jako fakt. Pfesto
bychom si méli vSichni uvédomit, Ze pokud jsme schopni uspofadat zajimavé a odborné pfinosné kongresy dvou
spole¢nostia mame si co sdélit, stejné tak je to mozné a ndlezité Cinit i na strankach naseho spolec¢ného ¢asopisu.
N&s§ casopis nam vSem nabizi moznost publikovat kvalitni pfehledové ¢lanky o zajimavostech z oboru, kazuistiky,
komentare a dalSi texty. Nebojte se pfispét ani vy! Kazdy z vas je schopen napsat zajimavé sdéleni z praxe, probrat
zajimavy pfipad — a vsichni se z toho mizeme poucit, pfipadné pridat vliastni zkusenosti. Je to — a mize to byt -
vlastné takova na papir pfenesena diskuse s kolegy. Casopis by mél fungovat jako oteviené férum véech osteologtl
i ostatnich odbornik(, ktefi se pfi péc¢i o své pacienty dostanou k osteologické problematice. Na kongresech si radi
podiskutujeme — udélejme to ob&as i pisemné, protoze jak vime, ,littera scripta manet”. Redakce je velmi oteviena
dal§im text@im, ndmétam, komentaram, tak zvanym dopistim redakci, ale i otdzkdm, které mohou vyvolat dalsi dis-
kusi a odpovédi. Vzdyt je a mlze to byt zajimavé pro vSechny. VyuZijte toho — ¢asopis je nas vsech!

Letosni ¢tvrté ¢islo ma nékolik textd vénovanych nejen vapniku, ale i nékterym dalsim minerdlnim latkdm. Moznd
jim vénujeme nedostate¢nou pozornost, mozna bychom o nich méli védét vice — tak mame prilezitost s tim zacit.
To by také méla byt role naseho ¢asopisu — vzdélavat.

Preji vam vSem Uspésny rok 2024, pfeji Uspesny rozvoj Populacnimu programu a dalS§imu zlepSeni péce o nase

o

pacienty a pfeji i naSemu ¢asopisu, abyste jej vSichni vnimali jako ,nas" a pfispivali do néj.

S Uctou
Vladimir Pali¢ka

prof. MUDr. Vladimir Pali¢ka, CSc.
pfedseda Spolecnosti pro metabolicka onemocnéni skeletu, zastupce vedouciho odborného redaktora ¢asopisu
Clinical Osteology
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Effect of toxic metals on the bone regeneration

Vliv toxickych kovi na regeneraci kosti
Oleksii Korenkov, Kateryna Larina
Sumy State University, Sumy, Ukraine
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Abstract

Background: At present, the healing of broken bones can very often occur in conditions of excessive intake of
lead and cadmium, as these elements are among the ten most common environmental pollutants according. At
the same time, there are no works in the scientific literature devoted to the combined subchronic effect of exces-
sive amounts of Pb and Cd on the structure of the direct performers of reparative osteogenesis — bone regenerate
cells. Aim: To establish the subchronic effect of excessive amounts of lead and cadmium on the micro-and ultra-
structure of bone regenerate cells. Material and methods: The experiment was conducted on 24 white Wistar rats,
which were divided into 2 groups. Group | animals consumed drinking water of standard quality, and group Il ani-
mals received water with a mixture of lead nitrate and cadmium chloride dissolved in it at a dose of 87.74 mg/kg and
2.14 mg/kg through a gastric tube for 3 months. For all the animals 24 and 3 days before the end of the 3-month
experiment in the middle of the tibial diaphysis there was reproduced a hole defect with a diameter of 1.5 mm to
the bone marrow canal. The study of micro- and ultrastructure of bone regenerate cells was performed using
scanning and transmission electron microscopy. Results: It was found that under the conditions of subchronic
intake of excessive amounts of lead and cadmium in the regenerate lymphocytes, large perinuclear spaces and
cytoplasm enlightenment were observed, osteocytes of the regenerate bone tissue had mainly short processes,
and in osteoblasts there were electron-transparent cisterns of the granular endoplasmic reticulum, nuclear mem-
brane invagination, an area of electronic transparency of the matrix and lysis of mitochondria cristae. Conclusion:
Subchronic receipt of excessive amounts of lead and cadmium in the body leads to dystrophic and destructive
changes in the cellular elements of bone regenerate and slowing their maturation.

Keywords: cadmium — electron microscopy — lead — rats — reparative osteogenesis

Abstrakt

Uvod: V soucasné dobé miize velmi dasto dochdzet k hojeni zlomenin kosti v podminkach nadmérného piijmu
olova a kadmia, protoze tyto prvky patfi mezi deset nejc¢astéjsich znecistujicich latek v Zivotnim prostredi. Zaro-
ven v odborné literatufe chybi prace vénované kombinovanému subchronickému Uc¢inku nadmérného mnozstvi
olova a kadmia na strukturu pfimych ¢initel( reparacni osteogeneze — bunék regenerujicich kost. Cil: Zjistit sub-
chronicky U¢inek nadmérného mnozstvi olova a kadmia na mikro- a ultrastrukturu bunék regenerujicich kost. Mate-
rial a metody: Pokus byl proveden na 24 bilych potkanech Wistar, ktefi byli rozdéleni do 2 skupin. Jedinci skupiny |
konzumovali pitnou vodu standardni kvality a jedinci skupiny Il dostavali po dobu 3 mésicd zalude¢ni sondou vodu
se smési dusi¢nanu olovnatého a chloridu kademnatého v davce 87,74 mg/kg a 2,14 mg/kg. U vSech jedinc byl
24 a 3 dny pred koncem 3mésicniho experimentu ve stiedni ¢asti diafyzy tibie vytvoren otvor o priméru 1,5 mm
zasahujici az do dutiny dfefové. Studium mikro- a ultrastruktury bunék kostni regenerace bylo provedeno pomoci
skenovaci a transmisni elektronové mikroskopie. Vysledky: Bylo zjisténo, Ze v podminkach subchronického pfijmu
nadmérného mnozstvi olova a kadmia byly v regenerovanych lymfocytech pozorovany velké perinuklearni pro-
story a prosvétleni cytoplazmy, osteocyty regenerované kostni tkané mély pfevazné kratké vybeézky a v osteoblas-

Clin Osteol 2023; 28(4): 118-124 www.clinicalosteology.org
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tech byly elektronové prlihledné cisterny granularniho endoplazmatického retikula, invaginace jaderné membrany,
oblast elektronické prlhlednosti matrix a lyza krystaly mitochondrii. Zavér: Subchronicky pfijem nadmérného
mnozstvi olova a kadmia v organizmu vede k dystrofickym a destruktivnim zménam bunéénych element( kost-

niho regeneratu a zpomaleni jejich zrani.

Klicova slova: kadmium — elektronovy mikroskop — olovo — potkani — reparacni osteogeneze

Introduction

The stability of the elemental composition of the body
is one of the most important and mandatory condi-
tions for normal bone regeneration. This is due to the fact
that micro-and macroelements are components of en-
zymes and proteins that are involved in stopping bleeding
during trauma, proliferation and differentiation of cellular
elements, angiogenesis, oxygenation of regenerate cells,
synthesis of components of the organic matrix of bone
and its mineralization, energy formation and protection of
cells from free radicals [1-3]. However, to perform these
functions, each element has an optimal range of con-
centrations, a decrease or increase in which can lead to
pathological changes [4].

The intensification of technogenesis as a characteris-
tic feature of the 3™ Millennium may be one of the rea-
sons for the violation of homeostasis of chemical ele-
ments in the body and, as a result, the regeneration of
bone tissue [5-7]. At the same time, we note that of all
the inorganic compounds that enter the biosphere as
a result of human activity, lead and cadmium are among
the ten most dangerous according to the world health
organization. The latter continue to accumulate in the
environment and enter the human body in excess. For
example, in Ukraine, sanitary and toxicological studies
have found that samples of drinking water from agri-
cultural and processing enterprises of the agro-indus-
trial complex contain Pb (0.1 mg/l) and Cd (0.035 mg/)
exceeding the maximum permissible concentrations
from 10 to 35 times [8]. The latter indicates that for the
people who live in these territories, healing of broken
bones can very often occur in conditions of consump-
tion drinking water, which does not meet hygienic re-
quirements. Note that the reported concentrations of
lead and cadmium in drinking water are relatively small
compared to their average lethal doses. According to
Lu HK and co-authors, the average lethal dose of lead
and cadmium for rats is 2633 mg/kg and 64 mg/kg,
which is much higher than the content of these heavy
metals in the drinking water of the agro-industrial com-
plex of Ukraine [9]. Therefore, probably the greatest se-
verity of negative effects from such concentrations
of lead and cadmium can be manifested during their
long-term subchronic or chronic intake into the body.
It should also be noted that there is evidence in the lit-
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erature regarding a separate effect of increased con-
centrations of lead and cadmium on bone regenera-
tion [10-13]. The results of these studies show that the
excess of lead delays the healing process of bone frac-
tures, suppresses the mineralization of bone corns, and
cadmium reduces the expression of genes that are in-
volved in the differentiation of osteoblasts, the activity
of the enzyme alkaline phosphatase, the mineralization
of regenerative bone tissue, delays the growth, density
and biomechanical properties of bones [3,14-17]. The
mechanism of this effect is due to the ability of heavy
metals to reduce the antioxidant potential of the body,
generate reactive oxygen species, displace and replace
essential micro — and macronutrients in the molecules
of enzymes and other biologically active substances, as
well as to suppress signaling systems that activate the
process of differentiation of cellular elements of bone
tissue [18—26]. During the review of the literature, we also
found works on the combined effect of excess lead and
cadmium on the microscopic structure of bone tissue
and its physiological regeneration [9,27,28]. However, we
have not found work on the combined effect of exces-
sive amounts of lead and cadmium on the micro-and ul-
tramicroscopic structure of the direct performers of re-
parative osteogenesis — bone regenerate cells.

So, the purpose of our work was to establish the sub-
chronic effect of excessive amounts of lead and cadmium
on the micro-and ultrastructure of bone regenerate cells.

Material and methods

Animals
An experimental morphological study was conducted
on 24 Wistar rats with a weight of about 300 grams.
Animal experiments were approved by the Commission
on biomedical ethics of Sumy state University (Minutes
Ne 1/1 of 16.01.2023) and were performed in accor-
dance with the rules of the “European Convention for
the protection of vertebrates used for experimental and
other scientific purposes”. Throughout the experiment,
the animals were properly cared for and kept on a stan-
dard diet and had free access to drinking water.
All the animals were divided into 2 groups
= Group | (12 rats) — control animals that consumed
drinking water of standard quality [29]
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= Group Il (12 rats) — animals that were administered 4 ml|
of water with a mixture of lead nitrate (Pb(NO,),) and
cadmium chloride (CdCl,*2.5H,0) from Sigma-Aldrich
with a dose of 87.74 mg/kg and 2.14 mg/kg through
a gastric tube for three months. The choice of this
dose was based on studies by Lu HK and co-authors,
who studied the experimental acute combined effect
of lead and cadmium on bone damage in rats and estab-
lished their average lethal dose of LD50 (2 633 mg/kg for
lead and 64 mg/kg for cadmium) [9]. In our experi-
ment, the dose of lead and cadmium was 1/30 of the
L D50, which, according to Lu HK and co-authors, cor-
responds to a subchronic toxicological effect on the
rat body after three months of use [27].

Surgical intervention

24 and 3 days before the end of the three-month con-
sumption of water with heavy metal salts by animals
in the operating room under intramuscular ketamine
anesthesia (50-75 mg/kg, Calypsol: Gedeon Richter,
Budapest, Hungary), observing aseptic and antiseptic
conditions, surgical intervention was performed. Before
the operation, the rats were fixed on a Board in a po-
sition on their back and the wool was cut off on their
shins. The operating field was treated with 3% alcohol
solution of iodine. Then there was made a longitudinal
incision of the skin and fascia along the line of margo
anterior tibia, took them aside and exposed the tibial
diaphysis. In the middle of the diaphysis, the defect
was applied to the bone-marrow canal using a drill (Ko-
rund-NX, VIOLA, Kiev, Ukraine) with a ball mill with a di-
ameter of 1.5 mm at low rpm and under jet cooling with
saline solution. The place of application of the defect
was chosen taking into account the least traumatiza-
tion of soft tissues. The operating wound was sutured
with a catgut suture.

Animals were removed from the experiment by decap-
itation under deep ketamine anesthesia (100 mg/kg) on
the 3 and 24™ day from the moment of injury. Scan-
ning and transmission electron microscopy was used
to study the micro- and ultrastructure of bone regene-
rate cells.

Scanning electron microscopy

To study the cell elements of the regenerate by scan-
ning electron microscopy, fragments of the tibia with
the injury site were fixed in a 2.5% buffer solution of glu-
taraldehyde for 24 hours. Then they were washed with
a buffer solution and placed for final fixationina 1 %
buffer solution of osmium tetrachloride for 1 hour. De-
hydration was performed in alcohols of increasing con-
centration and acetone. Bone samples were glued to
metal tables with conductive glue, filed with carbon in
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a standard vacuum unit of the VUP-5 type (Selmi, JSC,
Sumy, Ukraine) and examined with a scanning electron
microscope “REM 106-1" (Selmi, JSC, Sumy, Ukraine).

Transmission electron microscopy

To study the cell elements of the regenerate by trans-
mission electron microscopy, a part of the bone marrow
was cut out and fixed in a 2.5 % buffer solution of glutar-
aldehyde for 24 hours. Decalcification was performed
in a solution of Trilon B at a temperature of 4 °C. After
decalcification, the tissue pieces were washed with
a buffer solution and placed for final fixation in a 1%
buffer solution of osmium tetroxide for 1 hour. Dehy-
dration was performed in alcohols of increasing con-
centration and acetone. Then the pieces of tissue were
soaked in a mixture of epoxy resins (EPON-Araldite). Po-
lymerization of the blocks was carried out in a thermo-
stat at a temperature of 60 °C for 2 days. Ultrathin sec-
tions were made on ultramicrotom UMTP-6M (Selmi,
JSC, Sumy, Ukraine), mounted on electrolytic grids,
which after contrasting with lead citrate were studied
under an electron microscope EMV-100BR (Selmi, JSC,
Sumy, Ukraine).

Results

On the 3 day after the injury in animals of both groups,
granulation tissue and a conglomerate of cells that had
morphological features of neutrophils, platelets, red
blood cells, osteogenic cells, macrophages and lym-
phocytes were found in the area of the bone defect
when viewed on a raster electron microscope. However,
in ultrathin sections of regenerate in the animals of both
groups, lymphocytes were mainly detected. In animals
of the first group, the nuclei of lymphocytes occupied
a significant part of the cytoplasm, the nuclear mem-
brane was smooth, and the perinuclear spaces were
not expanded. On the periphery of the core matrix in the
form of large osmiophilic depressions there were local-
ized granules of condensed chromatin, and in the Cen-
tral region of the core of karyoplasm had a low electronic
density and contained a small number of granules of de-
condensed chromatin. The well-developed granular en-
doplasmic reticulum, whose cisterns were significantly
expanded, and numerous ribosomes were detected on
the membranes, also attracted attention. At the same
time, in animals of the second group, the nuclei of lym-
phocytes were also large, containing mainly condensed
chromatin, and the granules of decondensed chroma-
tin were located in the Central region of the nucleus.
The core matrix had a low electron density, and the
perinuclear spaces, unlike the animals of the first group,
were greatly expanded. Lymphocytes of animals of the
second group were also characterized by the presence
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of an enlightened cytoplasm, which contained separate
cisterns of the granular endoplasmic reticulum (fig. 1).

On the 24 day of the experiment, the site of the bone
defect was filled with regenerate bone tissue, which
included primary and secondary osteoblasts in both
groups of animals. Primary osteoblasts were located
on the surface of the trabeculae of the regenerate bone
tissue, and secondary osteoblasts created bone plates
and turned into secondary osteocytes. At the same
time, the difference in the structure of the external sur-
face of osteocytes between the animals of the experi-
mental groups attracted attention. The latter consisted
in the fact that in the first group of animals the bone
tissue of the regenerate was dominated by osteocytes
with long processes, and in the second group of ani-
mals — with short ones (fig. 2).

In ultrathin sections of regenerate of the animals of
both experimental groups, osteoblasts were mainly
found, the cytoplasmic membrane of which formed
short processes, and clusters of collagen fibers were
detected in the adjacent intercellular substance. In os-

teoblasts of animals of the first group, the perinuclear
spaces were not expanded, granules of condensed
chromatin were concentrated along the periphery of the
nucleus, and the matrix retained an average electron
density. Mitochondria with a large number of cristae
and a fine-grained matrix of medium electron density
were detected in the cytoplasm. In osteoblasts, hyper-
plasia of the granular endoplasmic reticulum was also
detected, and its cisterns were flattened and filled with
a non-fibrous substance of medium electron density.
Numerous ribosomes were located on the membranes
of the endoplasmic reticulum and in the cytoplasm. Gol-
gi's lamellar cytoplasmic complex had a typical struc-
ture and localization in the cytoplasm, and its smooth
membranes were stacked. But in animals of the second
group, the nuclei of osteoblasts had deep intaginations,
chromatin, which was localized along the nuclear mem-
brane in the form of an osmiophilic ring. The perinuclear
spaces were not expanded. The mitochondria of osteo-
blasts had a rounded shape, the matrix — a coarse-fiber
structure with areas of electronic transparency, partially

Fig. 1 | Components of the tibial regenerate on the 3" day after the injury. Vessels (1) of regenerate granulation
tissue (2) in animals of the first group. Electronic scan. X 1500. Macrophages (3), lymphocytes (4), red blood
cells (5) surrounded by a network of fibrous structures (6) in animals of the second group. Electronic scan.
4000X. Condensed chromatin (7), expanded cisterns of the granular endoplasmic reticulum (8), nucleolus
(9) of the limphocyte in animals of the first group. The TEM image. 35000X. Expanded perinuclear spaces
(10), areas of illumination of the nucleus matrix (11) and cytoplasm (12) of the lymphocyte in animals of the

second group. TEM image. 35000X.
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destroyed by cristae. A small number of free-lying ribo-
somes and ribosomes, which were associated with en-
doplasmic reticulum membranes, were also observed
in the cytoplasm. In this case, the granular endoplasmic
reticulum represented a system of electron-transparent
vacuoles of various shapes and sizes (fig. 2).

Discussion

The study using scanning electron microscopy found
that in the area of the bone defect on the 3 day after
its application, the rats of both groups showed signs
of traumatic inflammation. The latter consisted in the
presence of polymorphism of blood cells and connec-
tive tissue cell elements that provided the formation of
granulation tissue. At the same time, we note that no
differences between the 2 groups of animals during
this period of the experiment were found using scan-
ning electron microscopy. However, using transmis-
sion electron microscopy, it was found that the intake
of excessive amounts of lead and cadmium in the body
led to a decrease in the biosynthetic activity of lympho-

cytes, as well as the appearance of dystrophic and de-
structive changes in them. The latter was evidenced by
the presence in the regenerate lymphocytes of a small
number of cisterns of granular endoplasmic reticulum,
a strongly expanded perinuclear space and an enlight-
ened cytoplasm.

On the 24" day after the injury, using scanning elec-
tron microscopy, it was found that osteoblasts and os-
teocytes appeared on the surface of trabeculae and in
the lacunae of bone tissue of regenerate of the animals
of both experimental groups. Osteocytes in animals
of the 15t group had mainly long, and in animals of the
second group short processes. It should be noted that
the size of the processes of osteocytes is one of the im-
portant morphological signs of their maturity. Thus, it
is known that mature (secondary) osteocytes have long
processes and are located in lacunae of lamellar bone
tissue, while immature (primary) osteocytes of coarse-fi-
brous bone tissue are characterized by short processes
[2]. Thus, in the last period of the experiment, primary or
immature osteocytes prevailed in the bone tissue of re-

Fig. 2 | Tibial regenerate cells on the 24t day after the injury. Osteocyte with long processes (1) in the bone lacuna
in animals of the first group. Electronic scan. 10000X. Osteocyte with short processes (2) in the bone lacuna
in animals of the second group. Electronic scan. 8000X. Condensed chromatin (3), parallel oriented smooth
membranes of the Golgi complex (4), mitochondria (5) of the osteoblast in animals of the first group. TEM
image. 35000X. Expanded electron-transparent cisterns of the granular endoplasmic reticulum (6), matrix
enlightenment and cristae lysis of mitochondria (7), deep invaginations of the nuclear membrane of osteoblast
(8) in animals of the second group. TEM image. 33000X.
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generate of the animals of the 2" group. In turn, Lu H et
al, examining the distal epiphysis of the thighs of rats
with scanning electron microscopy after ingesting ex-
cessive amounts of lead and cadmium, indicated a de-
crease in the size of bone lacunae, but did not report
the cellular elements that are located there [27]. We
also note that there are works in the scientific litera-
ture devoted to the excessive influence of lead and/or
cadmium on the ultrastructure of cellular elements of
bone tissue. However, such studies were conducted in
conditions of physiological regeneration of bone tissue
in the epiphyses, as well as on cultured osteoblasts of
the skull bones. So, for example, Lu H et al using trans-
mission electron microscopy found that when the rats
received an excessive amount of lead and cadmium
combination to the osteoblasts of the femoral epiphy-
sis, there was a decrease in the number of organelles,
focal cytolysis, as well as condensation and marginal-
ization of chromatin in combination with a greater more
floc [27]. According to the data of Zhao H and co-au-
thors, mitochondria were changed in the conditions of
24-hour exposure to an increased concentration of cad-
mium alone in cultured osteoblasts of rat skull bones
[30]. Thus, after Cd treatment at a dose of 1 uM, swollen
mitochondria with featureless crystals were observed
in osteoblasts, and an increase in the Cd dose from 2 to
5 UM led to the disappearance of mitochondrial crys-
tals and the appearance of cytoplasmic vacuolation. In
turn, in the presence of an excess of lead alone, Bonucci
E et al found that the greatest changes in the tibial and
femoral bones of Collie puppies were exposed to 0s-
teoclast nuclei, which were subjected to pyknosis and
contained inclusion bodies with a high content of lead
[31]. At the same time, osteoblasts and osteocytes did
not contain inclusion bodies, since lead does not reach
a high enough concentration in these cells. In our study,
under the conditions of ingestion of excessive amounts
of lead and cadmium into the body of rats, signs of dys-
trophic and destructive changes were observed in os-
teoblasts of regenerate bone tissue. The latter was ev-
idenced by the presence in the nuclei of osteoblasts of
an electron-transparent matrix, numerous intussuscep-
tions of nuclear membrane, partially destroyed cristae,
coarse-fiber structure and areas of electronic trans-
parency of the matrix of mitochondria, as well as elec-
tron-transparent cisterns of the granular endoplasmic
reticulum.

Conclusion

Subchronic receipt of excessive amounts of lead and
cadmium in the body leads to the occurrence of dystro-
phic and destructive changes in the cellular elements of
bone regenerate and slowing their maturation.

www.clinicalosteology.org
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Abstrakt

Vépnik (Ca?) je jeden z nejvyznamnéjsich iontd v téle. Zajistuje fadu funkci, jako je proces kostni mineralizace,
hemokoagulace, nervosvalovy pfenos, svalova kontrakce, pfenos intraceluldrnich déji a aktivace enzymd. V lid-
ském téle se vyskytuje prfedevsim extracelularné a jeho nejvétsi zastoupeni (priblizné 99%) je v kostech a zubech
ve formé hydroxyapatitu. V krvi se nachazi ve formé volné (ionizované), védzané na proteiny (predevsim albumin)
a vazané v komplexech. Hladina celkového vapniku je tedy zavisla na hladiné albuminu, proto je pfi jeho abnor-
malni hladiné preferovano stanoveni ionizovaného vapniku, nebo korigovani koncentrace vapniku dle koncentrace
albuminu v séru. Hormonalni regulace je zprostfedkovéna parathormonem (PTH) a kalcitriolem. Kalcitonin hraje
minoritni roli v metabolizmu vapniku, chréani télo zejména pfed nahlym zvysSeni kalcemie a na vyznamu nabyva
v obdobi gravidity a laktace. Metabolizmus vapniku je Uzce propojen s metabolizmem fosfatll a magnezia a je za-
visly na stfevni absorpci, kostni remodelaci a renalni reabsorpci. Poruchy metabolizmu vapniku vychazeji z poruch
vSech téchto regulacnich mechanizm. Prehledovy ¢lanek shrnuje poznatky o metabolizmu vapniku a zamérfuje se
na stavy vedouci k hyperkalcemii a hypokalcemii.

Kli¢ova slova: hyperkalcemie — hypokalcemie — metabolizmus vapniku

Abstract

Calcium (Ca?) is one of the most important ions in the body. It plays numerous body functions such as skeletal
mineralization, blood coagulation, nerve conduction, muscle contraction, transmission of intracellular processes
and enzyme activation. In human body, it occurs mainly extracellularly, and its greatest amount (about 99 %) is in
the bones and teeth in the form of hydroxyapatite. Serum calcium exists in free form (ionized), bound to proteins
(mainly albumin) and bound to complexes. The level of total serum calcium is therefore dependent on the level of
serum albumin. When its level is abnormal, ionized calcium or calcium corrected for albumin is preferred. The hor-
monal regulation is mediated by parathyroid hormone (PTH) and calcitriol. Calcitonin plays a minor role in calcium
metabolism, protects the body from sudden increases of calcium levels, and becomes more important during
pregnancy and lactation. Calcium metabolism is closely linked to the phosphate and magnesium metabolism and
is dependent on intestinal absorption, bone remodeling and renal reabsorption. Disorders of calcium metabolism
are caused by disorders of regulatory mechanisms. This review summarizes knowledge about calcium metabo-
lism and focuses on conditions leading to hypercalcemia and hypocalcemia.

Key words: calcium metabolism — hypercalcemia — hypocalcemia
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Metabolizmus vapniku
Vapnik je jeden z nejvyznamnéjsich prvkd v lidském
téle a podili se na fadé funkci, jako je proces kostni mi-
neralizace, nervosvalovy prenos, svalova kontrakce, he-
mokoagulace, pfenos intracelularnich déji a aktivace
enzym. Lidské télo obsahuje pfiblizné 1 000-1 300 g
vapniku. Vapnik je uloZen pfedevsim v kostech a zubech
ve formé hydroxyapatitu (99,3 %), v mékkych tkénich (0,6 %)
a v extracelularni tekutiné (0,1 %). Pravé intracelularni
hladina vapniku je zédsadni pro fungovani nervosvalového
prenosu, svalovou kontrakei a hemokoagulaci [1,2].
Celkovy vapnik v séru pfedstavuje soucet vapniku io-
nizovaného (48 %), vapniku vézaného na proteiny, prede-
v&im albuminu (45 %) a vapniku vazaného v komplexech
(7 %). Hladina celkového vépniku v séru je tedy ovlivnéna
sérovou hladinou albuminu. V pfipadech, v nichz je hla-
dina albuminu abnormalni, je preferovano stanoveni ioni-
zovaného vapniku, nebo je potfeba korigovat koncentraci
vapniku v séru dle koncentrace albuminu. Pfi hyperalbu-
minemii je faleSné zvySena hladina celkového vapniku
a frakce ionizovaného vapniku klesa, a naopak pfi hypo-
albuminemii je hladina celkového vapniku falesné sni-
7end, ale hladina ionizovaného vapniku se neméni. | po-
ruchy acidobazické rovnovahy (ABR) ovliviuji vazbu na
albumin, a tim méni frakci ionizovaného kalcia. Alkaléza
snizuje a aciddza zvysuje ionizované kalcium [1,2].
Vstrebavani vapniku je zajisténo dvéma procesy. Trans-
celularni transport pfedstavuje aktivni pfenos, ktery je
saturovatelny a fizeny kalcitriolem. Paracelularni trans-
port je proces pasivni difuze. Aktivni transport se na-
chéazi hlavné v duodenu, jejunu, méné v tlustém stfeve
a chybi vileu. Pasivni transport se nachazi ve vSech ¢as-
tech stfeva. Pokud pfijimame v potravé malo vapniku,
dominuje vstfebavani aktivni, naopak pfi vysoce kalciové
dieté prevazuje transport pasivni [3]. Vstiebavani vép-

Tab. 1 | Faktory ovliviiujici vstrebavani kalcia stfrevem

niku je ovlivnéno néekolika faktory, které jsou uvedeny
v tab. 1. Je tfeba pfipomenout, ze jiz od 12. tydne tého-
tenstvi se u matky zdvojnasobuje vstfebavani vapniku,
aby byly pokryty potfeby pro plod, avsak po porodu
absorpce kleséd na plvodni hodnotu [4]. Vstiebavani
kalcia je také zvySeno v obdobi ristu v détstvi a adoles-
cenci [1]. Z denniho pfijmu vépniku 1 000 mg je vstie-
bano 400 mg tenkym stfevem, okolo 200 mg je vylou-
¢eno stfevni sekreci, coz znamena, Ze Cista absorpce je
200 mg (zhruba 20 %) a celkové je 800 mg vylouceno
stolici. Priblizné 500 mg vapniku je denné sménéno
mezi kosti a extracelularni tekutinou [2].

Ledviny zpétné vstrebavaji az 98 % vapniku. | zpétna re-
absorpce vapniku ledvinami je ovlivnéna nékolika faktory.
Mezi faktory zvysujici vyluCovani kalcia fadime kofein, al-
kohol, glukokortikoidy, metabolickou i respiracni acidozu,
klickova diuretika, rendlni tubularni acidézu nebo imobi-
lizaci. Faktory podporujici zpétné vstfebavani kalcia jsou
tiazidova diuretika, kalcitriol a parathormon [1,2].

Hormonalni regulace

Kalcium senzitivni receptor (CaSR) se fadi mezi G-pro-
teiny, nachazejici se na povrchu bunék a velmi citlivé de-
tekuje hladinu kalcemie. Reguluje tak sekreci PTH, reab-
sorpcikalcia v distalnim tubulu a ve stitné Zlaze kontroluje
sekreci kalcitoninu [1]. Kalcemie je regulovéna nejenom
hormonalni cestou, tedy prostfednictvim PTH, kalcitriolu
a kalcitoninu, ale i nehormonalni cestou, jeZ pfedstavuje
rychle sménitelnou cestu, jak upravit kalcemii, jedna se
o vapnik vézany na proteiny a vapnik v kostech [5].

PTH je hlavni kalcitropni hormon. Ma hyperkalcemi-
zujici a fosfaturické ucinky. Zvysuje kalcemii tim, Ze zvy-
Suje reabsorpci vapniku v distalnim tubulu a zvySuje akti-
vitu Ta-hydroxyldzy, coz vede ke zvySenému vstfebavani
vapniku ve stfevé. Jeho kontinuaini plisobeni v kostech

faktory ZVYSUJICI vstrebavani
kalcitriol

acidita zaludku

laktéza

téhotenstvi

déti, adolescenti

deficit kalcitriolu

faktory SNIZUJICI vstfebavani

hypochlorhydrie az achlorhydrie (resekce zaludku, PPI, H,-blokatory)
laktozova intolerance
s vékem se zvysujici deficit estrogent

tvorba nevstrebatelnych komplext (bisfosfonaty, fluoridy, fosfaty, oxalaty, fytaty)

nadmeérnd konzumace kofeinu

nadmeérnd konzumace alkoholu

nikotin

glukokortikoidy

H,-blokator — blokator receptoru pro histamin 2. typu PPI - inhibitory protonové pumpy
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vede ke zvySené osteoklastické resorpci, respektive
zvySuje expresi RANKL (Receptor Activator of Nuclear
factor Kappa beta/ligand pro receptor aktivujici jaderny
faktor kB) [1,6].

Kalcitriol ovliviiuje vstfebavani vapniku jednak geno-
mickou cestou, tedy podporuje transkripci gend pro vita-
min D receptor (VDR), kalbindin, kalmodulin a jiné proteiny
podilejici se na transportu kalcia, jednak negenomickou
cestou, tedy zvySuje fluiditu membrany pro kalcium.
Mimoto kalcitriol podporuje vstfebavani fosforu i mag-
nezia [7].

Kalcitonin je antagonistou parathormonu a ma hypo-
kalcemizujici, ale také fosfaturické ucinky. ZvySuje re-
nalni exkreci vapniku i fosforu a tlumi vstfebavani vap-
niku tim, Ze tlumi sekreci zalude¢nich $tav. Kalcitonin
ma mirné antiresorpéni ucinky. Jeho receptory se na-
chazeji na osteoklastech a inhibuje jejich funkci. Kalci-
tonin se fadi mezi neuropeptidy a mezi jeho Ucinky patfi
i analgeticky ucinek cestou zvyseni hladin B-endorfing,
tohoto Ucinku se terapeuticky vyuZzivalo u stavll spoje-
nych s bolesti (napriklad komplexni regionalni boles-
tivy syndrom). Zdsadni vyznam spociva v ochrané téla
pred nahlym zvysenim kalcemie. Jeho nedostatek (po
totélni tyreoidektomii) nevede k hyperkalcemii a chro-
nicky nadbytek (napf. u medularniho karcinomu $titné
Zlazy nebo ektopické produkci kalcitoninu u karcinomu
plic nebo prsou) nevede k hypokalcemii. Na vyznamu
nabyva v obdobi gravidity, laktace a intrauterinniho vyvoje,
v nichz jsou jeho hladiny zvyseny, a chrani tak kosti pred
ztratou vapniku [1].

Povazuiji za dllezité zminit i fosfaturicky hormon neboli
fibroblastovy rlistovy faktor 23 (FGF23), dfive nazyvany fos-
fatonin, protoze hraje zdsadni roli v kalciofosfatovém me-
tabolizmu. Stimulem pro jeho tvorbu je hyperfosfatemie
nebo zvyseni hladiny kalcitriolu. Je syntetizovan v osteo-
cytech a osteoblastech a plsobi predevsim v ledvinach
a pristitnych téliskach. Jeho vazba na receptor fibroblas-

Tab. 2 | Stavy se zvySenymi hladinami FGF23

tového rlstového faktoru 1 (Fibroblast Growth Factor
Receptor 1- FGFR1) je slaba a k Uplnému ucinku po-
trebuje koreceptor Klotho, ktery tuto vazbu posili. FGF
23 snizuje zpétnou reabsorpci fosfatd v proximalnim
tubulu, snizuje aktivitu Ta-hydroxylazy, a navic snizuje
tvorbu parathormonu, coz ma za nasledek pokles fos-
fatemie. Tito pacienti mivaji normalni nebo snizené hla-
diny kalcitriolu a k poklesu kalcemie nedochazi. V praxi
Ize FGF23 vyuzit jako marker mortality u pacientd s chro-
nickym onemocnénim ledvin, pfedevsim hemodialyzo-
vanych. Nadbytek FGF23 plsobi kardiotoxicky a vede
k hypertrofii levé komory.

Vycet stavl se zvysenymi hladinami FGF23 je uveden
v tab. 2 [8].

Poruchy metabolizmu vapniku a jejich
diagnostika

Poruchy metabolizmu vapniku vychazeji predevsim z po-
ruch regula¢nich mechanizm, jako jsou poruchy v ob-
lasti travici soustavy, kosti, pfistitnych télisek, dale pak
z poruch metabolizmu vitaminu D, kalcitoninu, VDR ¢i
CaSR. Poruchy FGF23 nevedou k poruse metabolizmu
vapniku, ale poruse metabolizmu fosfatu.

Diagnostika se opira o stanoveni hodnot celkového
vapniku a albuminu v séru, v pfipadé abnormalnich hodnot
albuminu stanovujeme hodnoty ionizovaného vapniku
nebo vépniku korigovaného na albumin [9]. Pri podezieni na
poruchu acidobazické rovnovahy stanovujeme pH krve
[10]. Soucasné stanovujeme hladiny magnezia a fos-
foru v séru. V. moci stanovujeme koncentraci a odpady
zminénych iontl. Soucasné stanovujeme hladiny re-
gulaénich hormon(, predevs$im parathormonu, kalci-
diolu (250HD), pripadné kalcitoninu, FGF23 a kalcitri-
olu (1,25 (OH), D) [9]. Zakladni odbéry doplnime o krevni
obraz, vy$etreni alkalické fosfatdzy (ALP) a ledvinné pa-
rametry. DalSi vysetreni indikujeme podle mozné etio-
logie [10].

laboratorni nalez

primarni zvyseni FGF23

hypofosfatemicka kfivice/osteomalacie AR
hypofosfatemicka kfivice/osteomalacie AD
tumorem indukovana rachitida/osteomalacie (T10)

McCunelv-Albrightv syndrom/fibrézni dysplazie

sekundarni zvyseni FGF23 CKD-MBD

onemocnéni

hypofosfatemicka kfivice/osteomalacie X-vdzana (XLH)

pricina
mutace PHEX
mutace DMP1
mutace FGF23
tvorba FGF23 nadorovymi bunkami
zvySena exprese FGF23

hyperfosfatemie

AD - autosomalné dominantni AR — autosomalné recesivni CKD-MBD — Chronic Kidney Disease-Mineral and Bone Disorder/kostni a mineralova
porucha pfi chronickych onemocnénich ledvin DMP1 — dentin matrix protein 1 PHEX — Phosphate-regulating gene with Homologies to Endopepti-

dases on the X chromosome
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Hyperkalcemie a jeji projevy

Hyperkalcemie je definovana jako zvysSena hladina
celkového sérového vapniku nad normalni hodnotu
deklarovanou uzitou laboratofi (ve vétSiné pripadd
> 2,65 mmol/l) pfi normalni hladiné albuminu [1]. Tézka
nebo rychle vznikla hyperkalcemie je Zivot ohrozujici
stav.

Hlavni pfiznaky hyperkalcemie zahrnuji anxietu, ko-
gnitivni deficit, zmény v chovani, svalové slabosti a bo-
lesti, obstipaci, zvraceni, nauzeu, dehydrataci, polyurii,
polydipsii, akutni renalni selhani, zkraceni QTc a v nej-
horsim pfipadé zastavu srdce v systole. DUsledky dlou-
hotrvajici hyperkalcemie jsou kalcifikace cév s rozvo-
jem aterosklerézy a arteridlni hypertenze, nefrolitidza
a nefrokalcindza. Pri hyperkalcemii mze dojit k rozvoji
peptického viedu z disledku nadmérné aktivace gast-
rinu a k rozvoji akutni pankreatitidy v ddsledku nadpro-
dukce trypsinogenu. Patrny je Castéjsi vyskyt krysta-
lovych artropatii, jako je dna nebo nemoc z ukladani
krystald kalcium pyrofosfat dihydratu [11,12].

AZ 90 % hyperkalcemii je zplsobeno bud primarni
hyperparatyreézou (PHPT) nebo malignitou. Pfi opa-
kované zvySené hladiné kalcia spole¢né se zvysenou
hladinou parathormonu prvné pomyslime na primarni
nebo terciarni hyperparatyredzu a vylou¢ime familiarni
hypokalciurickou hyperkalcemii. V téchto pfipadech
byva hyperkalcemie mirnéjsi a ¢astéji asymptomaticka
oproti maligni hyperkalcemii, u které byvaji hodnoty
>3,0 mmol/l a jsou Castéji symptomatické. Tercidrni
hyperparatyredza se objevuje nejcastéji pri chronickém
onemocnéni ledvin [1].

Primarni hyperparatyreéza je definovana jako kon-
stantni hyperkalcemie s elevaci hodnot parathormonu
nebo nepfimérené normalni hladinou parathormonu
vzhledem k hyperkalcemii. Patofyziologickym podkla-
dem je autonomni nadprodukce parathormonu s klonal-
ni dysregulaci rastu paratyreoidey se spoleéné snizenou
expresi CaSR [13]. Pfi¢inou nadprodukce parathormonu
je adenom v 75-85 % pfipadd, postizeni vice télisek
(multiglandular parathyroid disease), hyperplazie nebo
viceCetné adenomy v 15-20 % pfipadd a v méné nez
1 % karcinom paratyreoidey [14]. Geneticky podklad
PHPT je patrny zhruba v 10 % pfipadil. Radime sem mno-
hocetné endokrinni neoplazie (MEN-1, MEN-2A, MEN-4),
syndrom hyperparatyredzy a tumor( Celisti (Hyperpa-
rathyroidism-Jaw Tumor — HPT-JT), familiarni izolova-
nou hyperparatyreézu (FIHPT), téZkou neonatalni hy-
perparatyredzu (Neonatal Severe Hyperparathyroidism
= NSHPT) a familiarni hypokalciurickou hyperkalcemii
(FHH) [13]. FHH také nazyvanad jako benigni FHH je pro-
jevem inaktiva¢ni mutace CaSR u heterozygot(. U homo-
zygotl se projevuje jako NSHPT. Jsou popsdny 3 subty-
py FHH, pficemz vétsSina pfipadl je FHH1. Subtypy se
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liSi postizenou doménou CaSR. FHH se typicky projevu-
je celozivotni hyperkalcemii < 3,0 mmol/l, nizkou exkre-
ci kalcia, ¢asto hypofosfatemii, ale hodnota parathor-
monu je normalni az v 80 % pripadu [15]. K odliseni FHH
vyuzivame vypocet frakéni exkreci kalcia (FE Ca), u pri-
marni hyperparatyredzy by méla byt FE Ca > 0,01 [14].
Nicméné néektefi pacienti s PHPT se mohou také pre-
zentovat nizkou exkreci kalcia (napf. pacienti s defici-
tem vitaminu D nebo rendini insuficiencf). V téchto pfi-
padech si midZeme pomoci genetickym testovanim na
mutace CaSR [16].

S maligni hyperkalcemii se setkdvéme u pacientl
s pokrocilym nalezem onkologického onemocnéni ve
20-30 % pfipadl. Nachazime ji jak u solidnich tumord,
tak u hematologickych malignit. Maligni hyperkalcemie
je asociovana s horsi progndzou. Existuje nékolik cest
vzniku maligni hyperkalcemie: prostrednictvim nadbytku
PTHrP (Parathyroid Hormone-related Peptide/parathor-
monu podobny peptid, napf. Grawitz(v tumor, bronchialni
tumor), nadbytku PTH (napf. karcinom ovaria, tymom),
nadbytku kalcitriolu (nddory s vlastni Ta-hydroxylazou,
napf. HodgkinCv lymfom) a posledni cesta je prostrednic-
tvim nadorovych cytokind vedoucich ke zvySené expresi
RANKL (napf. osteolytické metastézy u karcinomu prsou
nebo myelom). Za pfiblizné 80 % malignich hyperkalce-
mii stoji ektopicka produkce PTHrP a za priblizné 20 %
stoji osteolytické metastazy, ostatni priciny jsou velmi
vzacné [1,17].

Mezi dalsi priciny hyperkalcemie fadime intoxikaci vi-
taminem D, granulomatézni onemocnéni zplsobené
zvySenou aktivitou Ta-hydroxyldzy (napf. sarkoiddza,
TBC, syfilis). Hyperkalcemii zpGsobenou z nadmérného
poZziti mlécnych vyrobkl nebo naduzivanim antacid na-
zyvame milk-alkali syndrom. Stavy s vySsim kostnim
obratem, respektive s prevahou vy$si kostni resorpce,
mohou vést k hyperkalcemii. Mezi takové stavy fadime
hypertyredzu, imobilizaci, intoxikaci vitaminem A, feo-
chromocytom a akromegalii [1,2]. Na tomto misté je
ddlezité prfipomenout, Ze konzumace provitamind vita-
minu A rostlinného pdvodu (karotenoidl) je neskodn4,
ale nadmérné uziti aktivniho vitaminu A, ¢asto ve volné
prodejnych prepardtech, mdze pUsobit toxicky a zplso-
bit nadmérnou resorpci kosti [18].

U déti bychom neméli zapomenout na perinatalni
nebo infantilni formu hypofosfatazie, kterd mdze byt
spojena s hyperkalcemii a sekundarni hypoparatyreo-
zou, avSak dominujicim nalezem je nizka hladina ALP
[19]. Napfiklad v recentni retrospektivni studii Whytea et
al 2019 melo hyperkalcemii 14 z 21 déti s perinatalni
a infantilni hypofosfatazii [20]. Projevy zahrnuji kfivici,
hypomineralizaci skeletu, fraktury a pfed¢asnou ztratu
docasnych zubl [21]. Mezi dalsi vzacnéjsi jednotky
patfi tranzitorni neonatalni hyperparatyredza, idiopaticka
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infantilni hyperkalcemie (IIH), Bartter(v syndrom typu 1
(neonatalni forma), Jansenova metafyzarni chondro-
dysplazie, WilliamsUv-Beurendv nebo Downdv syndrom,
jak je uvedeno v tab. 3 [6].

Hypokalcemie a jeji projevy

Hypokalcemie je definovana jako koncentrace celko-
vého kalcia v séru pod normaini referenéni mezi, ve vét-

Tab. 3 | Etiologie hyperkalcemie

Siné laboratofi je to hodnota < 2,25 mmol/I pfi normalni
hladiné albuminu [1].

Klinicky obraz akutni hypokalcemie predstavuje te-
tanii (pozitivni Chvostklv nebo Troussealv pfiznak),
jez zahrnuje parestezii, myalgii, svalové kfece, laryngo-
spazmus, brochospazmus a hyperventilacni tetanii. Mezi
dal$i projevy mohou byt prodlouzeni QTc, AV-blokady,
apatie a letargie [10]. Mezi zndmky chronické hypokalc-

laboratorni nalez etiologie hyperkalcemie

hyperkalcemie s normalni  PHPT
nebo zvysenou

hladinou PTH

hyperkalcemie se polékova

sekundarné snizenou
hladinou PTH

intoxikace vitaminem D

granulomatézni onemocnéni

milk-alkali syndrom

maligni hyperkalcemie

terciarni hyperparatyredza

hyperkalcemie s vysokym kostnim obratem

hypofosfatazie (perinatalni, infantilni)

Bartterlv syndrom typu 1 (neonatalni forma)

Jansenova metafyzarni chondrodysplazie
Williamstv-Beuren(v syndrom

Down(lv syndrom

idiopaticka infantilni hyperkalcemie (IIH)

tranzitorni neonatalni hyperparatyreéza

priklady

autonomni nadprodukce PTH:

adenom, viceCetné adenomy

MGD

hyperplazie

karcinom paratyreoidey

soucast hereditarnich syndrom:

mnohocetnd endokrinni neoplazie (MENT, MEN2A, MEN4),
familiarni izolovand hyperparatyreéza (FIHPT)
syndrom hyperparatyredzy a tumor( celisti (HPT-JT)
tézka neonatalini hyperparatyredza (NSHPT)
familiarni hypokalciuricka hyperkalcemie (FHH1/2/3)

lithium
tiazidova diuretika
parathormon a jeho derivaty

sarkoiddza
tuberkuldza
syfilis

exces antacid
exces mlé¢nych vyrobku

ektopicka produkce PTHrP

ektopicka produkce PTH

nadprodukce kalcitriolu nddorovymi burikami
nadorové cytokiny

chronické rendlni onemocnéni

intoxikace vitaminem A
feochromocytom
imobilizace
hypertyre6za
akromegalie

MGD - MultiGlandular parathyroid Disease/postizeni vice télisek PTHrP — parathyroid hormone-related peptide/parathormonu podobny peptid

PTH - parathormon
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Tab. 4 | Etiologie hypokalcemie

laboratorni nélez

hypokalcemie s nizkou nebo nepfimeé-
fené normalni hladinou parathormonu

hypokalcemie se sekundarné
zvySenou hladinou parathormonu

etiologie hypokalcemie

chirurgie v oblasti krku

autoimunitni hypoparatyredza

genetické pficiny hypoparatyredzy

infiltrativni procesy pfistitnych
télisek

metastatické procesy pfistitnych
télisek

radiacni destrukce pfistitnych
télisek

depozice v pristitnych téliscich

tranzitorni hypoparatyredza

funkéni hypoparatyredza

pseudohypoparatyreéza
(1a/1b/1¢/2)

tranzitorni neonatalnf
pseudohypoparatyre6za

infantilni osteopetréza

rendlni osteopatie s nizkym
kostnim obratem

polékové

nedostatek vitaminu D

rabdomyolyza
TLS

tubulopatie

vitamin D dependentni rachitida
(VDDR1A/1B/2A/2B/3)

priklady
hypoparatyredza
tranzitorni (Ustup do 6 mésict) nebo
permanentni

hypoparatyreéza familiarni izolovana,
autoimunitni polyglanduldrni syndrom typu | (APSI)

autosomalné dominantni hypokalcemie typu 1 a 2
izolovand hypoparatyredza (AR, AD, X-vdzand)

Di Georglv syndrom

Kennytv-Caffeylv syndrom

Sanjaddv syndrom

Kearnstv-Sayreho syndrom

mitochondridini encefalomyopatie s laktatovou acidézou a epi-
zody podobné iktu (MELAS)

syndrom nedostatku mitochondridlniho trifunkéniho proteinu
(MTP)

sarkoiddza

amyloidéza

Riedelova tyreoiditida

karcinom prsu, plic
leukemie

meédi — Wilsonova choroba, Zeleza — hemochromatdza

popaleniny
sepse
tézké akutni stavy

hypomagnezemie, hypermagnezemie

Albrightova hereditarni osteodystrofie pfitomna u typd 1a, 1c

adynamicka kostni choroba
osteomalacie

furosemid

antiremodelacéni preparaty (aminobisfosfonaty, denosumab)
kalcitonin

fenytoin

glukokortikoidy

kalcimimetika

malabsorpce

nespecifické stfevni zanéty

laktozova intolerance

nutricnf deficit

operace Ci ozareni v oblasti gastrointestinalniho traktu
jaterni ¢i ledvinné onemocnéni

hepatobilidrni onemocnéni

Fanconitv syndrom
Gitelmantyv syndrom

AD - autosomalné dominantni AR — autosomalné recesivni TLS — tumor lysis syndrom/syndrom nadorového rozpadu
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emie vznikajici v dusledku zvySeného kalciofosfato-
vého soucinu fadime ektopické kalcifikace (napf. v ba-
zélnich gangliich, kZi a cévach). Mdze se vyskytovat
katarakta nebo zubni abnormality [1]. V4Znou, avSak ra-
ritni komplikaci hypokalcemie je hypokineticka dilatacni
kardiomyopatie, ktera je potencialné reverzibilni po za-
jisténi adekvatni |écby [22]. Dalsi projevy jsou odvislé
od etiologie hypokalcemie.

Prvnim krokem pfi diferencialni diagnostice hypokalc-
emie je stanoveni hladiny PTH. Pokud je nizka, napo-
vida nam, Ze jsou postizena pristitna téliska. Pokud je
naopak hladina PTH zvy$ena, jedna se o jeho sekundarni
zvySeni. V prvnim pripadé se nejcastéji jedna o poope-
racni hypoparatyredzu (az v 75 % pfipadu), a bud dojde
k Upravé do 6 mésicl (tranzitorni hypoparatyredza),
nebo nikoli (permanentni hypoparatyredza) [14].

Dal$i skupinou jsou hypoparatyredzy vznikajici na au-
toimunitnim podkladé s tvorbou aktivujicich protilatek
proti CaSR nebo jako soucast autoimunitniho polyglan-
duldrniho syndromu typu 1 (APST1, spole¢né s kandido-
zou a Addisonovou chorobou) projevujici se jiz béhem
détstvi. Mezi genetické priciny hypoparatyredzy se radi
aktivaéni mutace CaSR nazyvajici se autosomalné do-
minantni hypokalcemie typu 1 a typu 2 (ADH1/2), jeZ se
liSi postizenou doménou CaSR. U ADH vidame supresi
parathormonu s hyperkalciurii, hypokalcemii, hyperfos-
fatemii a hypomagnezemii. DalSi genetickou poruchou
je Di Georglv syndrom zahrnujici hypoparatyredzu s hy-
pokalcemii, hypoplazii az agenezi tymu s imunitnim de-
ficitem a vrozenou vyvojovou vadou srdce [1,14,23,24].

Pfi hypokalcemii se sekundarné zvySenou hladinou
parathormonu, a je-li pacientem dité, velmi pravdépo-
dobné se jedna o pseudohypoparatyreézu (PHP). Toto
dédicné onemocnéni je charakteristické rezistenci
nebo Spatnou odpovédi cilovych orgdnli na parathor-
mon, ale i na jiné hormony, jako je tyreotropni hormon
nebo pohlavni hormony. V projevech napodobuje hypo-
paratyredzu, ale hladina parathormonu je zvySena. Je
popsano nékolik typl PHP (1a, 1b, 1c a 2). Mezi typem
1 a 2 je rozdil v odlisné odpovedi cAMP (cyklicky ade-
nozin-monofosfat) na podani parathormonu. U PHP
1 dochazi k jeho snizeni, oproti tomu u PHP 2 je cAMP
v normalni hodnoté. Mutace GNAST (kédujici alfa
podjednotku G-proteinu, jez ma klicovou roli v pre-
nosu intraceluldrnich déjd) je pfitomna u typu 1a, 1b
a pseudohypoparatyredzy (PPHP). Podtypy 1a, 1c jsou
charakterizovany generalizovanou rezistenci hormond,
kdeZto u subtypu 1b je rezistence omezena pouze na
parathormon v ledvinach. Postizeni s typem PHP Ta,
1c a s PPHP maji pfitomny typicky fenotyp nazyvany
Albrightova hereditarni osteodystrofie (AHO). Pacienti
s PPHP maji normailni hladiny vapniku i parathormonu
[25,26]. Typickymi projevy AHO jsou mald postava,
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kulaty obliCej, obezita, kozni a podkozni kalcifikace,
zkraceni IV. nebo V. metakarpl a metatarzd [23]. Tran-
zitorni neonatalni pseudohypoparatyredza predstavuje
pfechodnou rezistenci cilovych tkdni vic&i parathor-
monu pro nevyzralost receptoru u nezralych novoro-
zenct [27].

Infantilni ,maligni“ osteopetroza je vzacné dédicné
onemocnéni, autosomalné recesivni, jez je zplsobeno
mutaci chloridového kandlu CLCN7, RANK nebo RANKL
vedouci k neschopnosti osteoklastu resorbovat kost.
Kosti jsou hutné, sklerotizované, a dfenova dutina se tak
zmensuje, coz miZe vést k pancytopenii s rozvojem ex-
trameduldrni hematopoézy. V disledku nefungujici re-
modelace se vyviji hypokalcemie, kterda mdze byt za-
vazna, ale mlze i chybét [23,28,29].

Vitamin D dependentni rachitidy (VDDR) vedou jak
k hypokalcemii, tak k hypofosfatemii. VDDR1A je zpu-
sobena mutaci pro Ta-hydroxyldzu a je pfitomen deficit
kalcitriolu. U VDDR1B je pfitomna mutace pro 25-hyd-
roxylazu, chybi tedy jak kalcidiol, tak kalcitriol. VDDR2A
je zplsobena inaktivaéni mutaci pro VDR, coZ ma za na-
sledek rezistenci cilovych tkani na vitamin D a pfiblizné
50 % pacientll ma alopecii, ktera se vyviji pozdé&ji po na-
rozeni v dlsledku naruseného cyklu vlasového folikulu.
Doposud nebyl objeven gen, ktery zapficinuje VDDR2B,
jisté ale je, ze v mnoha pripadech se jedna o poruchu
pfevodnich proteint. U obou variant jsou hladiny kalci-
diolu i kalcitriolu normalni nebo zvysené. Pro VDDR3 je
typicka aktivacni mutace CYP3A4, ktera vede ke zvy-
Sené degradaci vitaminu D. PFi laboratornim vysetreni
je patrny pokles kacidiolu i kalcitriolu [30]. Dalsi stavy
vedouci k hypokalcemii jsou rabdomyolyza a syndrom
nadorového rozpadu vznikajici v disledku zvyseni na-
bidky fosfatl. Ostatni stavy jsou uvedeny v tab. 4 [2].

Zaver

Lze konstatovat, Ze vycet stav(, které vedou k rozvratu
kalciové homeostazy je pomérné rozsahly a je treba
mit na paméti, Ze stanoveni hodnoty celkového vapniku
pfi abnormalni hladiné albuminu nebo poruse ABR nas
muze uvést vomyl. V takovych pfipadech je nutné zjistit
hodnotu ionizovaného vapniku. Homeostaza vapniku je
zavisla na stfevni absorpci, kostni remodelaci a renalni
reabsorpci. Tyto procesy jsou hormonalné regulovany
predevsim parathormonem, kalcitriolem a minoritné
kalcitoninem a FGF23. Pfi podezieni na poruchu kalci-
ové homeostazy je nutné soucasné s vapnikem stano-
vit hladinu fosforu a magnezia v séru, odpady a koncen-
trace téchto iontd v moci a sou¢asné stanovit hodnotu
parathormonu, kalcidiolu, pfipadné kalcitriolu. Mezi nej-
Castéjsi priciny hyperkalcemie u dospélych patfi ne-
pochybné primarni hyperparatyre6za a maligni hyper-
kalcemie jako projev paraneoplastického syndromu.
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Hypokalcemii u dospélych zjistujeme nejCastéji pri de-
ficitu vitamin D nebo u hypoparatyredzy, véetné hypo-
magnezemie. U novorozencl a déti musime pfi diferen-
cialni diagnostice hyperkalcemie a hypokalcemie myslet
i na vzacné dedicné jednotky. Rozsah klinickych projevt
hypokalcemie i hyperkalcemie je individudlni a nemusi
nutné korelovat s hladinami vapniku. Nadto jsou projevy
zavislé také na etiologii hyperkalcemie a hypokalcemie.
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Abstract

Introduction: The healing of craniofacial bones is a complex and multi-stage process that can be influenced by
many factors of endogenous and exogenous origin. These factors include heavy metals, which play a significant
role in the metabolism of the human body. Fractures of the craniofacial bones carry a particular risk, both be-
cause of their proximity to many important anatomical structures but also because of the function they represent
for the beginning of two important systems: the digestive system and the respiratory system. It is therefore im-
portant to restore full function and normal bone metabolism as soon as possible. Objective: The aim of this study
was to review the scientific literature on the effects of selected heavy metals: cadmium, zinc, lead, mercury, iron on
the metabolism and healing processes of craniofacial bones. Material and methods: An analysis of the available
sources shows that cadmium, zinc and lead have a negative impact on the physiological processes leading to skel-
etal fusion. In contrast, iron play a positive role in bone-forming processes. The effect of mercury on craniofacial
bone metabolism is not yet fully understood. Summary: In summary, it can be concluded that heavy metals affect
the healing processes and metabolism of craniofacial bones to varying degrees. The impact of these substances
is not always negative. It should be borne in mind that it is extremely important to minimise the supply of some of
these substances during the healing process directed at bone fusion.

Key words: bone metabolism — heavy metals — metals — skeletal bone healing processes

Abstrakt

Uvod: Hojeni kraniofacidlnich kosti je slozity a vicestuprovy proces, ktery mize byt ovlivnén mnoha faktory endo-
genniho i exogenniho plvodu. Mezi tyto faktory patfii tézké kovy, které hraji vyznamnou roli v metabolizmu lidské-
ho téla. Zlomeniny kraniofacialnich kosti predstavuji zvlastni riziko, a to jednak kvdli jejich blizkosti mnoha ddlezi-
tym anatomickym strukturdm, ale také s ohledem na jejich funkci v pocateénich ¢astech dvou dllezitych Ustroji:
traviciho a dychaciho. Je proto vzdy dulezité co nejdrive obnovit plnou funkci a normalni metabolizmus kosti. Cil:
Cilem této studie byl prehled odborné literatury o vlivu vybranych tézkych kovd: kadmia, zinku, olova, rtuti a Zzeleza
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na metabolizmus a procesy hojeni kraniofacidlnich kosti. Material a metody: Z analyzy dostupnych pramen( vy-
plyva, Ze kadmium, zinek a olovo maji negativni vliv na fyziologické procesy vedouci k srlistu kosti. Naproti tomu
Zelezo hraje pozitivni roli v procesech tvorby kosti. Vliv rtuti na metabolizmus kraniofacialnich kosti neni dosud
zcela objasnén. Shrnuti: Souhrnné Ize konstatovat, Ze t€7ké kovy v riizné mife ovliviiuji procesy hojeni a metaboliz-
mus kraniofacidlnich kosti. Dopad téchto latek neni vzdy negativni. Je tfeba mit na paméti, Ze je nesmirné dulezité
minimalizovat pfisun nékterych z téchto latek béhem procesu hojeni zaméreného na kostni fuzi.

Klicova slova: kostni metabolizmus — tézké kovy — kovy — procesy hojeni kosti

Introduction

In a constantly and dynamically developing world, people
are often exposed to substances that have a negative
impact on their health. We can count heavy metals among
such factors.

Heavy metals is a general term for metals and semi-me-
tals with a high density (above 4.5 g/cm?®), often exhibiting
toxic effects on the human body [1]. They can be delive-
red to the body through food, contaminated water, in the
workplace through inhalation of contaminated air, or in
smokers through inhaled tobacco smoke, which is rich
in lead, mercury, nickel or cadmium, among others [1].

Bone healing after a fracture is a complex process
and multistage process, which we divide into succes-
sive phases: inflammatory, proliferative, osseous forma-
tion and the ongoing remodelling and modelling phase.
These processes lead to the restoration of tissue conti-
nuity. They may be influenced by the presence of sub-
stances physiologically not involved in the bone healing
mechanism, such as heavy metals [2,3].

Heavy metals that can affect the healing processes
of the craniofacial bones are: Cadmium, Zinc, Lead, Mer-
cury, Iron.

Cadmium
Cadmium is considered to be one of the most harm-
ful metals found in nature. As one of the main sources
of cadmium in the diet are considered to be products
of plant origin (75 %). Cadmium concentrations in cere-
als and plant roots reach 25 pg/kg. The concentration
of this element in plants strongly depends on the grow-
ing region and the proximity of cadmium emitters to
the environment, influencing the contamination of the
area [4]. Potatoes, which are rich in this element due
to the cadmium-rich fertilisers used in their cultivation,
play a major role [5]. Another equally important source
of cadmium is food products of animal origin, the main
role being played by the offal of adult animals and cer-
tain shellfish. Fish meat and crustaceans contains cad-
mium at 0.01-0.02 mg/kg, in offal it is much higher,
reaching values of 0.2 to 1.6 mg/kg [5].

Cadmium is one of the components of tobacco
smoke, and the burning of one cigarette provides the
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smoker’s body with approximately 0.1-0.2 pg of cad-
mium [5].

Cd enters the human body mainly via the oral or re-
spiratory system. The oral cavity, as well as the entire
craniofacial cavity as the first element of the respira-
tory system and the digestive system, is strongly ex-
posed to the negative effects of this metal. Once cadmi-
um enters the body, it accumulates in the liver, kidneys,
testes and bones and it is in these organs that it causes
the most damage [5].

An epidemiological study by Alfvén T et al found that
even small, sustained doses of cadmium can affect
bone structure, metabolism and density [6]. These
studies were confirmed in experiments on rats admin-
istered CdCl, (1 mg/kg body weight) over a period of
49 days. On the day the laboratory animals were killed,
an atomic absorption spectrometry (ASA) test was per-
formed on the bones of these animals. The experiment
proved that continuous exposure to even low doses of
cadmium alters the structure of the spongy bone, which
is abundant in craniofacial bones, among others [7].

Another issue is the effect of Cd on fracture incidence.
In a study conducted in Belgium by CadmiBel in people
with doubled U-Cd concentrations (in urine), a much
higher incidence of fractures was observed, with a signifi-
cantly higher frequency in women (RR = 1.73, 95% Cl =
1.16-2.57). In contrast, in men, the rate was lower at
(RR =1.20,95% Cl = 0.75-1.93) [8].

Cadmium exacerbates the incidence of osteoporo-
sis, which in turn affects the increased risk of fractures
in the elderly. A study by Wallin et al demonstrated an
association between high urinary cadmium concentra-
tions and low BMD (densitometry) and an increased
risk of osteoporosis-related fractures [9-11].

In a study by Sughis et al conducted on a group of
155 Pakistani school-aged children, it was noted that
a doubling of urinary Cd concentration was associat-
ed with a 1.72-fold higher urinary DPD (Pyrylinks D) and
a 1.21-fold higher urinary calcium content in the chil-
dren studied. These results indicate a direct link be-
tween exposure to even low doses of cadmium and
bone resorption also among adolescents [12].

www.clinicalosteology.org
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Zinc

Zinc has been known as an essential element since
1970. The daily requirement for this element is approxi-
mately 10 mg. 85 % of zinc is stored in bone and muscle
[13]. Zinc is a cofactor for many enzymes, mainly metal-
loproteins, and has many physiological roles. The ele-
ment stimulates bone-forming processes and inhibits
bone resorption [14,15]. Zinc-dependent enzymes are
involved in bone metabolism [16]. Zinc has been shown to
activate alkaline phosphatases, which enable mineral depo-
sition in bone [17]. The cellular mechanism of the bene-
ficial action of this element is that it stimulates the dif-
ferentiation and proliferation of osteoblastic cells [18].

In 2007, a study was conducted on the effect of zinc
supplementation on alkaline phosphatase activity and
bone fracture healing [18]. It was shown that zinc supple-
mentation for 60 days had a stimulating effect on callus
formation during fracture healing. Zinc stimulates protein
synthesis in osteoblasts through the activation of amino-
acyl-tRNA synthetase and enables the growth of bone
components and an increase in calcium content [19].

Zinc supplementation is useful as a stimulant for healing
of fractures of the facial bones and bones of the muscu-
loskeletal system. [19]. Clinical studies have shown that
serum skeletal alkaline phosphatase activity is used as
an indicator of the rate of bone formation. Zinc addi-
tionally reduces the secretion of cytokines that inhibit
the activation and formation of osteoclasts [20]. It has
been shown that zinc supplementation can positively
influence bone formation as it does not induce inflam-
matory processes, but affects the BMP protein [21].

In oral maxillofacial surgery, zinc alloy systems are
used to stabilise bone fractures. Zinc is involved in the
regeneration of hard tissues, it also promotes wound
healing and keeps the periodontium healthy [22,23].
Zinc alloys and zinc itself have excellent osteogenic
properties and low reactivity.

Ping Li et al. suggested that zinc-copper alloy is a good
implant material for maxillofacial bone and improves
cell proliferative activity [24]. The effectiveness of inter-
nal stabilisation of maxillofacial fractures with Zn-Mg-Fe
alloy was also evaluated. In comparison with PLLA and
Ti alloy, in addition to good stabilisation, it additionally
enabled new bone formation due to the osteogenesis of
zinc ions produced during degradation [25].

Topical injection of zinc (ZnCl,) salts increases bone
mechanical strength and stability after healing of bone
fractures [26]. In contrast, Tokudome et al. found that
topical injection around the alveolar bone of zinc stea-
rate and zinc octanoate improves the formation of this
bone and inhibits osteoclast activity within it [26].

Zincis used for Guided Bone Regeneration (GBR) mem-
branes. Membranes made of pure zinc with 300 um holes
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showed the best osteogenic capacity in a rat model of
cranial defect. This ability was compared to membranes
made of Ti, as demonstrated by Guo et al in their study
[27]. Chou and research group prepared a GBR mem-
brane with Zn and HAp and compared its performance
with collagen membrane and defects not filled by any
membrane. Bone regeneration in the Zn-HAp group
was significantly higher than in the other groups [28].

Zinc-doped bone subsytems also play an important
role in maxillofacial surgery. These materials can release
zinc ions to inhibit osteoclasts, stimulate osteoblast ac-
tivity and form new mineralised tissue [26].

So far, no ideal agent has been found for the treat-
ment of bone fractures and defects, but zinc and its
compounds may act as a pharmacological tool to stim-
ulate the healing of bone fractures in the craniofacial
region.

Lead

The widespread presence of lead in the environment re-
sults in constant exposure of the human body to this el-
ement. Its effects depend on the dose received by an in-
dividual. The main sources of exposure to this element
occur in environments such as: battery or paint facto-
ries, ferrous and non-ferrous metallurgy, ceramics, ma-
chinery and printing industries, scrap yards [29].

Itis an element absorbed into the human body mainly
through the respiratory tract, the skin, and to a lesser
extent through the digestive system. Acute poisoning
by this compound is rare, but chronic poisoning causes
pathology in the nervous and digestive systems [30].

Lead has the ability to accumulate in the human
body: 90-95 % of total lead in the body is stored in min-
eralised tissues such as teeth and bones, which is re-
lated to its ability to replace other divalent cations in
the hydroxyapatite network (calcium, magnesium and
iron). Lead is able to directly affect the mechanisms of
bone mineralisation by acting on the activity of osteo-
clasts and osteoblasts, but it can also indirectly affect
these mechanisms by damaging organs (e.g. kidneys)
involved in calcium homeostasis. The strong inhibition
of calcium assimilation caused by lead poisoning, to-
gether with the metabolic imbalances it induces, can
lead to the development of various bone pathologies,
such as osteoporosis. These changes in composition
and structure have a direct impact on the mechanical
properties of bones, reducing their hardness and resis-
tance to external stresses and impairing their physio-
logical function [31].

Studies by Terrizzi et al, Han et al and Kim et al also
demonstrated the pathological effect of lead on the
healing of the mandibular alveolar bone, with a conse-
quent loss of volume linked to a pathology in the me-
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tabolism of calcium, which is a bone constituent quite
important in the need for bone regeneration. This is
due to the structure of hydroxyapatite (Ca,,(PO,),(OH),)
of which calcium is the main component, it has oste-
oinductive properties and is one of the main building
blocks of mineral tissues in the human body, so abnor-
mal calcium metabolism will be the cause of insuffi-
cient or disappearance of hydroxyapatite [32,33].

The co-occurrence of additional periodontal disease
with elevated lead levels in the body increased the likeli-
hood of failure of craniofacial bone healing [32,33].

The study by Alvarez-Lloret et al. showed a signifi-
cant decrease in bone mineral density (BMD) and bone
volume/tissue volume (BV/TV) ratio in the trabecu-
lar bone of lead-exposed rats compared to the control
group. SEM images also confirmed this impairment
of the trabecular structure of the alveolar bone. Their
study showed higher porosity and reduced bead den-
sity in the lead-exposed group, particularly in the in-
ter-root area of the mandibular molars. Reduced traits
of the trabecular microarchitecture of the alveolar bone
are associated with an increased incidence of osteopo-
rosis and fracture risk [31].

Mercury

Even in very low concentrations, mercury poses a threat
to living organisms. There is currently no information
on the metabolic functions of this element. Mercury
can occur in organic and inorganic forms. Organic com-
pounds can be up to ten times more toxic. By reacting
with proteins containing sulfhydryl groups in their struc-
ture, they can interfere with most enzymatic reactions
[30].

Mercury is an element which, together with Cadmium
(Cd) and Lead (Pb), forms the so-called “trio of death
metals”. Its introduction into the body can take place
by ingestion, inhalation as well as through the skin, the
issue that differentiates mercury from the other two ele-
ments is its additional occurrence in amalgam fillings [34].

Mercury can accumulate in bone and cartilage tissue,
which can cause osteoarthritis, especially in people with
a genetic susceptibility to autoimmunity. Mercury is se-
lectively captured by cells that are affected by rheuma-
toid arthritis and osteoarthritis. In addition, mercury is
captured by fibroblasts in organs involved in multisystem
connective tissue disorders. Mercury provokes autoim-
mune, inflammatory, genetic and epigenetic changes
that have been described in a number of arthropathies
and bone and connective tissue diseases [30].

The very easy availability of Hg results in its greater
or lesser impact on the human body. The consequenc-
es of bone fusion pathology are that mercury can build
up in place of calcium in carbonates or hydroxyapatites,
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which are the natural building materials of cartilage and
bone, resulting in abnormalities when these tissues
need to fuse/heal [35].

Paula Beatriz de Oliveira Nunes et al. conducted a study
in which they investigated the effects of long-term expo-
sure to inorganic mercury on the alveolar bone of adult
rats [36]. Changes were observed in the physicochem-
ical components of the alveolar bone of exposed ani-
mals. The bone changes represented a tissue response
at the microstructural level, such as anincrease in bone
volume. However, no significant dimensional changes
(bone height) were observed. Exposure to inorganic mer-
cury at this dose may promote microstructural chang-
es and alterations in the organic and inorganic compo-
nents of alveolar bone [36].

Even in low concentrations, mercury poses a risk to
living organisms, as any metabolic function of this ele-
ment is unknown. Organic forms of mercury are more
toxic (up to 10 times more toxic) than inorganic forms,
and the distribution in the body depends on the type of
compound and the time of exposure [30].

Iron

The human body needs balanced levels of iron, and
both elevated and reduced levels of this micronutrient
have their significant effects on osteoclast and osteo-
blast metabolism, contributing to loss of bone mass [37].

Iron deficiency is the most common micronutrient defi-
ciency worldwide and has negative effects on pregnan-
cy outcomes in women and on immune function and
neurological development in children [38]. Iron excess,
as well as iron deficiency, disrupts the balance between
bone destruction and synthesis, affecting the differen-
tiation and activity of osteoclasts and osteoblasts. Iron
excess as well as iron deficiency is accompanied by
weakened bones, suggesting that balanced bone ho-
meostasis requires optimal iron levels [39].

Dietary iron comes in two forms: hem iron and non-
hem iron. The main sources of hem iron are animal
products, i.e. red meat, poultry and fish and seafood.
The non-hemic form can be found in legumes, cereals
and vegetables. Furthermore, iron bioavailability is de-
pendent on the correct amount of hydrochloric acid.
Which is especially true for non-hem iron, which re-
quires a low pH for proper absorption [40,41].

A study was carried out, through which it was shown
that approximately 7 out of 10 people with sickle cell
bone disease (sickle cell SCD) with high iron levels had
reduced bone mass. Thus, iron was found to have an
inferior effect on a person’s overall bone function. The
most common form of hereditary haemochromatosis
(HH) has a strong correlation with osteoporosis, its de-
velopment being linked to iron. In addition, patients with
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this condition were characterized by a higher incidence
of wrist fractures, as well as vertebral fractures [42].

In the case of menopause, we can see hormonal fluc-
tuations and changes in iron metabolism. At the same
time as estrogen reduction, an up to 3-fold increase
in ferritin has been noted in postmenopausal women,
while the rate of bone reduction itself is faster and in
a manner closely related to ferritin intake. It has also
been observed that there is an inverse relationship be-
tween ferritin and, more specifically, serum ferritin in
the female sex at > 45 years of age. With all these ob-
servations, it has been demonstrated that an increase
in total iron may be an independent factor for increased
bone reduction in postmenopausal women [37].

One recent study has shown that the effect itself of
low iron levels may be biphasic, namely a mild low level
of this metal stimulates the activity of bone-forming
cells, while a low level of iron decreases their activity
[36,43]. Confirmation of the deleterious effects of ex-
cessive iron is the higher prevalence of such conditions
in people with haemochromatosis, a genetic disorder
involving excessive iron absorption. In everyday clini-
cal practice, excess iron is treated with iron chelators,
and successful treatment can prevent osteopenia and
osteoporosis. This significantly reduces the propensi-
ty for bone fractures in the future and accelerates bone
healing processes [37,41,43]. Accumulation of iron con-
tributes to the progression of osteoporosis by inhibiting
osteogenesis and promoting osteoclastogenesis, im-
pacting the risk of femur bone fractures [44].

Summary

Environmental and occupational exposure to heavy
metals is very high in today’s ever-evolving world. These
elements affect the overall health of the body, including
the healing processes of the facial bones and bones of
musculoskeletal system. The impact of heavy metals
on the healing of bone fractures will be the same for
both facial bones and other bones in the human body.
The presence of heavy metals affects the risk of develo-
ping osteoporosis, and consequently, the fragility of all
bones, which may lead to bone fractures.

The role of specialists — including dentists — is to take
into account the effects of heavy metals on the healing
processes of the craniofacial bones and the patient’s
environmental exposure to these elements. Considera-
tion of these issues is essential to properly plan treat-
ment and speed up the patient’s recovery.
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Vplyv roznych vitaminov na zdravie
kosti a vznik osteoporozy

Skalny AV, Aschner M, Tsatsakis A et al. Role of vita-
mins beyond vitamin D3 in bone health and osteopo-
rosis (Review). Int J Mol Med; 53(1): 9. Dostupné z DOI:
<http://dx.doi.org/10.3892/ijmm.2023.5333>.

Nutri¢né faktory maju zasadny vplyv na prevalenciu os-
teopordzy, pricom kalcium a vitamin D sa povazuju za
kritické pre zdravie kosti. Existuje vSak viac dékazov,
ze iné mikronutrienty vratane mineralov a stopovych
prvkov, vitaminov a polyfenolov, mézu zmenit riziko roz-
voja osteopordzy. Vitaminy A, E, K, C a B, sa podielaju
na reguldcii kostného obratu a ich nedostatok mozno
povazovat za diétny rizikovy faktor osteopordzy. Epide-
miologické Studie su vSak nekonzistentné, ako aj hypo-
tézy molekularnych mechanizmov, ktoré su zakladom
pochopenia Ulohy vitaminov pri modulacii zdravia kosti
(okrem vitaminu D). Predpoklada sa, Ze Gcinky vitaminov
na metabolizmus kosti a patogenézu osteopordzy zavi-
sia od konkrétnej formy vitaminu alebo expozi¢nej davky.

Vitamin E

Vitamin E ma osteoprotektivny efekt, ale biologické
Ucinky su silne zavislé od jednotlivych foriem. Epide-
miologické Studie preukazali, Ze hladina a-tokoferolu
v sére je vyznamne spojena s BMD, zatial ¢o jeho nedo-
statok suvisi so zvySenym rizikom zlomenin. 1zoméry
tokoferolu a tokotrienolu zvysuju kvalitu kosti a podpo-
ruju regeneraciu na zvieracich modeloch osteopordzy.
Osteogénne Ucinky tokoferolu sa pripisuju antioxidac-
nému efektu vitaminu E, inhibicii osteoblastove] fero-
ptézy a apoptdzy, ako aj aktivacii drah TGF1B3/Smad
a PIBK/Akt. ESte silnejSie osteogénne ucinky boli pre-
ukazané pre tokotrienol, ktory podporuje signalizaciu
BMP-2 a Wnt/B-kateninu, a chrani bunky pred oxidac-
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nym stresom a apoptdzou. Obe formy inhibuju osteo-
klastogenézu cestou RANKL.

Vitamin K

Vitamin K (VK) je vitamin rozpustny v tukoch, ktory sa
nachddza vo forme VK1 (fylochinon), VK2 (menachi-
non), VK3 (menadién) a syntetickych derivatov. Ukazalo
sa, ze VK2, ktory je najc¢astejSie pritomny vo forme me-
nachinénu 4, 7 a 10 (uddvajuceho pocet izoprenylovych
skupin v polohe C3), sa podiela na regulacii kostnej re-
modelacie. Klinické a laboratérne Udaje ukazuju, ze su-
plementacia VK ucinne zvysSuje BMD a znizuje riziko
zlomenin u zien po menopauze. Okrem toho zvySuje
antiosteoporotické UcCinky suplementacie vitaminu D
a kalcia. Ukazalo sa, ze osteogénny ucinok VK2 ako MK4
a MK7 sa pripisuje aktivacii signalizacie BMP2 (Bone
Morphogenetic Protein 2) a Wnt/B-kateninu a zlepse-
niu inhibi¢nych ucinkov prozapalovych cytokinov, brani
apoptdze a feroptdze osteoblastov. Inhibuje aj kostnu
resorpciu inhibiciou osteoklastogenézy a aktivaciu down-
reguldciou signalizacie RANKL s posunom k aktivacii
osteoprotegerinu. Ukazalo sa tiez, Ze VK zabranuje vas-
kuldrnej kalcifikacii aktivaciou MGP (Matrix Gla Protein),
¢im smeruje kalcium z cievnej steny k jeho ukladaniu
v kostiach. Preto VK mozno povazovat za protektivny
faktor aj vaskularnej kalcifikacie.

Vitamin A

Vitamin A (VA) sa podiela na regulacii fyziologie kosti
prostrednictvom signalizacie receptora kyseliny reti-
novej, avsak jeho uloha pri osteopordze sa javi ako ne-
jasna. Zatial Co viaceré Studie preukazali, ze nadmerny
prijem VA v potrave a jej akumulacia v organizme je
spojena so znizenou BMD a osteopordzou, pozorova-
nia u jedincov s depléciou VA poukazali na nepriaznivé
ucinky jeho nedostatku. In vitro Studie vsak naznacuju
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pozitivne ucinky VA v mikromolarnych davkach na os-
teogenézu, zatial o nizsie nanomolarne davky maju inhi-
bi¢né ucinky. Efekt na kost je sprostredkovany hlavne mo-
dulaciou kostného morfogenetického proteinu 2 (Bone
Morphogenetic Protein 2 — BMP2) a drahou Wnt/p-ka-
tenin. Tieto zistenia ukazuju, ze prijem VA je potrebné
starostlivo monitorovat u jedincov, ktori st ohrozeni,
aby sa predislo nebezpecnym ucinkom hypovitamindzy
aj hypervitamindzy na zdravie kosti.

Vitamin C

Vitamin C (VC) ma priaznivé Ucinky na tvorbu trabeku-
larnej kosti. Ukazalo sa, ze suplementdacia VC u zien po
menopauze je spojena so zvysenim BMD na viacerych
miestach, zatial ¢o najvysSia BMD bola pozorovana
uzienuzivajucich VC, estrogén akalcium. Viaceré studie
dokazali nizSiu prevalenciu zlomenin bedra pri vy§Som
prijme VC. Predpoklada sa pozitivny vplyv VC na dife-
rencidaciu a aktivitu osteoblastov. VC tiez vyznamne mo-
duluje kostnu resorpciu prostrednictvom regulacie os-
teoklastogenézy (cez RANKL) a aktivity osteoklastov.
Je pozoruhodné, ze VC podporuje tvorbu osteoklastov
iba v skorsom stadiu osteoklastogenézy, zatial o v ne-
skorom $tadiu zvySuje apoptozu osteoklastov. Predpo-
klada sa aj osteogénny efekt VC prostrednictvom akti-
vacie signalizacie BMP2 a Wnt/B-kateninu.

Vitaminy skupiny B

Vitaminy skupiny B predstavuju skupinu Strukturaine
heterogénnych vo vode rozpustnych molekul, ktoré plnia
Ulohu kofaktora pre mnozstvo enzymov zapojenych do
[udského energetického metabolizmu vratane fyziolo-
gie kosti a ochrany pred osteopordzou.

Existuju vSak urcité rozpory tykajuce sa ochrannych
Ucinkov vitaminov skupiny B na kost. Analyza Udajov $tudie
Framingham Offspring Osteoporosis Study preuka-
zala, ze muZi a Zeny s hladinami vitaminu B,, v plazme
< 148 pM su charakterizovani znizenou BMD v oblasti
bedra a chrbtice. V sulade s tym sa nedostatocny prijem
B,, povazuje za rizikovy faktor osteopordzy u veganov.
Vysledky $tudii hodnotiace vplyv vitaminu B, na kost
su kontroverzné — pri vy§Som prijme B, dokumentuju
su hladiny kyseliny listovej vyznamne spojené s BMD.
Predpoklada sa, ze suplementéacia kyselinou listovou
v dévke 0,5-5 mg denne mdze viest k zlepSeniu BMD
u pacientov s nizkou hladinou kyseliny listovej alebo
hyperhomocysteinémiou.

Poznatky o vplyve tychto vitaminov na fyziolégiu
kosti

Vzhladom na epidemiologické a laboratorne nalezy sa
ukazuje, ze antioxidacné vitaminy skupiny E, najma vo
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forme a-tokoferolu a VC, by sa mali povazovat za U¢inné
mikronutrienty na redukciu osteoporézy. Zda sa, ze te-
rapeutické okno VA pre zlepSenie zdravia a kvality kosti
je dost Uzke a nedostato¢ny aj nadmerny prijem VA zni-
Zuje kvalitu kosti, preto by sa mal suplementovat len
u jedincov s nedostatkom VA. Priaznivé ucinky suple-
mentacie kyseliny listovej a B,, na zdravie kosti su prav-
depodobne vlastné aj subjektom s nedostato¢nym prij-
mom vitaminov, takze udrziavanie optimalneho prijmu
vitaminov skupiny B v strave je tiez nevyhnutné na pre-
venciu osteopordzy. Vzhladom na existujuce udaje
su potrebné dalSie Studie na odhalenie ucinkov a me-
chanizmov, ktoré su zakladom vplyvu réznych foriem
a davok vitaminov na fyzioldgiu kosti, ako aj zavislost
tychto ucinkov od zakladného stavu vitaminov.

Imunologicka charakteristika
chronickej nebakterialnej
osteomyelitidy u dospelych

Leerling AT, Andeweg EH, Faber J et al. Immunological
Characterization of Chronic Nonbacterial Osteomye-
litis (CNO) in Adults: A Cross-Sectional Exploratory
Study. JBMR Plus 2023; 7(12): €10818. Dostupné z DOI:
<http://dx.doi.org/10.1002/jbm4.10818>.

Chronicka nebakteridlna osteomyelitida (CNO) je vzédcne
ochorenie postihujuce deti aj dospelych. CNO u do-
spelych sa moéze vyskytnut ako izolované postihnutie
kosti alebo so Sirokym spektrom extraskeletalnych pri-
znakov. Vzhladom na typicku lokalizaciu 1ézii v prednej
hrudnej stene sa vo viacerych krajinach pouziva nazov
sterno-kosto-klavikuldrna hyperostéza (SternoCosto-
Clavicular Hyperostosis — SCCH). CNO sa mdze vy-
skytnut v kombinacii so synovitidou, palmoplantarnou
pustulézou (PPP) alebo akné, a preto je bezne oznacené
skratkou SAPHO — synovitida, akné, pustuldza, hyper-
ostdéza a osteitida. Patofyziolégia CNO nie je jasna.
Najskor ide o autoinflama&né ochorenie, v ktorom ak-
tivacia imunitného systému a prozapalova cytokinova
nerovnovaha vedu k vzniku lokalizovanych kostnych
lézii. Dbkazy pre tento patomechanizmus vSak pocha-
dzaju najma zo studii vykonanych v pediatrickej popula-
cii a zostava nejasné, do akej miery sa pediatricka CNO
podoba dospelému variantu.

Praca autorov z Leiden University Medical Center sa
zaobera imunologickou charakterizaciou dospelych
s CNO, skima pritomnost réznych zépalovych mar-
kerov a cytokinovy profil ako parametre systémového
zapalu, ktoré by reflektovali aktivitu ochorenia a mohli
by byt vyuzité ako diagnostické prediktory a biomarkery
monitorovania. Do Studie bolo zaradenych 172 pacien-
tov s CNO a 65 kontrolnych probandov (91,2 %, resp.
84,6 % zien). Laboratérne vysledky boli extrahované

www.clinicalosteology.org
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z elektronickych zdravotnych zaznamov: CRP, ALP, CTx,
PINP a krvny obraz vratane diferencialneho poctu leu-
kocytov, ¢o umoznilo vypocitanie pomeru (ratio — R)
neutrofilov/lymfocytov (NLR), trombocytov/lymfocytov
(TLR), lymfocytov/monocytov (LMR). Index systémo-
vej imunitnej inflamdcie (Sll) bol tiez stanoveny néso-
benim poctu trombocytov a NLR. Radiologicka aktivita
ochorenia bola hodnotena pomocou SPECT/CT vychy-
tavanim technécia ([**™Tc]Tc-HDP-SPECT/CT). U nie-
ktorych jedincov prebehla aj analyza Sirokej skaly cy-
tokinov v sére (IL1B, IL6, IL8, TNFq, IL10, IFNy, IL12p70,
IL13, IL2, IL4, ILT7A, IL21, 1L22, 1L23, IL27, IL37).

Podla skeletalnej distribucie malo 80,8 % pacientov
len postihnutie v oblasti prednej steny hrudnika a mensia
skupina mala zmeny v oblasti stavcov a dolnej Celuste.

www.clinicalosteology.org

Ako extraskeletalne postihnutie sa vyskytlo PPP a/alebo
psoridaza u 30,2 %, artritida u 4,1 % a oba priznaky u 5,2 %
pacientov. Sll bol zvySeny u pacientov s CNO, ale nie
NLR. Pacienti vykazovali nizke absolutne koncentra-
cie prozapalovych cytokinov. Systémovy zapal bol vy-
raznejsi u pacientov s vertebralnymi |éziami, pridruze-
nym koznym ochorenim a vyraznou aktivitou ochorenia
pri SPECT/CT vySetreni. Na rozdiel od pediatrickych
Studii autori nezistili Ziadnu zvySenu expresiu prozapa-
lovych cytokinov IL6, IL8, IL17 a TNFa, ani Statisticky
signifikantné rozdiely v sérovej hladine ALP, PTNP a CTx
medzi pacientmi a zdravymi probandmi. DalSie Studie
sU potrebné na vyhodnotenie predpokladanej dysregu-
lacie cytokinov v spektre CNO v dospelej populdcii.

Clin Osteol 2023; 28(4): 139-141



D= i (R

XV. celostatni konference

SEKUNDARNI
OSTEOPOROZA

poradatel
Spole¢nost pro metabolicka onemocnéni skeletu CLS JEP

10.-11. kvétna 2024

Kongresové centrum, Parkhotel PLZEN

POZVANKA

Dulezita data

15. 3. 2024

Deadline aktivni Ucasti a zaslani abstrakt

31. 3. 2024

Ukonceni platby registracniho poplatku
za zvyhodnénou cenu

Vzdélavaci akce je poradana dle Stavovského predpisu ¢ 16 CLK. Akce bude ohodnocena kredity pro lékare.
Organizacni
Vice informaci na webovych strankdch akce agentura

www.osteoplzen2024.cz :




Redakcni rada | Redakéna rada

Vedouci odborny redaktor (pfedseda redakéni rady) | Veduci odborny redaktor (predseda redakénej rady)
prof. MUDr. Juraj Payer, PhD., MPH, FRCP (V. interna klinika Lekéarskej fakulty Univerzity Komenského a UN Bratislava, Slovensko)

Zastupce vedouciho redaktora | Zastupca veduceho redaktora
prof. MUDr. Vladimir Pali¢ka, CSc., dr.h.c. (Osteocentrum Ustavu klinické biochemie a diagnostiky Lékafskeé fakulty v Hradci Kralové, Univerzity Karlovy
a FN Hradec Kralové, Ceska republika)

Uzsi redakeni rada | UzSia redakéna rada
doc. MUDr. Zdenko Killinger, PhD. (V. internd klinika Lekarskej fakulty Univerzity Komenského a UN Bratislava, Slovensko)
MUDr. Jan Rosa (Affidea Praha s.r.0., Praha, Ceska republika)

Clenové redakéni rady | Clenovia redakénej rady

prof. MUDr. Pavel Horék, CSc. (Olomouc, Ceska republika) MUDr. Pavol Masaryk, CSc. (Piestany, Slovensko)

doc. MUDr. Peter Jackuliak, PhD., MPH (Bratislava, Slovensko) MUDr. Richard Pikner, Ph.D. (Plzeri, Ceska republika)
MUDTr. Petr Kasalicky, CSc. (Praha, Ceské republika) prof. Heinrich Resch, MD (Wien, Rakousko)

prof. Tomaz Kocjan, MD, PhD. (Ljubljana, Slovinsko) MUDr. Sofa Dubecka, PhD. (Bratislava, Slovensko)

doc. MUDr. Martin Kuzma, PhD. (Bratislava, Slovensko) MUDr. Peter Variuga, PhD. (Lubochnia, Slovensko)

prof. PharmDr. Jan Kyselovi¢, CSc. (Bratislava, Slovensko) doc. MUDr. Véclav Vyskogil, Ph.D. (Plzeri, Ceska republika)
prof. Peter Lakatos, MD, PhD. (Budapest, Madarsko) doc. MUDT. Vit Zikan, Ph.D. (Praha, Ceska republika)

prof. Roman S. Lorencz, MD, PhD. (Warszawa, Polsko)
©Facta Medica, s.r.o., Brno 2023

Clinical Osteology, Casopis pro otdzky diagnostiky a Ié¢by metabolickych onemocnéni skeletu | Casopis pre otazky diagnostiky a lie¢by metabolic-
kych ochoreni skeletu.

Casopis Spole&nosti pro metabolickéd onemocnéni skeletu Ceské IékaFské spolecnosti JEP a Spolo&nosti pre osteoporézu a metabolické ochorenia
kosti, 0.z, Slovenskej lekarskej spolo¢nosti.

Casopis Clinical Osteology je kontinualnim pokragovanim €asopisu Osteologicky bulletin vydavaného spolecnosti Trios, s.r.o., pod ISSN 1211-3778
(print) od roku 1996 do roku 2017 | Casopis Clinical Osteology je kontinudlnym pokra¢ovanim ¢asopisu Osteologicky bulletin vyddvaného spoloc-
nostou Trios, s.r.o., pod ISSN 1211-3778 (print) od roku 1996 do roku 2017.

Periodicita: vychazi 4krat rocné | vychadza 4-krat rocne | Registraéni znacka | Registracna znacka MK CR: E 23348 | ISSN 2571-1326 (print) | ISSN
2571-1334 (online) | Vydavatel | Vydavatel: Facta Medica, s.ro., Srbska 2186/19, 612 00 Brno, Ceska republika, ICO 28298110, tel. +420 737 985 593, mail:
fama@fa-ma.cz; www.fa-ma.cz | Vedouci| Vedlci odborny redaktor: prof. MUDr. Juraj Payer, PhD., MPH, FRCP | Séfredaktor: PhDr. Boris Skalka | Zod-
povédny | Zodpovedny redaktor: PhDr. Eliska Skalkova | Grafické a redakéni zpracovani | redakéné spracovanie: Facta Medica, s.r.o. | Publikaéni | Pu-
blikacné jazyky: anglicky | ¢esky | slovensky | Citaéni zkratka | Citacna skratka: Clin Osteol

Toto ¢islo vychazi dne | vychadza dna 28.12. 2023 | Adresa pro korespondenci s redakcf | pre koreSpondenciu s redakciou (rukopisy, objednavky ap):
fama@fa-ma.cz | Facta Medica, s.r.o., Jana Babaka 11, 612 00 Brno, Ceska republika

Casopis je indexovany v:

SCOPUS | Bibliographia medica Cechoslovaca | Bibliographia medica Slovaca | Seznam recenzovanych neimpaktovanych periodik vydavanych
v Ceské republice

Editorial Board

Editor-in-Chief (Editor Board Chairman)

Juraj Payer, MD, PhD, MPH, FRCP, Prof. (Faculty of Medicine, Comenius University Bratislava, Slovakia)

Deputy Editor-in-Chief

Vladimir Palicka, MD, CSc, dr.h.c., Prof. (Faculty of Medicine, Hradec Kralové, Charles University, Czech Republic)
Executive Editorial Board

Zdenko Killinger, MD, PhD, Assoc. Prof. (Faculty of Medicine, Comenius University Bratislava, Slovakia)

Jan Rosa, MD (Affidea Praha Ltd, Prague, Czech Republic)

Members of the Editorial Board

Pavel Horak, MD, CSc, Prof. (Olomouc, Czech Republic) Pavol Masaryk, MD, CSc (Piestany, Slovakia)

Peter Jackuliak, MD, PhD, MPH, Assoc. Prof. (Bratislava, Slovakia) Richard Pikner, MD, PhD (Pilsen, Czech Republic)

Petr Kasalicky, MD, CSc (Prague, Czech Republic) Heinrich Resch, MD, Prof. (Vienna, Austria)

Tomaz Kocjan, MD, PhD, Prof. (Ljubljana, Slovenia) Sona Dubecka, MD, PhD (Bratislava, Slovakia)

Martin Kuzma, MD, PhD, Assoc. Prof. (Bratislava, Slovakia) Peter Vanuga, MD, PhD (Lubochna, Slovakia)

Jan Kyselovi¢, PharmDr, CSc, Prof. (Bratislava, Slovakia) Vaclav Vysko¢il, MD, PhD, Assoc. Prof. (Pilsen, Czech Republic)
Peter Lakatos, MD, PhD, Prof. (Budapest, Hungary) Vit Zikan, MD, PhD., Assoc. Prof. (Prague, Czech Republic)

Roman S. Lorencz, MD, PhD, Prof. (Warszaw, Poland)
©Facta Medica, Ltd, Brno 2023, Czech Republic

Clinical Osteology, a journal focused on issues in diagnosing and treatment of metabolic bone diseases.
Ajournal of the Society of Metabolic Bone Diseases of the Czech Medical Association of J. E. Purkyné, and of the Slovak Society for Osteoporosis and
Metabolic Bone Diseases of the Slovak Medical Association.

The Clinical Osteology journal is a continuation of the Osteological bulletin published by Trios, s.r.o., under ISSN 1211-3778 (print) from 1996 to
2017.

Periodicity: Published four times in a year | Registration mark MK CR: E 23348 | ISSN 2571-1326 (print) | ISSN 2571-1334 (online) | Publisher: Facta
Medica, s.r.o., Srbska 2186/19, Postcode 612 00 Brno, Czech Republic, Reg. no. 28298110, Telephone +420 737 985 593, E-mail: fama@fa-ma.cz;
www.fa-ma.cz | Medical Editor-in-chief: Juraj Payer, MD, PhD, MPH, FRCP, Prof | Editor-in-chief: Dr. Boris Skalka | Responsible editor: Dr. EliSka Skal-
kova | Graphic layout: Facta Medica, Ltd. Abbreviation for citations: Clin Osteol

This issue is published on 28. 12. 2023 | Address for correspondence with journal editors (manuscripts, orders etc.): fama@fa-ma.cz | Facta Medica, s.r.o.,
Jana Babdka 11, 612 00 Brno, Czech Republic

Indexed in: ;
SCOPUS | Bibliographia medica Cechoslovaca | Bibliographia medica Slovaca



Po recentni osteoporotické zlomeniné

RYCHLE NASTARTUJTE
NOVOTVORBU KOSTI
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RAVKEM EVENITY,

abyste zabranili dalsim zlomeninam™

Pro Vase pacientky
s prodélanou
osteoporotickou
zlomeninou
a T-skore £ -2,5 SD*

)

Prokazana superiorita ve snizenirizika vertebralnich, nevertebralnich
zlomenin, zlomenin celkového proximalniho femuru ve srovnani
s alendronatem'?

Vykazuije rychlé a vyrazné zlepseni BMD* oproti alendronatu'?
a teriparatidu® za 12 mésict uzivani.

Inovativni pFipravek s dualnim efektem, zvysuije tvorbu kosti a zarover
snizuje jeji resorpci.!

Pohodlné podani: dvé predplnéné injekeni strikacky, jednou mésicné
po dobu 12 mésici. Po 12 mésicich doporucen prechod na antiresorp¢ni
lé¢bu — napriklad denosumab nebo alendronat’

Pripravek EVENITY" je indikovan k Ié¢bé tézké osteopordzy u postmenopauzalnich Zen s vysokym rizikem zlomenin.

NejcastéjSimi nezadoucimi u€inky jsou nazofaryngitida a artralgie.'

Pripravek EVENITY" je kontraindikovan u pacient( s hypersenzitivitou na Ié&ivou latku nebo na kteroukoli pomocnou latku,

hypokalcémii a infarktem myokardu nebo cévni mozkovou pfihodou v anamnéze.!

* BMD: hustota mineralu v kosti; SD: smérodatna odchylka

Reference: 1. EVENITY Souhrn udajl o pFipravku, srpen 2023. 2. Saag KG, et al. N Engl J Med 2017;377:1417-1427. 3. Langdahl BL,

¢

EVENITY"

(romosozumabum) injekce

et al. Lancet; 2017;390:1585-1594. 4. Cosman F, et al. Osteoporos Int (2022). https://doi.org/10.1007/s00198-021-06174-0.

Zkracena informace o pfipravku EVENITY

'V Tento lécivy pripravek podléha dalSimu sledovani. To umozni rychlé ziskani novych informaci
o bezpeénosti. Zadame zdravotnické pracovniky, aby hiasili jakakoli podezteni na nezadouci
ucinky.

Nazev pripravku: EVENITY 105 mg injekéni roztok v predplnéné injekéni stiikacce. Kvalita-
tivni a kvantitativni slozeni: Jedna predplnéna injekéni stfikacka obsahuje romosozumabum
105 mg v 1,17 ml roztoku (90 mg/ml). Lékova forma: Injekéni roztok (injekce). Terapeutické
indikace: Pfipravek EVENITY je indikovan k |é¢bé tézké osteopordzy u postmenopauzalnich
Zen s vysokym rizikem zlomenin. Davkovani a zpusob podani: Doporuena davka rom
zumabu je 210 mg (podavana ve formé dvou subkutannich injekci po 105 mg) jednou mé:

po dobu 12 mésicu. Pacientkdm ma byt pfed a béhem Iécby adekvatné dopliiovan vapnik a
vitamin D. Pacientky vzdy obdrzi pfibalovou informaci a Vystrainou kartu pacientky. Po ukon-
&eni lécby romosozumabem se doporucuje prechod na antiresorpéni lécbu, aby se prodlouzn
pfinos dosazeny romosozumabem i 12 mésicich. K podani davky 210 mg se pouziji 2 sub-
kutanni injekce romosozumabu, které se podavaji do oblasti bficha, stehna nebo horni ¢asti
paze. Druha injekce se podava okamzité po prvni, ale do jiného mista. Aplikaci mé provadét
osoba, ktera byla vySkolena v injekénich technikach. Kontraindikace: Hypersenzitivita na lé-
Civou latku nebo na kteroukoliv pomocnou latku. Hypokalcémie. Infarkt myokardu nebo cévni
mozkova piihoda v anamnéze. Zvlastni upozornéni a opatreni pro pouzif farkt myokardu
a _cévni_ mozkové piihoda: V udajich z randomizovanych kontrolovanych studii byl pozorovan
vy$8i vyskyt zavaznych kardiovaskularnich prlhod (|nfarkt myokardu a cévni mozkova pfihoda)
u pacientek lééenych romosozumabem ve srovnani s kontrolnimi skupinami. Pfi rozhodovani,
zda pouzit romosozumab u konkrétni pacientky, se ma zvazit riziko zlomenin pro nadchaze
rok a riziko kardiovaskularni prihody u této pacientky na zakladé rizikovych faktor (napf: te-
né kardiovaskularni onemocnéni, hypertenze, hyperlipidemie, diabetes mellitus, koufeni, téZka
porucha funkce ledvin, vék). Romosozumab se méa pouzit pouze v pfipadé, Ze pfedepisujici
lékar a pacientka souhlasi
infarktu myokardu nebo cévni mozkové pfihodé, je nutné IéEbu romosozumabem ukongit. Hy-
pokalcémi pacientek lé€enych romosozumabem byla pozorovana pfechodna hypokalcémie.
Hypokalcémie musi byt korigovana pied zahajenim IéEby romosozumabem a pacientky je tfeba
sledovat pro pfipadny vyskyt znamek a pfiznaki hypokalcémie. Pokud se u pacientek objevi
suspektni pfiznaky hypokalcémie béhem Iécby, je tfeba méfit hladiny vapniku. Pacientkam ma
byt adekvatné dopliiovan vapnik a vitamin D. Hypersenzitivita: V klinickych studiich ve skupiné
s romosozumabem se vyskytly klinicky vyznamné hypersenzitivni reakce, véetné angioedému,
multiformniho erytému a urtikarie. Pokud dojde k anafylaktické nebo jiné klinicky vyznamné aler-
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gické reakci, musi byt zahajena vhodna lé¢ba a ukonéeno podavani romosozumabu. Osteone-
kréza Celisti (ONJ): ONJ byla vzéacné hlaSena u pacientek lé¢enych romosozumabem. VSem
i 2 4 by 0, aby udrzovaly dobrou hygienu Ustni dutiny, chodily pravidelné
hlasily jakékoliv Ustni pfiznaky, jako je pohyblivost zubl, bolest,
otok nebo nehojici se viedy ¢i vytok behem IéEby romosozumabem. Atypické zlomeniny femuru:
U pacientek Ié¢enych romosozumabem byla vzacné hlasena atypicka zlomenina diafyzy femu-
ru spojena s malym traumatem (tzv. low-energy trauma fracture), ktera se muze vyskytnout i
spontanné. U kazdé pacientky, ktera se dostavi s novymi nebo neobvyklymi bolestmi stehna,
kycle nebo tfisla, ma byt podezieni na atypickou zlomeninu a pacientka ma vySetfena, aby
se vyloucila nedplna zlomenina femuru. Interakce s jinymi lé¢ivymi pfipravky: S romosozu-
mabem nebyly provedeny Zadné studie interakci. Téhotenstvi, kOjenI a fertilita: Romosozumab
neni indikovan k pouZiti u Zen ve fertilnim véku a t&hotnych Zen. Udaje o podavanl téhotnym
Zzenam nejsou k dispozici. Romosozumab neni indikovan k pouziti u kojicich Zen. Informace o
vyluéovani romosozumabu do matefského mléka nejsou znamy. Nejsou k dispozici zadna data o
ucincich romosozumabu na fertilitu u Clovéka. Nezadouci ucinky: Nejcastéjsi nezadouci ucinky
byly nazofaryngitida (13,6 %) a artralgie (12,4 %). Reakce souvisejici s hypersenzitivitou se
vyskytly u 6,7 % pacientek lé¢enych romosozumabem. Hypokalcémie byla hlaSena méné casto
(u 0,4 % pacientek lé¢enych romosozumabem). V randomizovanych kontrolovanych studiich
bylo pozorovano zvyseni vzniku zavaznych kardiovaskularnich pFihod (infarkt myokardu a cévni
mozkova pfihoda) u pacientek lé¢enych romosozumabem v porovnam s kontrolnimi skupinami.
Inkompatlb ity: Studie kompatibility nejsou k dispozici, a proto nesmi byt tento lécivy pfipravek
ymi pripravky. Zvlastni opatieni pro uchovavani: Uchovavejte v chladnic¢ce
(2-8 °C), chraiite pfed mrazem a svétlem, s pripravkem netiepejte. Pfed podanim nechte roztok
ohrat na pokojovou teplotu. Po vyjmuti z chladni¢ky se pfipravek EVENITY nesmi do chladnicky
vratit, ale mtze byt uchovavan v plvodnim obalu pfi pokojové teploté (do 25 °C) po dobu az 30
. Neni-li pouzit do této doby, pfipravek musi byt zlikvidovan. Drzitel rozhodnuti o registra-
ci: UCB Pharma S.A., Allée de la Recherche 60, B-1070 Bruxelles, Belgie. Registracni ¢islo:
EU/1/19/1411/003
Datum revize textu: 7. srpna 2023
Pred predepsanim pfipravku, se prosim seznamte s iplnym znénim Souhrnu Gdajt o pfipravku.
Vydej lécivého pripravku je vazan na lékarsky predpis. Pripravek je hrazen z prostredku vefej-
ného zdravotniho pojisténi.
SC-CZ-AMG785-00022
URCENO PRO ODBORNOU VEREJNOST.

Amgen s.r.
Klimentska 46, 11002 Praha 1
+420 221 773 500, www.amgen.cz

AMGEN

Tel.:




