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BIOAKTIVNiI KOLAGENNI PEPTIDY REGENERUJI

Kolagen je nezbytny pro pohyblivost kloubii, stabilitu
kosti, odolnost a pevnost vazt a §lach a také pro zdravé
svaly a hojné se vyskytuje i v cévach, meziobratlovych

ploténkach, hematoencefalické bariéie a

dentinu a stievni sténé - kolagen je zivotné dulezita

slozka celého téla.

Kolagenni peptidy zvysuji syntézu
kloubniho kolagenu a proteoglykanii

Nejen sportovci jsou ve zvy3ené mife nachylni ke kloubnim
problémim a Iécba se u nich nijak nelisi od jejiho zvladani
u bézné populace. Hlavnim cilem je minimalizovat bolestivost
a zlepsit funkcnost kloubd. Klinicka studie provedena v Penn
State University testovala Ucinek kolagennich peptidi na
studenty sportovnich Skol, ktefi trpéli kloubnimi problémy
v disledku mechanické zitéZe. V porovnani s kontrolni
skupinou doslo u studentd, ktefi uzivali kolagenni peptidy,
k vyraznému sniZeni kloubnich potiZi a také ke zlepSeni
pohyblivesti. Tyto pozitivni Gcinky byly patmé zejména
u Ucastnikd s problémy kolennich kloubl pochazejicich
z mechanické zatéze. (Clark K. , Sebastianelli W., Flechsenhar
K., Aukermann D., Meza F,, Millard R,, Deitch J., Sherbondy P,
Affiliations A., 24-Week study on the use of collagen hydrolysate
as a dietary supplement in athletes with activity-related joint
pain, Curr Med Res Opin, 2008 May;24(5):1485-96)

Vyznamny je i vliv kolagennich peptidu
na hustotu kosti, zejména u osob

s osteoporodzou i osteopenii, potvrzeno
uz v roce 2010 pilotni studii s dopliikem
stravy Calcidrink®.

V této studii se fesil ,Vliv suplementace kolagennimi peptidy,
vépnikem a vitaminem D, resp. Calcidrinkem® na dbytek
kostni hmoty a remodelaci kosti u postmenopauzalnich
7en s osteopenii“ (Ortopedie 2010, Gabriela Simkovd,
Revmatologickd ambulance 1. PP Kladno). Vysledky byly velmi
nadéjné. U Zadné pacientky se nevyskytly béhem sledovaného
obdobi jednoho roku Zddné nové nizkozatézové zlomeniny.
Cilem bylo prokézat dcinek pravidelného uzivéni pfipravku
Calcidrink (vitamin D, kalcium a kolagenni peptidy) na snizeni
Ubytku kostni hmoty u postmenopauzalnich Zen s osteopenii.
Vysledky studie tento efekt potvrdily.

rohovce,

KOLAGENNi
PEPTIDY

v denni ddvce
3000 - 10000 mg jsou
jedinou formou kolagenu
s védecky prokézanou
biologickou aktivitou
stimulujici bunky chrupavek,
kostia pojivovych
tkani.

Dopliky stravy Geladrink® a Calcidrink®
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peptida Gelita®
Kolagenni peptidy Gelita® jsou obsazeny ve fyziologicky tcinné
ddvce v origindInich produktech ceské firmy Orling, s vyuZitim
vSech novych poznatkd ohledné jejich piisobeni.

Prof. MUDr. Milan Adam, DrSc. byl prvni, kdo objevil obrovsky
potencial kolagennich peptidd a v pribéhu let jej dalsi védci
a lékafi opakované prokdzali

a jesté rozsiili oblasti pouZiti,
pro které jsou kolagenni
peptidy vhodné.

Prof. MUDr. Milan Adam, DrSc. Dr.h.c. l
Cesky revmatolog, zakladatel kloubni vyZivy Geladrink®
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- PRO LEPSi KVALITU ZIVOTA
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LOCOMOTOR SYSTEM

Advances in Research, Diagnostics and Therapy

Published by The Society for Connective Tissues, Czech Medical Association of J. E. Purkyné, Prague,
Society for Prosthetics and Orthotics, Czech Medical Association of J. E. Purkyné, Prague, Czech Republic
and Centre for Defects of Locomotor Apparatus Prague, Czech Republic.

Call for papers
Support this journal by sending in your best and most interesting papers. The issue of the journal is
published during whole year after proof acceptation of the reviewers. In occasion of the symposia
(twice a year) is published the supplement.
Chief Editor:  Ivo Mafik
Associate Editors:  Miroslav Petrtyl, Martin Braun

Scientific Secretary:  Stépan Kutilek
Responsible Editor:  Pavel Lorenc

Editorial board

Romuald Bedzinski Hana Hulejova Josef Kraus Ivan Mazura Vaclav Smrcka
Michael Bellemore Josef Hyanek Petr Krawczyk Radek Myslivec Jifi Straus
Pavel Cerny Jacek Karski Martin Krbec Pavel Novosad Ivan Vareka
Mikhail Dudin Tomasz Karski Veronika Krulisova Iveta Pallova Jan Vieticka
Jifi Funda Milan Kokavec Piet van Loon Ctibor Povysil Daniela Zemkova
Radwan Hilmi Petr Korbelar Franti$ek Marsik Petr Sedlak

Submitted papers: Locomotor System will review for publication manuscripts engaged in diagnos-
tics and interdisciplinary treatment of genetic and metabolic skeletal disorders, limb anomalies,
secondary osteoporosis, osteo/spondyloarthritis and another disorders that negatively influence
development and quality of locomotor apparatus during human life. Both papers on progress
in research of connective tissue diagnostics, medical and surgical therapy of multiple congenital
abnormalities of skeleton mainly in the fields of paediatric orthopaedic surgery and plastic surgery,
orthotics and prosthetics treatment, and papers dealing with biomechanics, clinical anthropology
and paleopathology are appreciated.

The journal has an interdisciplinary character which gives possibilities for complex approach to the
problems of locomotor system. The journal belongs to clinical, preclinical and theoretical medical
branches which connect various up-to-date results and discoveries concerned with locomotor system.
You can find the volumes of Locomotor System journal at http://www.pojivo.cz/cz/pohybove-ustroji/
since 1997 (free of charge). Since 2013 only electronic edition of the journal is available. That is why we
recommend to all subscribers and those interested apply at http://www.pojivo.cz/en/newsletter, enter
personal data, titles and e-mail address where the journal will be mailed.

Abstracts of presented papers are excerpted in EMBASE/Excerpta Medica (from the year 1994) and
in the Bibliographia medica Cechoslovaca (from the year 2010). We prefer the manuscripts to be
prepared according to Uniform Requirements for Manuscripts Submitted to Biomedical Journals
(Vancouver Declaration, Brit med J 1988; 296, p. 401-405).
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Vénovani ¢isla 1 a 2 ¢asopisu Pohybové ustroji, 31, 2024

31. ro¢nik ¢asopisu Pohybové Ustroji — pokroky ve vyzkumu, diagnostice a terapii (PU), 2024
je vénovan jubilantim, kterym byl udélen Diplom Cestné &lenstvi ve Spole¢nosti pro pojivové
tkané Ceské lékarské spole¢nosti J.E. Purkyné (CLS JEP

MUDr. Alené Mafrikové (60 let)
prof. PhDr. Ing. Janovi Roytovi, Ph.D., DrSc. (69 let)
Professor Ali Abdul Salam Awni Al-Kaissi, MD, MSc, DSc
Prof. MUDr. Milanovi Mackovi Jr., DrSc, M.H.A.

a jubilantaim, kterym byl udélen Diplom Cestné ¢lenstvi
v Ortopedicko-protetické spole¢nosti CLS JEP:

doc. MUDr Petrovi Korbelaiovi, CSc. (75 let),
MUDr. Ivanovi Hadrabovi (65 let)

a jubilantdim, kterym byl udélen Diplom Cestné ¢lenstvi
v Ceské lékafské spole¢nosti J.E. Purkyné:

Associate Professor Michael Bellemore, MD, A.M.F.R.A.C.S. (71 let)
Professor Dr. Med. Hans Zwipp (75 let)
Piet van Loon, MD (70 let)

Odborné Zivotopisy jmenovanych jubilantl byly publikovany v Suplementu 1 a Suplementu 2
casopisu Pohybové ustroji 31, 2024, ktera byla vydana pfi prilezitosti symposia 29. Kubatovy dny
a The 26t Prague-Lublin Symposium. Suplementum 1 a 2 s abstrakty pfispévk( a video zaznamy

predndasek jsou dostupné na webovych strankdch obou symposium organizujicich spole¢nosti

WWW.pOjivo.cz a www.ortoprotetika.cz.
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Dedication of issue 1 and 2 of the journal Locomotor System, 31, 2024

The 31t issue of the journal Locomotor System - Advances in Research, Diagnosis and Therapy
(LS), 2024 is dedicated to the jubilarians who have been awarded the Diploma of Honorary
Membership in the Society for Connective Tissues of the Czech Medical Association: J.E. Purkynje

MUDry. Alena Makikova (60 years),
Professor PhDr. Ing. Jan Royt, Ph.D., DrSc. (69 years),
Professor Ali Abdul Salam Awni Al-Kaissi, MD, MSc, DSc
Professor Milan Macek Jr. MD, DSc, M.H.A.

and jubilarians who were awarded the Diploma of Honorary Membership in the Orthopaedic and
Prosthetic Society of the Czech Medical Association: J.E. Purkynje:

doc. MUDr Petr Korbelaf, CSc. (75 years),
MUDr. Ivan Hadrab (65 years)

and jubilarians who were awarded the Diploma of Honorary Membership in the Czech Medical
Association of J.E. Purkynje:

Associate Professor Michael Bellemore, MD, A.M.F.R.A.C.S. (71 years),
Professor Dr. Med. Hans Zwipp (75 years),
Piet van Loon, MD (70 years)

The professional biographies of the named jubilarians were published in Supplement 1 and
Supplement 2 of the journal Locomotor System 31, 2024, which was published on the occasi-
on of the 29t Kubat Days and The 26t Prague-Lublin Symposium. Supplement 1 and 2 with
abstracts of the papers and video recordings of the lectures are available on the websites of both
symposium organizing companies www.pojivo.cz and www.ortoprotetika.cz
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SLOVO CTENARUM

Vazeni ctenafi, autofi a inzerenti!
Dékujeme za Vasi nezastupitelnou pomoc pfi tvorbé mezioborového odborného recenzovaného

&asopisu ,Pohybové Ustroji — pokroky ve vyzkumu, diagnostice a terapii (dale PU).”

Vsechna cisla ¢asopisu (véetné Supplement) vydana od roku 1997 najdete ve formatu PDF na
webové doméné Spole¢nosti pro pojivové tkané CLS JEP z.s.
http://www.pojivo.cz/cz/pohybove-ustroji/ (bezplatny pfistup).

Casopis PU byl v roce 2008 zafazen Radou pro vyzkum, vyvoj a inovace vlady CR na Seznam
recenzovanych neimpaktovanych periodik vydavanych v Ceské republice. Od roku 2013 je ¢aso-
pis PU vydavan pouze v elektronické formé (v roce 2014 bylo pfidéleno nové ISSN 2336-4777).
V souvislosti se zménou v elektronickou formu vydavani v roce 2013 ¢asopis nedopatienim
vypadl z tohoto Seznamu. Od roku 2015 je elektronickd forma Pohybového Ustroji opét na
Seznamu recenzovanych neimpaktovanych periodik.

0d roku 2016 vydavame v casopisu PU pfispévky pfijaté po recenzi jako ¢islo 1 a 2, dale dvé
Suplementa obsahujici souhrny nebo abstrakta ze symposii Kubatovy dny a mezindrodniho symposia.

Nedostatek pfispévk( je pfi¢inou zpozdé&ného vydani i tohoto &isla 1 ¢asopisu PU, 31, 2024. Ctenaf
zde ma prileZitost se poucit z nasledujicich odbornych sdéleni:

Obrdzek na titulni strané predstavuje scintigrafii skeletu pomoci techneciem znacenych fosfatovych
komplext, kterd verifikuje prestavbové zmény ve skeletu mladé zeny s genochondromatézou,
typ 2. Tato raritni AD dédi¢na nosologickd jednotka je zafazena podle Nosologie genetickych
kostnich nemoci z roku 2023 ve 30. skupiné dédi¢nych chorob nazvané ,Dezorganizovany vyvoj
komponent skeletu a je predmétem kazuistického sdéleni (Marik I. et al)

Dopis editorovi, publikovany jako esej, je vénovan Adolescentni idiopatické skolidze, jejimz auto-
rem je profesor Mihail G. Dudin, MD, PhD, DMedSc. (St. Petersburg, Rusko), ktery v¢asné diagnostice,
etipatogenezi a konzervativnimu lé¢eni vénoval celou svoji profesni kariéru.

SPOLECNOST
PRO
POJIVOVE

©

ODBORNA SPOLECNOST
ORTOPEDICKO-PROTETICKA
GLS J.E. PURKYNE
PRAHA CESKA REPUBLIKA

TKANE
CLS J.EPurkyns

PRAHA « CESKA REPUBLIKA

AMBULANTNI CENTRUM

pro vady pohybového aparatu sro.
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Prehledovd prdce Neurofibromatéza typu 1: komplexni multisystémové onemocnéni z pohledu
klinického genetika (KruliSsovd V. et al.) se zabyva viemi aspekty genetiky NF1, hlavné molekular-
né - genetickou diagnostikou.

Publikace Hoi¢ikové vstiebatelné implantaty nejen pro fixaci kosti: moznosti alimitace
(Lunackova J., Tesaf K.), vénovand perspektivnim biomateridlim na bazi Mg, objektivné popisuje
jak vyhody, tak nevyhody téchto material( pro jejich vyuziti v riznych biomedicinskych aplikacich;
prace je dolozena fadou odkazll na pfedchozi studie a publikace vénované tomuto tématu i vystiz-
né zpracovanymi obrazky a tabulkami.

Prehledovd prdce s kazuistikou Komplexni lé¢ba hypofosfatemické kfivice: stru¢ny prehled
a kazuistika (Marik | et al.) seznamuje ¢tendre se soucasnymi vysledky léceni déti i dospélych
rekombinantni lidskou monoklondini protildtka (IgG1) burosumb, kterd inhibuje aktivitu fibroblasto-
vého rlstového faktoru 23 (FGF23) a zvysuje tubularni reabsorpci fosfatu v ledvinach, ¢imz zvysuje
sérova koncentrace 1,25-dihydroxy-vitaminu D. Na pfipadé pacientky s hypofosfatemickou kfivici
(diagndza byla verifikovdna molekuldrné genetickym vysetfenim) demonstruji jednak vysledek
konvenc¢niho lé¢eni (vitamin D3 a fosfor), ortotického a ortopedického béhem rlistového obdobi
a jednak prechodnou kompenzaci hypofosfatémie vlivem 6mési¢niho podavani léku burosumab
(Crysvita), ktera se projevila ptiznivym hojenim korekéni osteotomie tibie po operaci provedené ve
véku 25 let.

Recenzni posudek na knizni novinku: Smrcka Vaclav, Musilovd Zderika: Tisic let nemoci a valek
zkostnic Cech a Moravy, GRADA Publishing, a.s., 2024 (Zemkové D.): autofi ukazuji kostnice jako
nedocenény zdroj informaci o zivoté nasich predkd. Na podkladé vlastniho vyzkumu ceskych
kostnic (s vyuzitim analyzy datovani 14C depozit) rozvijeji pfibéh umirani i zivota nasich predki
v poslednich tisici letech. Autofi svou knihou presvéd¢i ¢tendre, Ze kostnice by mély byt uzndny jako
ndrodni poklad, mélo by se k nim pfistupovat s Uctou a peclivé je chranit.

Poslanim ¢asopisu PU je, jako v minulych letech, uvefejhiovat védecké prace zabyvajici se dia-
gnostikou a mezioborovym lé¢enim genetickych kostnich chorob, vrozenych defektl koncetin,
sekundarni osteoporézy, osteo/spondylartrézy, ale i jinych chorob, které ve svych dlsledcich
negativné ovlivniuji rdst, vyvoj a kvalitu pohybového Ustroji v prabéhu lidského zivota. Cenény jsou
prace vychdzejici z vyzkumu pojivovych tkani na véech drovnich poznani, prace orientované na
biochemickou, morfologickou, genetickou a molekularni diagnostiku chorob pohybového ustroji.
Zvlastni pozornost je prikladana pracim z oblasti ortopedické a antropologické biomechaniky,
neuroadaptacnim zménam skeletu v obdobi rlstu, fizené remodelaci pojivovych tkéni, studiim
muskuloskeletalnich a neurondlnich interakci v zavislosti na [é¢ebnych metodach (kalciotropni léky,
rehabilitace, ortoticko-protetické a operaéni lé¢eni aj.) a v neposledni fadé studiim antropologickym
a paleopatologickym. Ocenujeme predevsim interdisciplindrné zamérené prace. V anglickém jazyce
jsou publikovéna sdéleni zahrani¢nich i nasich autort. Zédanym doplnénim obsahu ¢asopisu jsou
zprévy ze sjezdil a konferenci. Zvefejiiujeme oznameni o Zivotnim vyroéi €lend RR asopisu, SPT CLS
JEP z.s., OPS CLS JEP z.s. a vyznamnych osobnosti, sdéleni o prioritnich pozorovanich, ze studijnich
a poznavacich cest aj.
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V kazdém rocniku najdete smérnice pro autory pfispévkd, kterym vénujte prosim pozornost
pfi tvorbé Vasich védeckych sdéleni. Souhrny praci publikovanych v ¢asopisu jsou excerpovény
v EMBASE / Excerpta Medica (od r. 1994) a v Bibliographia medica Cechoslovaca (od r. 2010).

K prosazeni ¢asopisu Pohybové Ustroji mezinarodné pfispiva citovat prace publikované v nasem
casopisu v prispévcich posilanych do zahrani¢nich impaktovanych ¢asopis(. Pro zvyseni mezina-
rodniho zajmu o &asopis PU je Zzddouci ziskavat pGvodni kvalitni prace a kazuistiky v angli¢ting.
Souhrny viech praci doporuc¢ujeme psét co nejvystiznéji, strukturované, ¢esky a anglicky (objecti-
ves, methods, results and discussion), s kli¢covymi slovy.

Tésime se na Vasi spolupraci a tvirci pfipominky v roce 2024.

Redakéni rada
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A WORD TO READERS

Dear readers, authors and advertisers!

Thank you for your indispensable help in the creation of the interdisciplinary peer-reviewed jour-
nal Locomotor System — Advances in Research, Diagnosis and Therapy (journal LS).

All issues of the journal (including the Supplement) published since 1997 can be found in PDF
format on the web domain of the Society for Connective Tissues of the Czech Medical Association
J.E. Purkynje http://www.pojivo.cz/cz/pohybove-ustroji/ (free access).

In 2008, the journal was included by the Council for Research, Development and Innovation of the
Government of the Czech Republic in the List of peer-reviewed non-impacted periodicals published
in the Czech Republic. Since 2013, the journal has been published only in electronic form (in 2014,
anew ISSN 2336-4777 was assigned). In connection with the change to electronic publication in
2013, the journal inadvertently dropped from this List. Since 2015, the electronic form of the journal
Locomotor System is again on the List of peer-reviewed non-impacted journals.

Since 2016, we have been publishing papers accepted after peer review as Issues 1 and 2, as well as
two Supplements containing summaries or abstracts from the Kubat Days and International Symposia.

Lack of submissions is the reason for the delay in the publication of this issue 1 of the journal PU,
31, 2024.

Here the reader has the opportunity to learn from the following expert communications:

The cover image shows skeletal scintigraphy using technetium-labeled phosphate complexes to
verify skeletal remodeling in a young woman with genochondromatosis type 2. This rare AD
hereditary nosological entity is classified according to the Nosology of Genetic Bone Diseases 2023
in the 30t group of hereditary diseases called "Disorganized development of skeletal components
and is the subject of a case report (Mafik I. et al.)

The letter to the editor, published as an essay, is dedicated to Adolescent Idiopathic Scoliosis,
the author of which is Professor Mihail G. Dudin, MD, PhD, DMedSc. (St. Petersburg, Russia), who
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has devoted his entire professional career to early diagnosis, etiopathogenesis and conservative
treatment.

The review paper Neurofibromatosis type 1: a complex multisystem disease from the perspec-
tive of clinical geneticist (KruliSova V. et al.) deals with all aspects of NF1 genetics, especially mole-
cular genetic diagnostics.

The publication Magnesium Absorbable Implants Not Only for Bone Fixation: Possibilities
and Limitations (Lunackova J., Tesar K.), devoted to promising Mg-based biomaterials, objectively
describes both advantages and disadvantages of these materials for their use in various biomedical
applications; the work is supported by a number of references to previous studies and publications
devoted to this topic, as well as concisely prepared figures and tables.

Review paper with case report Comprehensive treatment of hypophosphatemic rickets: a brief
review and case report (Mafik | et al. ) introduces the reader to the current results of treating
children and adults with recombinant human monoclonal antibody (IgG1) burosumb, which inhi-
bits fibroblast growth factor 23 (FGF23) activity and increases tubular reabsorption of phosphate
in the kidney, thereby increasing serum 1,25-dihydroxy-vitamin D concentrations. In the case of
a patient with hypophosphatemic rickets (diagnosis was verified by molecular genetic testing), we
demonstrate both the outcome of conventional treatment (vitamin D3 and phosphorus), orthotic
and orthopedic treatment during the growth period, and the transient compensation of calcium-
-phosphate metabolism due to the 6-month administration of burosumab (Crysvita), which resulted
in favorable healing of a corrective osteotomy of the tibia after surgery performed at the age of
25 years.

Book review: Smrcka Vaclav, Musilova Zderika: A Thousand Years of Diseases and Wars from the
Ossuaries of Bohemia and Moravia, GRADA Publishing, a.s., 2024 (Zemkova D.): the authors show
the ossuaries as an underestimated source of information about the life of our ancestors. On the
basis of their own research of Czech ossuaries (using the analysis of dating of 14C deposits) they
develop the story of dying and life of our ancestors in the last thousand years. Through their book,
the authors convince the reader that ossuaries should be recognized as national treasures, treated
with respect and carefully protected.

The mission of the journal is to publish scientific papers dealing with the diagnosis and interdiscipli-
nary treatment of genetic bone diseases, congenital defects of the limbs, secondary osteoporosis,
osteo/spondylarthritis, as well as other diseases that adversely affect the growth, development
and quality of the musculoskeletal system during human life. Works based on research on connec-
tive tissues at all levels of knowledge, works oriented on biochemical, morphological, genetic and
molecular diagnostics of musculoskeletal diseases are valued.

Particular attention is paid to works in the field of orthopaedic and anthropological biomechan-
ics, neuroadaptive changes of the skeleton during the growth period, controlled remodelling of
connective tissues, studies of musculoskeletal and neuronal interactions in relation to therapeutic
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methods (calciotropic drugs, rehabilitation, orthotic-prosthetic and surgical treatment) and, last
but not least, anthropological and palaeopathological communications. We particularly appreci-
ate the interdisciplinary work. Communications by foreign and national authors are published in
English. Reports from congresses and conferences are a welcome addition to the content of the
journal. In the news section, we publish announcements of life anniversaries of members of the
editorial board of the journal, Society for Connective Tissues CMA JEP & Society for Prosthetics and
Orthotics CMA JEP and important personalities, announcements of priority observations, study
and discovery trips, etc.

In each edition, you will find guidelines for authors of papers, which please pay attention to
when drafting your scientific communications. Summaries of papers published in the journal are
excerpted in EMBASE / Excerpta Medica (since 1994) and in Bibliographia medica Cechoslovaca
(since 2010).

The citation of papers published in our journal in papers sent to foreign impacted journals con-
tributes to the promotion of the journal Locomotor System internationally. In order to increase
the international interest in the journal of Locomotor System, it is desirable to obtain original high
quality papers and case reports in English. Abstracts of all papers are recommended to be written
as concisely as possible, structured, in Czech and English (objectives, methods, results and discus-
sion), with key words.

We look forward to your cooperation and creative comments in 2024.

Editorial Board
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OBRAZEK NA TITULNi STRANE CASOPISU:
SCINTIGRAFIE SKELETU POMOCI TECHNECIEM
ZNACENYCH FOSFATOVYCH KOMPLEXU
(OSTEOTROPNI RADIOAKTIVNI LATKA)

OBRAZEK NA TITULNI STRANE CASOPISU znazorfuje scintigrafii skeletu pacientky s raritni diagné-
zou genochondromatdza, typ 2 pomoci techneciem znacenych fosfatovych komplexd, nejcastéji
difosfonétd (99mTc -HDP). Pomoci osteotropniho radiofarmaka Ize scintigraficky zobrazit distribuci
intenzity kostniho metabolizmu. V oblasti patologickych kostnich loZisek s pfestavbou kostni tkané
dochazi ke zvyseni aktivity osteoblastd, ktera vede k zvysené produkci krystald hydroxyapatitd.
Ty jsou substratem, na jejichz povrchu se pevné vazi znacené fosfatové komplexy, a to bud' pfimo
v patologickém lozisku nebo v reaktivni z6né kolem patologického loziska. Oboji se scintigraficky
zobrazi se zvysenou akumulaci osteotropniho radiofarmaka (RF).

Jednd se o radionuklidové vysetieni, pfi kterém v ¢asovém odstupu 2 hodin po nitrozilnim podani
radiofarmaka je pacient sniman scintila¢ni kamerou celotélové (obr. 1a, b) a nasledné cilené tomo-

|

a b Obrazek 1a, b. Scintigrafie skeletu.
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graficky na patologické oblasti skeletu pomoci SPECT/low dose CT (jednofotonova emisni pocitaco-
va tomografie/nizkodéavkova CT) (obr. 2a, b, ¢; 3a, b, ¢).

Obrazek 2a, b, c. Scintigrafie hrudniku.

Obrazek 3a, b, c. Scintigrafie panve.

SPECT upresiiuje patologicky nélez zvy3enim kontrastu sledovaného lozZiska, ¢imz zvy3uje senzitivi-
tu vysetieni. Hybridni zobrazeni s CT je indikovano k upfesnéni lokalizace (nizkodavkové) a struktu-
rani morfologie kostni tkané (plnohodnotné).

Pro spravnou interpretaci je nutné znat fyziologickou distribuci osteotropniho RF ve skeletu, podle
véku, podle typu jednotlivych kosti a fyziologického zatézovani. U dospélych osob je fyziologicky
dlouhé kosti. Vzhledem k tomu, Ze RF je vylu¢ovdno mocovym systémem, fyziologicky se zobrazuji
ledviny a mocovy méchyf.

Patologicky proces ve skeletu se nejcastéji projevuje zvysenym hromadénim osteotropniho RF,
které odpovida zvysené osteogenezi (novotvorby (i prestavby kostni tkané), které mize mit lozis-
kovy nebo difuzni charakter.

MUDr. Renata Pichova

Klinika radiologie a nuklearni mediciny

Fakultni nemocnice Krélovské Vinohrady a 3. Lékaiska fakulta UK, Praha
E-mail: renata.pichova@fnkv.cz
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THE FIGURE ON THE TITLE PAGE OF THE JOURNAL:
BONE SCINTIGRAPHY USING TECHNETIUM-LABELED
PHOSPHATE COMPLEXES (OSTEOTROPIC RADIOTRACER)

THE FIGURE ON THE COVER PAGE OF THIS JOURNAL shows scintigraphy of the skeleton of a patient
with the rare diagnosis genochondromatosis type Il using technetium-labeled phosphate complex-
es, most commonly diphosphonates (99mTc -HDP). Using an osteotropic radiotracer, the intensity
distribution of bone metabolism can be displayed scintigraphically. In areas of pathological bone
foci with tissue remodeling, there is an increase in osteoblast activity, leading to increased produc-
tion of hydroxyapatite crystals. These crystals serve as a substrate on whose surface the labeled
phosphate complexes bind tightly, either directly in the pathological deposit or in the reactive zone
around the deposit. Both appear scintigraphically with increased accumulation of the osteotropic
radiotracer (RF).

This is a radionuclide examination where, two hours after intravenous administration of the radiop-

harmaceutical, the patient is imaged with a whole-body scintillation camera (Fig. 1a, b) followed

AT,

Ll

a b Obrazek 1a, b. Scintigraphy of the skeleton.
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by targeted tomography of the pathological areas of the skeleton using SPECT/low dose CT (single-
photon emission computed tomography/low dose CT) (Fig. 2a, b, ¢; 3a, b, c).

Obrazek 3a, b, c. Scintigraphy of the pelvis.

SPECT refines the pathological finding by increasing the contrast of the observed lesion, thus
enhancing the sensitivity of the examination. Hybrid imaging with CT is indicated to refine the
localization (low-dose) and structuring of bone tissue morphology (full-dose).

For correct interpretation, it is necessary to know the physiological distribution of osteotropic RT in
the skeleton, according to age, individual bone type and physiological loading. In adults, the physio-
logical accumulation of RT is higher in the skull, in the axial skeleton, with more intense visualiza-
tion in the joints, and lower intensity in long bones. Since RT is excreted by the urinary system, the
kidneys and bladder are also physiologically imaged.

The pathological process in the skeleton is most often manifested as an increased accumulation of
osteotropic RT, corresponding to increased osteogenesis (new formation or remodeling of bone
tissue), which may have a focal or diffuse character.

Whole-body bone scintigraphy using technetium-labeled diphosphonates, conducted repeatedly
in 2011, 2012, 2015, and 2017, demonstrated stationary pathologically increased bone remodeling
in both humeri, the medial part of both scapulae, the right ala of the iliac bone, the subtrochanteric
region and diaphysis of the left femur, the head of the right fibula, the diaphysis of the left tibia, the
right 8t-10t ribs, and the right forearm.

Renata Pichova, MD

Department of Radiology and Nuclear Medicine

University Hospital Kralovské Vinohrady and Third Faculty of Medicine, Charles University, Prague
E-mail: renata.pichova@fnkv.cz
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DOPIS EDITOROVI | LETTER TO EDITOR

ADOLESCENT IDIOPATHIC SCOLIOSIS (ASSAY?)
ADOLESCENTNI IDIOPATICKA SKOLIOZA (ESEJ)

Michail Dudin
S-Petersburg, Russia

e-mail: mdudin@list.ru

Let me assert that the three-dimensional deformation of a unique unpaired multi-element segment
of the supporting skeleton of a person is the most unsolved form of retribution for the acquisition
of the status of Homo Erectus, which, according to anthropologists, preceded the emergence of
Homo sapiens.

Despite the fact that the first scientific description of “ridge humps” belongs to Hippocrates from
the island of Kos (anc.gr. Inmokpdtng and to vnoi Kwg, 460 — about 370 BC), the name that has sur-
vived to this day is “scoliosis” (from anc.gr. okol 16, “crooked’, “curved”, “twisting”), was invented
by Galen from the city of Pergamon (anc. gr. TaAnvog amé tnv moAn Népyapog, AD 129 - about 216),
an outstanding physician of the beginning of our era, who treated emperors and gladiators, and
who became one of the authors of usage of Latin in medicine ((V. Smréka. Claudius Galen - sur-
geon of gladiators. Locomotor System, 22, 2015, 3-4 Suplement, p. 35)). Today it is difficult to find
a person who has not heard the word “scoliosis”, realizing that behind it there is a “lateral curva-
ture of the spinal column.” However, in the last couple of centuries, after research done by the
English doctors Dodds from the city of Bath (1824) and W. Adams (1882), as well as the German
orthopedist F. Staffel (Staffel F. Die menschlichen Haltungstypen und ihre Beziehungen zu den
Ruckgratverkrummungen. J. F. Bergman, Wiesbaden,1889), “scoliosis” is already called a three-plane
(3D) deformity of the most important segment of a skeleton.

But, despite this expansion of the content of the term “scoliosis” in practice, the clinical significance
of changes in two other planes - horizontal and sagittal - is often missed. In relation to these, it is
only stated: “AlS with flat back” or “AlS with round back’, as well as “AlS with convex side rotation” or
“AlS with concave side rotation”.

2.5 thousand years have passed since ancient times, but despite all the efforts of the “heirs” of the
Great Greek, scoliosis is still full of mysteries and paradoxes, which became the reason for writing
this ESSAY.

1 The ESSAY is the feature article that treats some problems not in a systematic scientific form, but in a free form (Ex-
planatory dictionary of foreign words). The term ESSAY was used in English literature Francis Bacon (1561-1626),
one of the first major philosophers of the Late Renaissance, however, the author of the term should be considered a
contempo-rary of F. Bacon, French philosopher and writer Michel Eyquem de Montaigne (1533-1592), author of the
book Les Es-sais (1580).
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The first such motive lies in the next “etiological” classification proposed at the end of the twentieth
century (1994). Its author, the living John Errol Lonstein (b. 1941), cites more than fifty reasons for
what he considers to be “independent”types of scoliosis. However, the respected professor does not
answer the question: “why, given so many reasons, does the same result develop — only a monoform
three-dimensional deformation?” Moreover, among them, in almost 90% of cases, unambiguous
causes of scoliosis cannot be established. For a long time they were called “habitual’, but at the
beginning of the 20th century it was proposed to give them the name “idiopathic’, which we first
encountered in the work of the German doctor M. Bohm in 1906 (A. Eulenburg, 1840-1917).

To complete the information, it should be noted that scoliosis also occurs in nature. But in quadru-
peds they are either “congenital” or develop as a result of a parasitic (lat. nematode parelaphostron-
gylus tenuis) or some other lesion of the spinal cord. Veterinarians know the source of such scolioses
in horses and alpacas in South America.

But “unreasonable” scoliosis-like multiplanar deformities of the spine have so far been described
only in fish.

Outstanding orthopedists from all over the world took part in the study of a large group of these
“causeless” scolioses. And at every stage of the development of medical science, explanations and
treatment recipes were regularly found for these scolioses. But, despite all efforts, this lesion, known
since ancient times, begins against the background of complete health in a growing child, due to
its progressive development continues to cripple bodies and destinies. “Scoliosis is the old cross of
orthopedics”, this is how the German orthopedic surgeon Konrad Alexander Theodor Biesalski
(1868-1930) assessed it, and the Czech professor Eduard Albert (1841-1900) spoke about surgical
correction of the deformity, which is commonly called “treatment’, one of the founders of orthope-
dic surgery, said: “Scoliosis is a shameful part of surgery’.

The frequency of all types of scoliosis in children and adolescents, which, according to numerous
studies, ranges from 1% to 30%, makes them one of the most common disorders of the musculo-
skeletal system. At the same time, within individual population or ethnic groups, the number of
sufferers is quite stable and such a 30-fold spread is not observed in them. From our point of view,
this topic is most realistically reflected in the opinion of Weinstein (Weinstein S.L. Adolescent
idiopathic scoliosis: Prevalence and natural history. — In The pediatric Spine: Principle and practice.
Volume 1. Edited by: Weinstein S.L. New York. 1994, p.463-478.), as well as M.A. Asher and D.C.
Burton (2006): ... “the prevalence of scoliosis in the world as a whole is quite homogeneous, and the
observed variance is primarily of methodological origin and, to some extent, population”.

Increased attention to 3D deformation of the spine is determined by its most unpleasant feature —
the probable, already mentioned, progressive course. We consider it correct to use the word “prob-
able’, since among all patients with scoliosis the ratio between the number of progressive, slowly
progressive and non-progressive cases, according to our expert assessment, corresponds to 1: 2: 3.
This fairly generalized assessment coincides with the opinion that the number of patients requiring
active supervision activities is estimated at 15-25%, and for those hospitalized for surgical correc-
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tion — at 0.2-0.3%. In other words, up to 30 people out of every 100 people need specialized inten-
sive conservative treatment of clearly progressive scoliosis, and 1-3 children out of every thousand
even need surgical correction of a deformity that has caused profound disability for the patient.

Meanwhile, looking back at the natural history of scoliosis in humans, it can be argued that it began
not with its description by Hippocrates, but with the verticalization and upright posture of our
ancestors, which was the next reason for writing this ESSAY.

First, about the “stage” on which the tragedy called “idiopathic scoliosis” develops. It should imme-
diately be noted that its generally accepted name, “spinal column,’is not entirely correct, since this
unpaired segment of the supporting skeleton contains two inextricably linked components: the
spinal cord, as part of the directive (controlling) central nervous system and its the bone-disco-
-ligamentous-muscular “sheath’, as a multi-element formation of bone, cartilaginous, connective
and muscle tissues and in which two columns are distinguished - the ventral “load-bearing” and
the dorsal “functional” (A.l. Kapandji, 2012). Therefore, the term “vertebral complex” turns out to
be more accurate. From this explanation it immediately follows that there are two “actors” on the
“stage” and each of them has their own role.

To what has been said, it should be added that the state of the “stage”itself is not entirely simple. For
some reason, in reflections and discussions about scoliosis, rare authors (J.F. Dubousset, priv. com.)
recall the already mentioned feature of the human vertebral complex - its vertical position, which
determines that when performing the supporting function, the main load is in the cranial-caudal
direction, the “bearing” (ventral) column of the “sheath” takes over. A similar situation occurs in fish:
the cranial-caudal load on their spine is determined by the resistance of water during horizontal
movement. Maybe these particular features of living conditions are the key to the phenomenon
of the presence of idiopathic scoliosis only in these representatives of two completely different
superclasses of vertebrates?

Since the previous paragraph draws attention to upright posture, within the framework of interest
in scoliosis, the question arises: is the appearance of Homo Erectus (as the ancestor of Homo sapi-
ens) a pattern of biological evolution or an accident in the form of an unexpected prize?

What pattern in evolution led to the replacement of a stable two-support position in space with
a less stable one-support position in only one of the mammals? Moreover, we can also add: if such
an event is natural, then why did this objective fact additionally cause the need for tools to parti-
cipate in the food chain only for this representative of the hominids, who had not yet become
Homo sapiens?

But, nevertheless, such a radical transition took place and the human body found itself in a position
that is similar to a “reverse pendulum”.

Reference. A reverse (inverted) pendulum is a pendulum whose center of mass is located above the
fulcrum. Unlike a stable normal pendulum, whose center of mass is below the point of attachment, an
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inverted pendulum is inherently unstable. And in order to remain in an upright position, he must “search
and find” the fulcrum into which the body mass vector must fall. The simplest demonstration of this con-
dition is balancing a pencil on the end of a finger. The 1978 Nobel laureate Peter L. Kapitsa (1894-1984)
made a major contribution to the mathematical description of the inverse (inverted).

Now the verticality of the spinal complex becomes the most important among other conditions for
its normal anatomical and physiological functioning, and the main requirement for this position is
the mandatory maintenance of a stable balance in three mutually perpendicular planes according
to the laws of posturology (J.F. Dubousset, 1994).

Reference. Problems of the patterns and mechanisms of maintaining a stable equilibrium uprightness
of a person (their vertical position) caused the “birth” of a young science — posturology (International
Society for Posture and Gait Research, ISPGR, since 1969).

Meanwhile, the described change in the position of the human body in space caused the same
radical change in homeostasis for the most important segment of the supporting skeleton!

And now another question: if the appearance of Homo Erectus is a random “prize” of evolution,
then what random event caused a highly stable massive radical change in homeostasis not only
for all organs and tissues of the two-component complex of the supporting skeleton, but also for
the entire organism as a whole, and why did this the change not meet with simultaneous, no less
radical, resistance to this change? Moreover, the mathematical calculations carried out (M. Dudin et
col., 2018) showed that it is the verticality of the vertebral complex that plays a key role in initiating
the horizontal component of the three-dimensional deformation of the spine.

Another motive for this ESSAY was the question: “Is scoliosis a condition or a disease?” After all,
despite the fact that scoliosis is traditionally considered a disease of the spine, it somehow does not
fit into the definition of a “disease”

Reference. A disease is a disruption of the normal functioning of the body and a reduction in its life
expectancy with a decrease in the ability to maintain its homeostasis. A condition is a complex charac-
teristic of a person, taking into account a number of factors: from the absence of diseases to the level of
physical fitness.

Since a person with clinical symptoms of scoliosis of moderate severity (within 25 Cobb’s degrees)
does not have these signs of a disease, then from these positions we have the right to classify sco-
liosis as a condition, or as variant of a norm. After all, such a deviation in the form of the healthy
sheath of the spinal cord does not lead to “disruption of the normal functioning of a teenager and
a reduction in their life expectancy with a decrease in the ability to maintain homeostasis”. Here we can
also add that the origin of this condition is associated with a natural physiological process - the
process of natural growth of the supporting skeleton. With such symptoms, a person has complaints
only about the aesthetics of their body! And only in the case of a progressive increase in symptoms
does a secondary (!) deformation of the chest and a change in the shape of the abdominal cavity
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occur, which leads to anatomical and topographical deviations and functional disorders in the
cardio-respiratory complex, as well as in the organs of the gastrointestinal tract and urinary system.
However, in all these cases, all pathological phenomena have extravertebral localization!

To the above, we can add that in cases of idiopathic scoliosis, diagnosed in the vast majority of this
category patients, in the own (proprietary) and supporting tissues of their spinal complex there are
no signs of any pathological process, the direct consequence of which may be a monoform three-
-dimensional deformation.

After all, only recently in 1968 Roth showed that the cause of the three-dimensional deformation of
the vertebral complex is the heterogeneity of the longitudinal growth of its two components - the
spinal cord and its “envelope”.

“Idiopathic scoliosis is explained as a pathological reaction to a disproportion of vertebral-neural
growth. The reason for this disproportion is rooted in two different types of growth occurring in ver-
tebrates, namely: neural-extensional elongation for spinal cord tracts and cell-dividing proliferation
in vertebral bone tissue. Morphological data on scoliotic vertebrae, as well as model experiments,
point to primary failure of growth of intraspinal nerve structures as the actual cause of idiopathic
scoliosis. This can be considered as a biomechanical solution to maintain the shortest distance
between the skull and sacrum by deforming (spiraling) the column consisting of vertebrae” - viz.

® ROTH, M. Idiopathic scoliosis caused by a short spinal cord, Acta Radiologica Diagnosis, Vol. 7, 1968, p. 257-271.

® ROTH, M. Idiopathic scoliosis- A special form of osteo-neural growth disproportion (original language: German.
Z Orthop lhre Grenzgeb, 1969 Nov;107, 1, p. 37-46.

® VAN LOON P. J. M., GROTENHUIS J. (2018), Legacy of Milan Roth: Osteoneural growth relations, the biomechanic
and neurodynamic processes of physical body growth in vertebrates with tension as its tool to overcome gravity.
Clinical implications of discongruent osteoneural growth. Locomotor System, vol. 25,2018, No. 1, p. 25-68.

It has now been established that the longitudinal growth of the spinal cord occurs under the influen-
ce of nerve growth factors (NGF) due to stretching of axons forming 6 ascending and 7 descending
tracts. At the same time, the same growth of it’s “sheath” occurs due to the proliferation of bone tissue
cells, the activity of which is determined by the glandular and diffuse (APUD) endocrine systems.

Completely independent of M. Roth, a group of Russian orthopedists and specialists in the field of
theoretical mechanics in 1979-1981, based on mathematical analysis, came to the first fundamental
conclusion — a three-plane scoliosis-like deformity can to form only in a two-column construction,
in which one of the columns can change its longitudinal size. These results became objective confir-
mation of the conclusions of M. Roth, in which such columns were the spinal cord and the pyramid
formed by the vertebrae - see: flyaun M.I., Cunuukuii 10.0. O mexaHoreHese TOPCMOHHBIX
n3meHeHun npu ckonmos // XK. Optoneauns, Tpaematon. [Ipomesup, 1981, N°2,, c. 33-36.).
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The subsequent development of biomechanical modeling and analysis of its results with their
clinical parallels made it possible to reach a new level in understanding the nature and patterns of
evolution of idiopathic scoliosis, as well as to obtain explanations for a number of phenomena - see:

® DUDIN M.G. Idiopathic scoliosis: prevention, conservative treatment; (in Russian) Monography, 3aatenbcteo
«Yenosek» CaHKT-TleTepbypr, 2017. ISBN 978-5-93339-364-1.

® DUDIN M., PINCHUK D., MINKIN YU., BALOSHIN YU., POPOV I, BOBER S., LISITZA N., POMORTSEV |.,
UZDENNIKOVA M. (2018), Biomechanical modeling of the transition of a healthy spine to the status “scoliotic”. In
English. Locomotor System, 25, 2018, ¢. 2: 210-242.

® DUDIN M., PINCHUK D., MINKIN YU., BALOSHIN YU., POPOV I., ZUBKOV M., POMORTSEV I, BOBER. S.,
UZDENNIKOVA M., LARIONOV N. (2020) AlS: Etiology, pathogenesis. Facts and considerations. Int J Ortho Res,
2020: vol 3(2):1-13. DOI: doi.org/10.33140/1JOR.03.02.01.

® DUDIN M., PINCHUK D., PANKRATOVA G., BOBIOR S., UZDENNIKOVA M., MAYSTRENKO V. (2021), Adolescent
idiopathic kyphoscoliosis and lordoscoliosis. In English. Locomotor System, 28, 2021, ¢. 1: 23-38.

And, finally, if scoliosis is a disease, then why does it evolve only during the period of active longi-
tudinal growth of the supporting skeleton and with the end of which at 15-17 years, the process,
considered in this case pathological, stops. And the result? Who can call 20-year-old young women
and men who have a 10-20 degree deformity of the spine sick? This fact indicates that we are not
dealing with a disease of the spine, but with a disruption of the growth process of a teenager. But if
this is a violation of the growth process itself as a whole, then what are its signs in other segments
of the skeleton? And what is the nature of this violation? Although, as evidence of the latter, we can
accept higher height in boys and girls if we make an adjustment in the longitudinal size of the spine
due to its curvature (G.G. Epstein, 1981; Zhen Liu et col. 2012)

Or maybe this is a consequence of a pathological process in the tissues serving the spinal complex,
and above all in the muscles? It was the difference in their strength on different sides of the “ridge”
that the great Greek considered as the reasons for the appearance of side humps (“Hippocrates.
Works." Translation by V.I. Rudnev?). In particular, in the treatise “On the Joints” (lat. “De articulis”)
paragraphs #41-#48 are devoted to this topic. In them, Hippocrates concludes: “The formation of
a hump is a process,’ the reason for which, from the standpoint of the knowledge of that time, he
saw in damage (injuries), as well as in the incorrect position of the body. As a result of these situa-
tions, the muscles (anc.gr. kpéag) on both sides of the spine (anc.gr./lat. covSuNikn oTNnAn, spina)
have different strengths and thereby cause its deformation.

In such a situation, it is quite logical to assume that scoliosis is just another form of the spinal com-
plex as a result (sum) of displacements in several spinal motion segments (H. Junghanns, 1930; A.l.
Kapandji, 2012), which arise due to asymmetrical contraction of the body’s own muscles of dorsal
(autochthonous) origin, part of the lateral (m. spinalis, m. longissimus and m. iliocostalis) and medial
(mm. interspinales, mm. intertransversarii and mm. transversospinales) paravertebral tracts.

2 Russian and Soviet psychiatrist, professor Vladimir lvanovich Rudnev (1870-1951), an authoritative historian of medicine,
the first and only translator of the works of Hippocrates into Russian from Latin (1526 edition). They were published in three
volumes in 1936, 1941 and 1944.
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In this case, scoliosis should no longer be considered a disease of the spine, but a new condition
in its form! Or the manifestation of the consequences of an idiopathic imbalance of the muscles
indicated in the previous paragraph.

Here you can note that, not surprisingly, on the one hand, working with the muscles that serve the
spinal column is the basis of the overwhelming number of proprietary and unnamed physiothera-
peutic techniques (from the popular today “Three-dimensional correction of scoliosis — a system of
respiratory orthopedics according to the K. Schroth method”to Yoga). But, on the other hand, these
muscles extremely rarely become the object of scientific study. Thus, to date there is no consensus
on the nature of the phenomenon of high electrical activity of the paravertebral muscles on the
convex side of the apex of the scoliotic arch.

Isn’t there a tinge of paradox in the massive use of muscles as a tool to combat the most unpleasant
characteristic of scoliosis - it's possible, but not at all fatal, progressive development at a time when
these same muscles are considered as one of the participants in the pathogenesis of deformity?
Especially in light of the recently obtained results of studying the so-called. “factors of postural
asymmetry”? (T. Khaimina et col.,, 2020. doi: 10.33140/ijor.03.03.05).

Meanwhile, in every third patient, the muscle imbalance discussed is of an increasing nature, which
causes progression (increase) of the deformity of the “sheath”. But why is such a radical (surgical)
method of “fighting deformity” used to counter this phenomenon that, as a result, the spine, the
most mobile segment of the skeleton, becomes immobile?

Moreover, can a surgical method of combating a violation of the shape of the vertebral complex
be called a pathogenic treatment? At the same time, the development of any of the surgical
techniques aimed at achieving spinal fusion has a tinge of experimentation, since it begins with the
words “let’s try!” But this is an experiment on humans!

Meanwhile, the number of publications on the results of studying scoliosis, the number of symposi-
ums and discussions around idiopathic 3D deformity of the spine, directly indicate that “scoliosis
is the most studied disorder of the human locomotor system”. However, over the thousand-year
history of the closest attention to it, only one indisputable fact has been discovered - “the connec-
tion between its occurrence and subsequent development with the process of child growth!”

Yet again, as a reason for writing ESSAY, a question is “asked”: “Why did this fact “not lead to the crea-
tion of a treatment method based on the technology of controlling the growth process?”

Moreover, the increased attention to vitamin D observed in the world over recent years has already
led to the massive prescription of this drug to prevent rickets in children and osteoporosis in adults!
However, this campaign, despite all the good intentions, leads to unpredictable “growth spurts”in
children. These spurts are unpredictable in magnitude and it is with them the Masters of the French
School of Orthopedists m-me G. Duval-Beaupére, Y. Cotrel and J.F. Dubousset associated the
aggressive development of scoliosis.
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It should be noted here that, based on the traditional approaches of the Russian orthopedic school,
the author of these lines 20-25 years ago recommended that his patients with scoliosis spend their
summer holidays in the south of the country (primarily on the shores of the Black, Azov and Caspian
Seas). There, as a result of high insolation, children received a huge dose of ultraviolet radiation,
as an initiator of the synthesis of endogenous vitamin D. However, it was noticed that in October-
November-December the frequency of visits by children with symptoms of scoliosis increased.
Unfortunately, at the end of the 20th century it was not possible to explain this phenomenon.

After all, the lack of an answer to this question is an admission of one’s helplessness in developing
methods to counter scoliosis, which basically come down to two technologies — kinesitherapy
in various editions. As an example, we can name the method “Three-dimensional correction of
scoliosis - respiratory orthopedic system” by K. Schroth (1894-1985) and corset therapy (today the
recognized leader is the technology of Jacques Pierre Joseph Chéneau (1927-2022).

In these circumstances, such a statement should not come as a surprise, which rightfully becomes
one of the reasons for writing this ESSAY: the number of observations with good results of con-
servative treatment of scoliosis is almost equal to the number of cases of this disorder of the
spine with non-progressive and sluggishly progressive evolution. By the way, identical informa-
tion can be found in the conclusions of the “Endresult study of the treatment of idiopathic scoliosis:
Report of the Research Committee of the American Orthopedic Association” by A.R. Shands Jr. et
al. (1941).

There is no doubt that the scope of this ESSAY does not allow us to reflect and comment on all the
paradoxes and problems associated with idiopathic scoliosis. The author believes that professionals
who work with this category of patients have their own explanation for all of the listed aspects of
either a disease or condition. However, at the end of this short but “fiesty” work, it is worth to men-
tion one thing that is almost not discussed. We will talk about the risk group for scoliosis.

Keith Michael Bagnall, an undisputed authority in the study of idiopathic scoliosis, makes an
important remark - “the fight against scoliosis begins only when a complete clinical picture of
three-dimensional deformation has already appeared.” But then he asks the question: “how does
the transition of a healthy spinal complex to a new status - the status of scoliosis happen?” And
immediately he gives the name “dark period” or “"dark zone" to the period of such a “transition”.

The importance of this period, continues K.M. Bagnall, in that understanding of its content opens
up the possibility of preventing the process of deformation of the vertebral complex as a whole.
Indeed, today in the world the prevention of idiopathic scoliosis is understood as the prevention of
its progression, i.e. prevention of an increase in only one of the characteristics of an already existing
deformation.

Luck smiled upon us and we managed to decipher the contents of the “dark period”. This happened
during biomechanical modeling of scoliosis-like deformity on a two-column model - see:
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® DUDIN M. et al. Biomechanical modeling of the transition of a healthy spine to the status ,scoliotic”. Locomotor
System, 25,2018, No. 2, p. 210-242.

® Dudin M et al. AlS: Etiology, Pathogenesis. Facts and Reflections. Int J Ortho Res, 2020: vol 3(2):1-13. DOI: doi.
org/10.33140/1JOR.03.02.01.

As a result, the already mentioned preclinical, subclinical and clinical stages were discovered in
the process of transition of a healthy spine into a deformed state. It turned out that the symptom
complexes of the first two stages are objective signs of risk groups for typical (standard) lor-
doscoliosis.

In conclusion, it can be noted that there is no need to be afraid of idiopathic scoliosis, which
has been causing so much disappointment to both patients and doctors for several millennia. And
although there is no and most likely will not be a “golden key” to unlock all its secrets, nevertheless,
the three-dimensional deformation of the vertebral complex is gradually “giving in” under the active
pressure of a large army of researchers.
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S-Petersburg, Russia
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Prof. Mikhail Dudin, MD, PhD, DSc - 75" anniversary

Mikhail Dudin was born on October 21, 1949. In his 50 years of professional life, he has traveled
a long and thorny road in orthopedics to focus on adolescent idiopathic scoliosis (AIS). After
16 years of work as an orthopedic surgeon, after gaining experience and thinking about the results
of this activity, a natural conclusion was made: most of the many treated patients with AIS could
have avoided surgery! However, this required three conditions: the first is knowledge of the etiology
and pathogenesis of the disease (in pediatric orthopedics, this information remains a big “white
spot”!). The second is a reliable early diagnosis and prediction of the outcome of the lesions of the
dorsalmusculoskeletal system (in most cases the solution to this problem is determined by the sub-
jective experience of an individual doctor and rarely has an objective basis). The third is the available
medical technology for controlling the functional state of all parts of the musculoskeletal system
(bones and connective tissues, as well as the neuromuscular complex).
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THE 20th
PRAGUE—I.UBI.IN-SYDNEV—SI'. PETERSBURG

SYMPOSIUM

Prof. Mikhail Dudin, MD, PhD, DSc, The 20t Prague-Lublin-Sydney-St. Petersburg Symposium, 12t-16t September

2018, Krométiz, Czech Republic

In order to implement the obtained scientific conclusions, M. Dudin went to work in St. Petersburg.
In the years 1996 to 2017 he was the director of the Rehabilitation Center for Children’s Orthopedics
and Traumatology ,OGONEK". At the same time, since 1997, he was a professor of the Department
of Pediatric Orthopedics in the framework of Orthopaedics and Traumatology of the St. Petersburg
Institute of Postgraduate Education.

31 | LOCOMOTOR SYSTEM vol. 31, 2024, No. 1/ POHYBOVE USTROJI, ro¢nik 31, 2024, €. 1



Professor Dudin is the author of 4 monographs on idiopathic scoliosis. The books cover a wide range
of from diagnosis and pathogenesis to prevention and conservative treatment. In addition these
monographs, he has written 4 textbooks for students and doctors.

He was a main organizer of the 15t Prague-Lublin-Sydney Symposium in St. Petersburg in 2013. For
this, M. Dudin was awarded a Diploma of Honorary Member of the Society for Connective Tissues
of the Czech Medical Association (CMA) J. E.Purkynje. He was also awarded the Honorary Medal of
the CMA J. E. Purkynje.

For his international cooperation and support of the 15t to 215t Prague-Lublin-Sydney-St.Petersburg
Symposium in 2013-2019 and for his high knowledge, research and experience in the field of pae-
diatric orthopaedics - especially AlS and the results of the complex treatment of this serious disease,
he was awarded by Professor Stépéan Svacina, MD, DrSc., president, and the Committee of the CMA
J. E. Purkynje in 2019 the Diploma of Honorary Member of the CMA J. E. Purkynje.

Now Professor M. G. Dudin continues his scientific and practical activities with the aim of to pass on
his experience to young doctors.

Note: Complete curriculum vitae of Prof. Mikhail Dudin, MD, PhD, DSc is available in Suplement 2 of the
jounal Locomotor System — Advances in Research, Diagnostics and Therapy, 26 2019, p. 178-182.

Dear Mikhail

Thank you for your fruitful cooperation, your publications are always welcome. On the occasion of your
significant jubilee | sincerely wish you good health and much success in your scientific, practical and
university activities.

Yours sincerely

Ivo

Professor lvo Marik, MD, PhD
President of The Society for Connective Tissues, CMA J.E. Purkynje
Research Secretary of The Society for Prosthetics and Orthotics CMA J.E. Purkynje
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CZECH VERSION

Dovolim si tvrdit, Ze trojrozmérna deformace jedine¢ného neparového vice prvkového segmentu
nosného skeletu ¢lovéka je nejnevyiesenéjsi formou odplaty za ziskani statusu Homo Erectus, ktery
podle antropologll pfedchézel vzniku Homo sapiens.

Prestoze prvni védecky popis ,hibetnich hrb(” patfi Hippokratovi z ostrova Kos (anc. gr.
Immokpdtng amd 1o vnoi Kwg, 460 — asi 370 pi. n. |.), nazev, ktery se zachoval dodnes, je ,skoliéza”
(z anc.gr. okoM 10, ,kfivy*, ,zakfiveny’, ,kroutici se”), vymyslel Galén z mésta Pergamonu (anc. gr.
FaAnvog amod v moAn Mépyapog, 129 n. . — asi 216 n. 1), vynikajici 1ékaf pocatku naseho letopoctu,
ktery Iécil cisafe a gladidtory a ktery se stal jednim z autord pouzivani latiny v mediciné (V. Smrcka.
Claudius Galen - surgeon of gladiators. Locomotor System, 22, 2015, 3-4 Suplement, p. 35). Dnes se
tézko najde ¢lovék, ktery by neslysel slovo ,skoliéza” a neuvédomil si, Ze se za nim skryvéa ,bo¢ni
zakfiveni patere”. V poslednich nékolika staletich, po vyzkumech anglickych lékaii Doddse z mésta
Bath (1824) a W. Adamse (1882) a némeckého ortopeda F. Staffela (Staffel F. Die menschlichen
Haltungstypen und ihre Beziehungen zu den Ruckgratverkrummungen. J. F. Bergman, Wiesbaden,

Navzdory tomuto rozsifeni obsahu pojmu ,skoliéza” se v3ak v praxi ¢asto opomiji klinicky vyznam
zmén v dalsich dvou rovinach - horizontalni a sagitdlni. Ve vztahu k nim se pouze uvadi: ,AlS s plo-
chymi zady” nebo ,AIS s kulatymi zady*, stejné jako ,AlS s konvexni stranovou rotaci” nebo ,AlS
s konkdavni stranovou rotaci”.

Od starovéku uplynulo 2,5 tisice let, ale pfes veskeré usili ,dédicd” Velkého Recka je skoliéza stale
plnd zdhad a paradoxd, coz se stalo dGvodem k napsani této eseje.

Prvni takovy motiv spocivé v dalsi ,etiologické” klasifikaci navrzené na konci dvacatého stoleti
za ,nezavislé” typy skoliéz. Na otézku ,Proc¢ se pfi tolika dlivodech vyviji stejny vysledek - pouze
monoformni trojrozmérnd deformace?” viak uznavany profesor neodpovida. Navic mezi nimi témér
v 90 % piipadd nelze stanovit jednoznacné priciny skolidzy. Dlouho se jim fikalo ,habitualni”, ale na
pocatku 20. stoleti bylo navrZzeno dat jim nazev ,idiopatické”, s nimz jsme se poprvé setkali v praci
némeckého |ékafe M. Bohma z roku 1906 (A. Eulenburg, 1840-1917).

Pro doplnéni informaci je tfeba uvést, ze skolidéza se vyskytuje i v pfirodé. U ¢tyfnozcl jsou viak
bud',vrozené’, nebo vznikaji v disledku parazitarniho (lat. nematoda parelaphostrongylus tenuis)
¢i jiného postizeni michy. Veterindfi znaji zdroj téchto skoliéz u koni a alpak v Jizni Americe.
+Nepfimérené” multiplanarni deformity patefe podobné skolidze byly dosud popsany pouze u ryb.

Pozn. ESSAY je tematicky ¢ldnek, ktery zpracovdvd nékteré problémy nikoli v systematické védecké formé, ale ve formé volné
(Vykladovy slovnik cizich slov). Termin ESSAY zacal v anglické literature pouzivat Francis Bacon (1561-1626), jeden z prvnich
vyznamnych filozofii pozdni renesance. Za autora terminu je vsak tieba povaZovat soucasnika F. Bacona, francouzského filozofa
a spisovatele Michela Eyquema de Montaigne (1533-1592), autora knihy Les Essais (1580).
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Na studiu velké skupiny téchto ,bezpficinnych” skoliéz se podileli vynikajici ortopedi z celého svéta.
A v kazdé etapé vyvoje |ékaiské védy se pravidelné objevovala vysvétleni a recepty na lé¢bu téchto
skolioz. Ale navzdory veSkerému Usili tato l1éze, znama jiz od starovéku, zacina na pozadi naprostého
zdravi u rostouciho ditéte, diky svému postupnému vyvoji nadale mrzaci téla a osudy. ,Skoliéza je
starym krizem ortopedie”, tak ji hodnotil némecky ortoped Konrad Alexander Theodor Biesalski
(1868-1930). Cesky profesor Eduard Albert (1841-1900), jeden ze zakladateld ortopedické chirur-
gie, prohlasil o chirurgické korekci deformity, ktera se bézné nazyva ,lé¢ba": ,Skolidza je ostudnou
soucdsti chirurgie”.

Cetnost viech typl skoliéz u déti a dospivajicich, ktera se podle ¢etnych studii pohybuje od 1 %
do 30 %, z nich ¢ini jednu z nej¢astéjsich poruch pohybového aparatu. Pfitom v rdmci jednotlivych
populaci nebo etnickych skupin je pocet postizenych pomérné stabilni atakové tficetindsobné
rozdifeni u nich neni pozorovadno. Z naseho pohledu toto téma nejredlnégji reflektuje nézor S. L.
Weinsteina (Weinstein S.L. Adolescent idiopathic scoliosis: Prevalence and natural history. - In The
pediatric Spine: Principle and practice. Volume 1. Edited by: Weinstein S.L. New York. 1994, p. 463-478)
a také M. A. Ashera a D. C. Burtona (2006): ... ,prevalence skoliézy ve svété jako celku je pomérné
homogenni a pozorované rozdily jsou predevsim metodického ptvodu a do jisté miry populacniho”.

Zvy3enou pozornost 3D deformaci patefe urcuje jeji nejnepfijemné;si vlastnost — pravdépodobny,
jiz zminény, progresivni pribéh. Povazujeme za spravné pouzit slovo ,pravdépodobny”, protoze
mezi viemi pacienty se skoliézou odpovidd pomér mezi po¢tem progresivnich, pomalu progre-
sivnich a neprogresivnich pfipadi podle naseho odborného odhadu 1 : 2 : 3. Toto pomérné
zobecnéné hodnoceni se shoduje s ndzorem, Ze pocet pacientl vyzadujicich aktivni dohledovou
¢innost se odhaduje na 15-25 % a u pacientl hospitalizovanych k operacni korekci na 0,2-0,3 %.
Jinymi slovy, aZ 30 osob z kazdych 100 osob potiebuje specializovanou intenzivni konzervativni
[écbu jasné progredujici skolidzy a 1-3 déti z kazdého tisice dokonce chirurgickou korekci deformi-
ty, kterd zpUsobila hluboké postizeni pacienta.

Pfi pohledu zpét na pfirozenou historii skoliézy u lidi Ize tvrdit, Ze nezacala jejim popisem
Hippokratem, ale vertikalizaci a vzpfimenym drzenim téla nasich predkd, coz byl dalsi divod
pro napsani této eseje.

Nejprve o ,stadiu’, na kterém se rozviji tragédie zvana ,idiopatickd skoliéza”. Hned na tGvod je tfeba
poznamenat, Ze jeji obecné pfijimany nazev ,patefni sloupec” neni zcela spravny, nebot tento
neparovy segment nosného skeletu obsahuje dvé neoddélitelné spjaté slozky: michu jako soucast
direktivniho (fidiciho) centralniho nervového systému a jeji kostné-vazivové-svalovy ,plast”,
jakoZto vice prvkovy uUtvar z kostni, chrupav¢ité, pojivové a svalové tkané a v némz se rozliduji dva
sloupce - ventralni ,nosny” a dorzalni ,funkni” (A. I. Kapandji, 2012). Proto se ukazuje, Ze termin
»obratlovy komplex” je pfesnéjsi. Z tohoto vysvétleni okamzité vyplyvd, ze na ,jevisti” jsou dva
sherci” a kazdy z nich ma svou vlastni roli.

K tomu, co bylo feceno, je treba dodat, Ze stav samotného ,jevisté” neni zcela jednoduchy. Z néja-
kého divodu v tvahach a diskusich o skoliéze vzacni autofi (J. F. Dubousset, osobni sdéleni) pfi-

34 | LOCOMOTOR SYSTEM vol. 31, 2024, No. 1/ POHYBOVE USTROJI, ro¢nik 31, 2024, €. 1



pominaji jiz zminénou vlastnost lidského obratlového komplexu - jeho vertikalni postaveni, které
urcuje, Ze pii pInéni opérné funkce je hlavni zatizeni v kranialné-kaudalnim sméru, které prebira
Lnosny” (ventralni) sloupec ,plasté”. Podobna situace nastava u ryb: kraniokaudalni zatizeni jejich
patefe je ur¢eno odporem vody pii horizontalnim pohybu. Mozna jsou pravé tyto zvlastnosti Zivot-
nich podminek klicem k fenoménu piitomnosti idiopatické skoliézy pouze u téchto zéstupct dvou
zcela odlisnych nadtfid obratlovcd?

Vzhledem k tomu, Ze pfedchozi odstavec upozoriiuje na vzpfimené drzeni téla, vyvstava v rdmci
zajmu o skolidzu otdzka: je vyskyt Homo Erectus (jako pfedka Homo sapiens) zakonitosti bio-
logické evoluce nebo nahodou v podobé necekané vyhry?

Jaké zakonitost evoluce vedla k nahrazeni stabilni polohy se dvéma oporami v prostoru méné sta-
bilni polohou s jednou oporou pouze u jednoho ze savci? Navic mizeme také dodat: je-li takova
udalost pFirozena, proc tato objektivni skute¢nost dodatecné vyvolala potiebu nastroju k ucasti
v potravnim fetézci pouze u tohoto zastupce hominidii, ktery se jesté nestal Homo sapiens?

Presto vsak k takovému radikalnimu prechodu doslo a lidské télo se ocitlo v pozici, ktera se podoba
“obracenému kyvadlu”.

Odkaz. Obrdcené (invertované) kyvadlo je kyvadlo, jehoZ tézisté se nachdzi nad opérnym bodem. Na
rozdil od stabilniho normdlniho kyvadla, jehoZ téZisté je pod bodem upevnéni, je obrdcené kyvadlo ze
své podstaty nestabilni. A aby zustalo ve vzpiimené poloze, musi “hledat a najit” opérny bod, do kterého
musi dopadat vektor hmotnosti télesa. Nejjednodussi demonstraci tohoto stavu je vyvazovdni tuzky na
konci prstu. K matematickému popisu inverzniho stavu vyznamneé prispél nositel Nobelovy ceny za rok

1978 Peter L. Kapitsa (1894—1984).

malni anatomické a fyziologické fungovani a hlavnim pozadavkem pro toto postaveni je povinné
udrzovani stabilni rovnovéahy ve tfech na sebe kolmych rovinach podle zdkond posturologie (J. F.
Dubousset, 1994).

Odkaz. Problematika zdkonitosti a mechanismi udrzovdni stabilni rovnovdhy vzpiimené polohy
clovéka (jeho vertikdIniho postaveni) stdla u “zrodu” mladé védy - posturologie (International Society
for Posture and Gait Research, ISPGR, od roku 1969).

Pfitom popsana zména polohy lidského téla v prostoru zpusobila stejnou radikélni zménu homeos-
tdzy u nejdulezitéjSiho segmentu nosné kostry!

A nyni dalsi otdzka: je-li vznik Homo Erectus nahodnou “vyhrou”evoluce, pak jakd nahodna udalost
zpUsobila vysoce stabilni masivni radikdlni zménu homeostazy nejen pro vsechny organy a tkané
dvouslozkového komplexu nosné kostry, ale i pro cely organismus jako celek, a pro¢ se tato zména
nesetkala se sou¢asnym, neméné radikalnim odporem v(ci této zméné? Provedené matematické
vypocty (Dudin M. et al. Biomechanical modeling of the transition of a healthy spine to the status
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,scoliotic”. Locomotor System, 25,2018, No. 2, p. 210-242.) navic ukazaly, Ze pravé vertikalita obrat-
lového komplexu hraje klicovou roli pfi iniciaci horizontalni slozky trojrozmérné deformace patefe.

Dalsim motivem pro tuto esej byla otazka: “Je skoliéza stav nebo nemoc?”. Koneckoncd, prestoze
je skolidza tradi¢né povazovana za onemocnéni patere, do definice “nemoci” jaksi nezapada.

Odkaz. Nemoc je naruseni normdiniho fungovdni organismu a zkrdceni délky jeho Zivota pfi sniZzeni
schopnosti udrZovat homeostdzu. Stav je komplexni charakteristika clovéka, kterd zohlednuje rfadu
faktor(: od nepfitomnosti nemoci aZ po troven fyzické zdatnosti.

Protoze ¢lovék s klinickymi pfiznaky skoliézy stiedné tézkého stupné (do 25 stupil — méfeno
podle Cobba) nema tyto pfiznaky nemoci, pak ztéchto pozic méme pravo klasifikovat skoliézu
jako stav nebo jako variantu normy. Vzdyt takové odchylka v podobé zdravého pouzdra patere
nevede k “naruseni normélniho fungovani dospivajiciho ¢lovéka a zkraceni jeho délky Zivota se
snizenim schopnosti udrzovat homeostazu”. Zde muizeme také dodat, ze vznik tohoto stavu souvisi
s pfirozenym fyziologickym procesem - procesem ptirozeného rdstu nosného skeletu. Pfi takovych
pfiznacich ma ¢lovék stiznosti pouze na estetiku svého téla! A teprve v pfipadé postupného nardstu
ptiznakd dochézi k sekundarni (!) deformaci hrudniku a zméné tvaru bfisni dutiny, coz vede k ana-
tomickym a topografickym odchylkdm a funkénim poruchédm v kardiorespira¢nim komplexu, jakoz
i v orgédnech gastrointestinalniho traktu a mocového systému. Ve vech téchto pfipadech viak maji
vechny patologické jevy extravertebralni lokalizaci!

Kvyse uvedenému lze dodat, ze v ptipadech idiopatické skolidzy, diagnostikované u prevazné
vétsiny pacientll této kategorie, nejsou ve vlastnich a podplrnych tkénich jejich péatefniho kom-
plexu zddné zndmky patologického procesu, jehoz pfimym dlsledkem muze byt monoformni
trojrozmérna deformace.

Teprve nedavno Roth (1968) prokazal, Ze pFi¢inou trojrozmérné deformace obratlového kom-
plexu je nesourodost podélného riistu jeho dvou slozek - michy a jejiho “obalu”.

“Idiopaticka skoliéza se vysvétluje jako patologicka reakce na disproporci vertebrogenniho rlstu.
Pricina této disproporce ma kofeny ve dvou riiznych typech rdstu vyskytujicich se u obratlovcd,
a to: neurdlné-extencni prodluzovani u misnich drah a bunécnd délici se proliferace v kostni tkani
obratll. Morfologické tdaje o skoliotickych obratlich i modelové experimenty ukazuji na
primarni poruchu ristu intraspinalnich nervovych struktur jako na skuteénou pfi¢inu idio-
patické skoliézy. To Ize povazovat za biomechanické feseni, jehoz cilem je udrzet co nejkratsi
vzdélenost mezi lebkou a kosti kfizovou deformaci (spirdlovitym stocenim) sloupce tvoreného

obratli” - viz:

® ROTH, M. Idiopathic scoliosis caused by a short spinal cord, Acta Radiologica Diagnosis, Vol. 7, 1968, p. 257-271.
® ROTH, M. Idiopathic scoliosis- A special form of osteo-neural growth disproportion (original language: German.
Z Orthop lhre Grenzgeb, 1969 Nov;107, 1, p. 37-46.
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® VAN LOON P. J. M., GROTENHUIS J. (2018), Legacy of Milan Roth: Osteoneural growth relations, the biomechanic
and neurodynamic processes of physical body growth in vertebrates with tension as its tool to overcome gravity.
Clinical implications of discongruent osteoneural growth. Locomotor System, vol. 25,2018, No. 1, p. 25-68.

Vsoucasné dobé bylo zjisténo, ze k podélnému rdstu michy dochazi pod vlivem nervovych
rlstovych faktor(l (NGF) v dusledku protahovani axond, které tvoli 6 vzestupnych a7 sestupnych
drah. Soucasné dochdzi ke stejnému rlistu jejiho “plasté” v dlsledku proliferace bunék kostni tkdné,
jejichz aktivita je ur¢ovana zlazovym a difuznim (APUD) endokrinnim systémem.

Zcela nezavisle na M. Rothovi dospéla skupina ruskych ortopedi a specialistti v oboru teoretické
mechaniky vletech 1979-1981 na zdkladé matematické analyzy k prvnimu zasadnimu zavéru:
deformita podobna skoliéze ve tfech rovinach miiZze vzniknout pouze u dvousloupové kon-
strukce, u niz jeden ze sloupli miZe ménit svou podélnou velikost (QyauH M.T., CuHMLKMIA
10.®. O mexaHoreHese TOPCMOHHbIX M3MeHeHW npu ckonuo3 // K. OpToneaws, TpaBMaTon.
Mpome3sup, 1981, N22.,, c. 33-36.). Tyto vysledky se staly objektivnim potvrzenim zavérd M. Rotha,
v nichz takovymi sloupci byli micha a pyramida tvorend obratli.

Nasledny rozvoj biomechanického modelovani a analyza jeho vysledk s jejich klinickymi paralela-
mi umoznily dosdhnout nové Urovné v pochopeni podstaty a zakonitosti vyvoje idiopatické skoliézy
a ziskat vysvétleni pro fadu jevl - viz:

® DUDIN M.G. Idiopathic scoliosis: prevention, conservative treatment; (in Russian) Monography, M3aatenbctBo
«Yenosek» CaHkT-MeTepbypr, 2017. ISBN 978-5-93339-364-1.

® DUDIN M., PINCHUK D., MINKIN YU., BALOSHIN YU., POPOV I, BOBER S., LISITZA N., POMORTSEV I.,
UZDENNIKOVA M. (2018), Biomechanical modeling of the transition of a healthy spine to the status “scoliotic”. In
English. Locomotor System, 25, 2018, ¢. 2: 210-242.

® DUDIN M., PINCHUK D., MINKIN YU., BALOSHIN YU., POPOV I, ZUBKOV M., POMORTSEV I., BOBER.S.,
UZDENNIKOVA M., LARIONOV N. (2020) AIS: Etiology, pathogenesis. Facts and considerations. Int J Ortho Res,
2020: vol 3(2):1-13. DOI: doi.org/10.33140/1JOR.03.02.01.

® DUDIN M., PINCHUK D., PANKRATOVA G., BOBIOR S., UZDENNIKOVA M., MAYSTRENKO V. (2021), Adolescent
idiopathic kyphoscoliosis and lordoscoliosis. In English. Locomotor System, 28, 2021, ¢. 1: 23-38.

A konecné, pokud je skoliéza nemoc, proc se vyviji pouze v obdobi aktivniho dlouhého rdstu nos-
ného skeletu a s jeho koncem v 15-17 letech se proces, povazovany v tomto piipadé za patologicky,
zastavi. A vysledek? Kdo mUize nazyvat 20leté mladé zeny a muze, ktefi maji 10-20stupriovou defor-
mitu pétefe, nemocnymi? Tato skute¢nost naznacuje, Ze nemame co do ¢inéni s onemocnénim
patefe, ale s narusenim rdstového procesu dospivajiciho. Pokud se v3ak jednd o naruseni samot-
ného rdstového procesu jako celku, jaké jsou jeho pfiznaky v jinych segmentech kostry? A jaka
je povaha tohoto naruseni? Ackoli jako dikaz toho druhého, miizeme akceptovat vyssi vysku
u chlapct a divek, pokud provedeme Upravu podéiné velikosti patere v dusledku jejiho zakfiveni (G.
G. Epstein, 1981; Zhen Liu et col. 2012).
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Nebo je to snad dlsledek patologického procesu v tkanich slouzicich patefnimu komplexu,
predevsim ve svalech? Pravé rozdil v jejich sile na rGznych stranach “hiebene - hibetu” povazoval
velky Rek za pfic¢inu vzniku boénich hrbi (“Hippokrates. Dilo.” Preklad V. I. Rudnéva'). Zejména
v pojednani “O kloubech” (lat. “De articulis”) jsou tomuto tématu vénovany odstavce #41-#48.
Hippokrates v nich dochazi k zavéru: “Vznik hrbu je proces’, jehoz pfitinu z hlediska tehdejsich
znalosti vidél v poskozeni (zranéni) a také v nespravném postaveni téla. V disledku téchto situaci
maji svaly (anc.gr. kpéag) na obou stranach patefe (anc.gr./lat. srovGulikn oTnAn, spina) rlznou
silu, a tim zpUsobuji jeji deformaci.

V takové situaci je zcela logické pfedpokladat, Ze skoliéza je jen jinou formou patefniho komplexu
jako vysledek (soucet) posund v nékolika pohybovych segmentech patefe (H. Junghanns, 1930;
A.l. Kapandji, 2012), které vznikaji v disledku asymetrické kontrakce vlastnich svalC dorzalniho
(autochtonniho) plvodu, ¢asti lateralnich (m. spinalis, m. longissimus a m. iliocostalis) a medialnich
(mm. interspinales, mm. intertransversarii a mm. transversospinales) paravertebralnich drah.

V tomto pfipadé by skoliéza jiz neméla byt povazovdna za onemocnéni patere, ale za novy stav
v jeji podobé! Neboli projevem dlsledkl idiopatické nerovnovahy svaldl zminénych v pfedchozim
odstavci.

Zde si mGzete vSimnout, Ze neprekvapivé na jedné strané je prace se svaly, které slouzi patefi,
zdkladem ohromného mnozstvi vlastnich a nepojmenovanychy fyzioterapeutickych technik
(dodnes populérni “Trojrozmérné korekce skolidzy — systém respiracni ortopedie podle metody
K. Schrothové” az po jégu). Na druhou stranu se vsak tyto svaly stdvaji pfedmétem védeckého
zkouméni mimoradné zfidka. Doposud tedy neexistuje shoda o povaze fenoménu vysoké elektrické
aktivity paravertebralnich svald na konvexni strané vrcholu skoliotického oblouku.

Neniv masivnim pouzivéni svall jako nastroje v boji proti nejnepfijemnéjsi charakteristice skolidzy —
moznému, ale viibec ne fatdlnimu, progresivnimu vyvoji v dobé, kdy jsou tytéz svaly povazovény
za jednoho z Gcastnik(l patogeneze deformity — pfichut paradoxu? Zvlasté ve svétle nedavno zis-
kanych vysledkd studia tzv. “faktor(i posturalni asymetrie”? (T. Khaimina a kol., 2020. doi: 10.33140/
ij0r.03.03.05).

U kazdého tretiho pacienta ma diskutovana svalovd nerovnovéha naristajici charakter, coz
zpUsobuje progresi (zvétsovani) deformity “pouzdra”. Pro¢ se vsak proti tomuto jevu pouziva tak
radikalni (chirurgickd) metoda “boje s deformitou’, Ze se v dlsledku toho patet, nejpohyblivéjsi seg-
ment skeletu, stdva nepohyblivou?

Lze navic chirurgickou metodu boje proti poruseni tvaru obratlového komplexu oznacit za
patogenni lé¢bu? Vyvoj kterékoli z chirurgickych technik zamérenych na dosazeni fuze patere

1 Rusky a sovétsky psychiatr, profesor Vladimir Ivanovi¢ Rudnév (1870-1951), autoritativni historik me-
dievistiky, prvni a jediny piekladatel Hippokratova dila z latiny do rustiny (vydani z roku 1526). Vysly ve
tiech svazcich v letech 1936, 1941 a 1944.
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ma zdroven nadech experimentu, nebot zacina slovy “zkusime to!”. Jedna se viak o experiment
na lidech!

Pritom pocet publikaci o vysledcich studia skolidzy, pocet sympozii a diskusi o idiopatickych 3D
deformitach patefe pfimo svéd¢i o tom, ze “skoliéza je nejstudovanéjsi poruchou pohybového
aparatu clovéka”. Za tisiciletou historii nejblizsi pozornosti vénovné skoliéze viak byl zjistén pouze
jeden nesporny fakt — “souvislost jejiho vzniku a nasledného vyvoje s procesem rustu ditéte!”.

Jako dlivod pro napsani eseje je opét otazka: “Proc tato skutecnost “nevedla k vytvoreni lécebné
metody zaloZené na technologii fizeni ristového procesu?”.

Zvy3end pozornost vénovana vitaminu D ve svété v poslednich letech navic jiz vedla k masivnimu
predepisovani tohoto léku k prevenci kfivice u déti a osteopordzy u dospélych! Tato kampan viak
pres vSechny dobré umysly vede knepredvidatelnym “rdstovym spurtdm” u déti. Tyto spurty
maji nepredvidatelny rozsah a pravé s nimi mistfi francouzské ortopedické $koly m-me G. Duval-
Beaupére, Y. Cotrel a J. F. Dubousset spojovali agresivni rozvoj skoliézy.

Zde je tfeba poznamenat, ze na zdkladé tradi¢nich pfistupl ruské ortopedické skoly autor téchto
radkl pred 20-25 lety doporucoval svym pacientdim se skolidzou travit letni dovolenou na jihu
zemé (pfedevsim na pobrezi Cerného, Azovského a Kaspického more). Tam déti v disledku vysoké
insolace dostavaly obrovskou davku ultrafialového zafeni, jakozto inicidtoru syntézy endogen-
niho vitaminu D. Bylo vSak zaznamenano, Ze v fijnu-listopadu—prosinci se zvysila frekvence navstév
déti s ptiznaky skolidzy. Bohuzel se na konci 20. stoleti nepodafilo tento jev vysvétlit.

Vzdyt absence odpovédi na tuto otdzku je pfiznanim vlastni bezradnosti pfi vyvoji metod proti
skolioze, které se v podstaté omezuji na dvé technologie - kinezioterapii v rliznych vydanich. Jako
piiklad mizeme uvést metodu ,Trojrozmérna korekce skolidzy - respiracni ortopedicky systém”
Kathariny Schrothové (1894-1985) a korzetovou terapii (dnes uznavanym lidrem je technologie
Jacquese Pierra Josepha Chéneaua (1927-2022).

Vzhledem k témto okolnostem by takové tvrzeni nemélo byt prekvapenim, coz se pravem stava
jednim z dGvod( pro napsani této eseje: pocet pozorovani s dobrymi vysledky konzervativni
lécby skolidzy se téméf rovna poctu pripadti této poruchy pateie s neprogresivnim a pomalu
progredujicim vyvojem. Mimochodem, totozné informace Ize nalézt v zavérech ,Endresult study
of the treatment of idiopathic scoliosis: A. R. Shandse Jr. a dalsSich (1941).

Neni pochyb o tom, Ze rozsah této eseje ndm neumozZiuje zamyslet se a komentovat viechny
paradoxy a problémy spojené s idiopatickou skoliézou. Autor se domnivd, Ze odbornici, ktefi pra-
cuji s touto kategorii pacientd, maji pro vsechny aspekty bud onemocnéni, nebo stavu sva vlastni
vysvétleni. Na konci tohoto kratkého, ale vypravného dila vsak stoji za zminku jedna véc, o které se
témér nemluvi. Budeme hovorit o rizikové skupiné pro vznik skoliézy.
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Keith Michael Bagnall, nesporna autorita ve studiu idiopatické skoliézy, uvadi daleZitou pozndm-
ku - ,boj proti skoliéze zacina teprve tehdy, kdyZ se jiz objevi uplny klinicky obraz trojrozmérné
deformace. Pak ale klade otazku: ,jak dochézi k prechodu zdravého pateiniho komplexu do nového
stavu - stavu skoliozy?” A okamzité dava obdobi ,pfechodu” nazev ,temné obdobi” nebo ,temna
zéna"“. Vyznam tohoto obdobi, pokracuje K. M. Bagnall, spociva v tom, Zze pochopeni jeho obsahu
otevira moznost zabranit procesu deformace obratlového komplexu jako celku. Ostatné dnes se
ve svété prevence idiopatické skoliézy chape jako prevence jeji progrese, tj. prevence narlistu pouze
jedné z charakteristik jiz existujici deformace.

Usmdlo se na nds stésti a podafilo se nam rozlustit obsah «temného obdobi». Stalo se tak pfi
biomechanickém modelovani deformity podobné skoliéze na dvousloupcovém modelu. Vysledkem
bylo odhalenti jiz zminénych preklinickych, subklinickych a klinickych stadii v procesu prechodu
zdravé patefe do deformovaného stavu. Ukazalo se, Ze komplexy pfiznakl prvnich dvou stadii jsou
objektivnimi znaky rizikovych skupin pro typickou (standardni) lordoskoliézu - viz:

® DUDIN M. et al. Biomechanical modeling of the transition of a healthy spine to the status ,scoliotic”. Locomotor
System, 25,2018, No. 2, p.210-242.

® Dudin M et al. AlS: Etiology, Pathogenesis. Facts and Reflections. Int J Ortho Res, 2020: vol 3(2):1-13. DOI: doi.
org/10.33140/1JOR.03.02.01.

Zavérem lze konstatovat, ze neni tieba se bat idiopatické skolidzy, kterd jiz nékolik tisicileti
zpUsobuje tolik zklamani pacientm i Iékaftim. A i kdyz neexistuje a nejspiSe ani nebude existovat
4zlaty kli¢’, ktery by odhalil vSechna jeji tajemstvi, presto se trojrozmérna deformace obratlového
komplexu postupné ,poddéva” pod aktivnim tlakem velké armady vyzkumnikd.

Adresa autora:

Professor Mihail G. Dudin, MD, PhD, DMedSc.
S-Petersburg, Russia

E-mail: mdudin@list.ru
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SUMMARY

Neurofibromatosis refers to several related genetic disorders that have overlapping clinical mani-
festations. The aim of this article is to introduce Neurofibromatosis type 1 (NF1, OMIM #162200),
a common autosomal dominant genetic disorder from the perspective of clinical geneticist.

Management of NF1 is multidisciplinary and aimed at addressing the diverse range of clinical mani-
festations and complications associated with the disorder.

Genetic counseling is an integral component of NF1 management providing affected individuals
and their families with information about the inheritance pattern, recurrence risk, and available
testing options.

Key words: Neurofibromatosis type 1, genetic counseling, NFT gene, causal variant, next-genera-
tion sequencing, Sanger sequencing

INTRODUCTION

Neurofibromatosis type 1 (NF1, i.e. Neurofibromatosis von Recklinghausen) is a multi-system disor-
der characterized by involvement of the skin, central and peripheral nervous system, changes in the
iris of the eye, bone changes and an increased risk of developing malignant tumors.
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ORIGINAL DIAGNOSTIC CRITERIA (1988) UPDATED DIAGNOSTIC CRITERIA (2021)

Adiagnosis of NF1 can be given if an
individual has two or more of the following
manifestations:

* Six or more café-au-lait-macules*

(brown skin spots)

» greater than 5mm in pre-pubertal

Adiagnosis of NF1 can be given if an
individual has two or more of the following
manifestations:

» Six or more café-au-lait macules

(brown skin spots)

» greater than S5mm in pre-pubertal

i children
children .
. » greater than 15mm in post-pubertal
» greater than 15mm in post-pubertal .
individuals

individuals L 3 2 .
® Freckling in axilla (armpit) or groin®

* Two or more neurofibroma tumors
of any type, or one plexiform
neurofibroma

s Freckling in axilla (armpit) or groin
* Two or more neurofibroma tumors
of any type, or one plexiform

neurofibroma .
* Two or more Lisch nodules or two or

more choroidal abnormalities

* Optic pathway glioma (tumor of the
visual pathway)

* Adistinctive osseous lesion such as:
sphenoid dysplasia; anterolateral
bowing of tibia (tibial dysplasia); or
pseudarthrosis of a long bone

o A pathogenic NF1 gene variant **

* A parent with NF1 by the above criteria
*At least one of the two pigmentary findings (café-au-lait
macules or freckling) should be bilateral.

» Two or more iris Lisch nodules

(iris hamartomas)

* Optic glioma

» A distinctive bony lesion: dysplasia
(abnormal growth) of the sphenoid
bone behind the eye, or dysplasia of
long bones, often in the lower leg

® Having a close relative (parent, sibling,
or child) with NF1

Fig. 1: Legius E.et al. Revised diagnostic criteria for neurofibromatosis type 1 and Legius syndrome: an international
consensus recommendation. Genet Med. 2021 Aug;23(8):1506-1513. doi: 10.1038/541436-021-01170-5. Epub 2021
May 19.

NF1 is primarily characterized by the development of neurofibromas, benign tumors originating
from peripheral nerves, and café-au-lait spots, a hyperpigmented skin lesions.

Individuals with NF1 may develop other characteristic features, such as Lisch nodules (hamartomas
of the iris), axillary or inguinal freckling, skeletal abnormalities, optic pathway gliomas, and cogni-
tive deficits.

The disease is fully penetrant. Symptoms manifest from childhood to adulthood and have a pro-
gressive character. The severity and progression of NF1-associated complications can vary widely
among affected individuals, ranging from mild to severe, even within one family.

According to epidemiological research, the rate of cancer occurrence in individuals with NF1 is
roughly four times greater than that of the general population (6). Approximately 10% of NF1
patients develop malignant peripheral nerve sheath tumors, typically originating from plexiform
neurofibromas. Additionally, NF1 is commonly linked with pheochromocytoma, sarcoma, mela-
noma, breast cancer, ovarian cancer, leukemia, and gastrointestinal stromal tumors.
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NF1 incidence is between 1:2,500 and 1:4,000 and is one of the most common rare diseases.
Approximately 50% of NF1 gene causal variants arise de-novo (2) and 50% of NF1 cases are heredi-
tary and transmitted in autosomal dominant manner.

Formal diagnostic criteria for NF1 have been established. Diagnosis is primarily based on revised
clinical criteria established by the National Institutes of Health Consensus Development Conference
in 2021 ((3), Fig. 1).

Since NF1 is a complex multi-system disease, differential diagnosis may be wide reflecting the most
affected organ body system. Clinical geneticists typically consult patients with cutaneous mani-
festation where for example diagnosis as Legius syndrome, Noonan syndrome, McCune-Albright
syndrom should be considered in the differential diagnosis.

NF1 gene

NF1 is caused by germline pathogenic variants (nonsense, frameshift, missense, splicing mutations,
small in frame deletions a duplications) in the NF1 gene located on chromosome 17q11.2 and rarely
by 17911 microdeletion (approx. 5-7%; (8)). The NF1 gene spans approximately 350 kilobases and
contains 60 exons (57 constitutive exons, plus 3 alternative spliced exons), making it one of the larg-
est genes in the human genome.

According to Online Mendelian Inheritance in Man database (OMIM; i.e. catalog of human genes
and genetic disorders), NF1 gene variants might be associated not only with NF1 (OMIM #162200)
but also with related syndromes/subtypes such as Neurofibromatosis-Noonan syndrome (OMIM
#601321), Neurofibromatosis, familial spinal (OMIM #162210) and Watson syndrome (OMIM
#193520).

Besides generalized NF1 mosaic NF1 (MNF1) exists. MNF1 (also segmental NF1) is caused by postzy-
gotic pathogenic variants in NF1. Manifestations of MNF1 are limited to the affected area of the
body. Symptoms are usually unilateral but may appear bilaterally, either in a symmetric or asym-
metrical form (7).

More than 3,000 causal NFT variants have been identified in NF1 patients (5). Described variants
are distributed all over the whole gene. In general, there is no clear correlation between the clinical
phenotype and molecular genotype in most NF1 variants. However, few correlation studies exist
with these particular examples:

NF1 whole-gene deletion causes severe form of the disease, characterized by cutaneous neurofibro-
mas earlier in life, development of larger number of tumours, including malignant peripheral nerve
sheath tumors, more frequent severe cognitive abnormalities, somatic overgrowth, and dysmorphic
facial features (4).
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3-bp deletion in NFT exon 17 (c.2970_2972delAAT) has been associated with typical pigmentary
features of NF1 without cutaneous or surface plexiform neurofibromas (9).

Some evidence has suggested that the specific genotype may be the main determinant of the
development of Optic Pathway Glioma (10).

NF1 protein

The NF1 gene encodes a protein called neurofibromin, which is expressed in cells of the central and
peripheral nervous system, leukocytes and, in low concentrations, also, for example, in fibroblasts
and osteoblasts. Neurofibromin acts as a negative regulator of the RAS signaling pathway. This path-
way plays a crucial role in controlling cell proliferation, differentiation, and survival. Neurofibromin
functions as a GTPase-activating protein (GAP), which promotes the hydrolysis of RAS-GTP to RAS-
GDP, thereby inactivating RAS. By inhibiting RAS signaling, neurofibromin helps regulate cell growth
and prevent the formation of tumors.

Mutations in the NF1 gene disrupt the normal function of neurofibromin, leading to dysregulated
RAS signaling and abnormal cell proliferation. Loss of neurofibromin’s GAP activity results in the
accumulation of active RAS-GTP, which drives uncontrolled cell growth and tumor formation char-
acteristic of NF1.

Genetic testing

Molecular analysis of NF1 gene is challenging with regards to the large size of the gene, the lack of
mutational hotspots and the existence of pseudogenes.

Next-generation sequencing (NGS), the multigene panel testing, allows accurate and fast detection
of germline NF1 variants. NGS approach shows higher sensitivity for detecting mosaic forms of NF1
compared to classic Sanger sequencing. Furthermore, multigene panel testing enables simultane-
ous analysis of many genes and thus differentiate NF1 from other syndromes that should be con-
sidered in the differential diagnosis.

Once the NFT causal variant is detected by the NGS approach, confirmation using classic Sanger
DNA sequencing analysis performed on the corresponding exon follows. Large deletions and dupli-
cations of NF1 are performed by multiplex ligation-dependent probe amplification (MLPA) analysis.

CAVE: In practice, we encounter patients in whom the causal NF1 variant has not been detected.
However, the absence of NF1 pathogenic variant does not exclude the diagnosis. Molecular genetic
methods also have their limitations leading to failure to identify the causal variant. For example, var-
iants in regulatory regions and deep intronic variants represent the problematic molecular mecha-
nism. Furthermore, other genetic symptoms and external factors must be taken into the account.

44 | LOCOMOTOR SYSTEM vol. 31, 2024, No. 1/ POHYBOVE USTROJI, ro¢nik 31, 2024, €. 1



Genetic counseling

Genetic counseling is an integral component of NF1 management, providing affected individuals
and their families with information about the inheritance pattern, recurrence risk, and available
testing options.

Diagnosis of NF1 is primarily based on clinical criteria. However, genetic testing is recommended
to confirm the diagnosis on molecular basis. The DNA analysis is particularly useful in cases where
clinical features are inconclusive or atypical.

Beside patients with typical NF1 features, clinical geneticists consult often children with café-au-lait
spots (Fig. 2a, 2b, 2c) and no other NF1 symptoms. According to literature 50% of children with spo-
radic NF1 younger than 2 years meet only a single criterion (1), usually café-au-lait spots. Therefore,
NF1 gene testing may lead to early recognition of NF1 in children following appropriate surveillance.

Fig. 2a, 2b, 2c:
Boy, 5 months old, cafe-au-lait spots
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If the causal NF1 variant has been identified in the child patient, genetic counseling and targeted
testing should be offered to proband’s relatives, who desire it:

1) If one of the proband’s parent is affected with NF1, targeted DNA analysis of causal variant in
NF1 gene should be performed to confirm the diagnosis on molecular basis. As the inheritance
is autosomal dominant, the risk that positively tested person will transmit the causal variant to
offsprings is 50%.

Even if both parents are without NF1 symptoms, targeted testing of causal variant in both par-
ents is recommended since mild and/or atypical forms are possible. If the unaffected parents
are tested negative, we assume de novo occurrence of the mutation in the proband. However,
germline mosaicism in one of the parent cannot be excluded, thus the recurrence risk of NF1 for
proband’s siblings has been up to 1%.

If one of the proband’s parent is patient with segmental NF1 risk to offsprings is not predictable
varying from 1 to 50%, depending on the degree of gonadal involvement.

N
—

w
=

Once the causal NFT variant has been identified, Preimplantation Genetic Testing for Monogenic
disease (i.e. PGT-M) and prenatal testing may be offered to individuals with NF1 who are considering
starting a family, allowing for informed reproductive decision-making and family planning.

CONCLUSION

Management of NF1 is multidisciplinary and aimed at addressing the diverse range of clinical
manifestations and complications associated with the disorder. Treatment modalities may include
surveillance for tumor growth and complications, surgical resection of symptomatic neurofibromas,
medical management of associated conditions and supportive care to address cognitive and devel-
opmental challenges. Chemotherapy with selumetinib (Koselugo) is considered for patients with
inoperable plexiform neurofibromas. It is believed that the NF1 diagnosis should include molecular
testing since it leads to early recognition of NF1 in children and allows for appropriate surveillance.
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ABSTRAKT

Vstiebatelné zdravotnické prostiedky prinaseji fadu vyhod, zejména v oblasti fixace tkani. Bézné
vyuzivané biodegradabilni polymery jsou vsak omezeny svymi nedostate¢nymi mechanickymi
vlastnostmi. Kovovy hoi¢ik vzbuzuje znacny vyzkumny zéjem diky lep3im vlastnostem v porovnéni
s polymery. Hoficik je navic chemicky podobny vapniku a jeho korozni produkty poskytuji dulezité
prvky jako Mg, Ca a P pro kostni remodelaci. Mechanické vlastnosti hoi¢ikovych slitin nedosahuji
hodnot nedegradabilnich kovi pouzivanych pro implantaty, ale jsou dostatecné pro urcité aplikace.
Absence nutnosti vyjmuti fixacnich prostiedkl po splnéni jejich funkce snizuje pocet chirurgickych
zakroku a zvysuje komfort pacientd. Pfesto je nutné pfi pouziti hofcikovych implantat postupovat
obezietné kvili limitacim, jako je tvorba vodikovych bublin a dlouhodobé ucinky legujicich prvka.
Tato prace predstavuje hoicik jako materidl pro vstrebatelné implantaty, diskutuje jeho omezeni
a popisuje soucasné a budouci vyuziti tohoto slibného materidlu.

Kli¢ova slova: hoi¢ik, zdravotnické prostiedky, fixace kosti, vstiebatelné implantaty

ABSTRACT

Resorbable medical devices offer several advantages, especially in tissue fixation. However, com-
monly used biodegradable polymers are limited by their insufficient mechanical properties.
Therefore, metallic magnesium has attracted significant research interest due to its chemical simi-
larity to calcium and its corrosion products, which provide elements such as Mg, Ca, and P for bone
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remodeling. The mechanical properties of magnesium alloys do not match those of non-degradable
metals used for implants, but they are adequate for certain applications. The absence of the need to
remove fixation devices after they have fulfilled their purpose reduces the number of surgical pro-
cedures and increases patient comfort. Nonetheless, careful consideration is required when using
magnesium implants due to limitations such as hydrogen bubbles and the long-term effects of
alloying elements. This work introduces magnesium as a material for resorbable implants, discusses
its limitations, and outlines the current and future use of this promising material.

Keywords: magnesium, biomedical devices, bone fixation, resorbable implants

uvoD

Biodegradabilni kovy, véetné hoic¢iku (Mg), zinku (Zn) a Zeleza (Fe), pfedstavuji slibnou skupinu
materialt pro vstiebatelné implantaty. Skutec¢nost, Zze se implantat po splnéni své funkce zcela
rozpusti, mGze pacientovi pfinést zna¢né vyhody. Tyto implantdty mohou eliminovat rizika
a naklady sekundarnich operaci (26) a vyrazné omezit komplikace, jako je napf. hypersenzitivita na
nikl, ktery se bézné v malé mife uvolfuje z nevstirebatelnych kovovych implantatd (14). Podobné
jako biodegradabilni polymerni materidly, které se Siroce pouzivaji jako Sici materidly a stenty, ma
pouziti hof¢ikovych slitin dlouhou historii, zejména pro podporu hojeni kosti (57). Vyhodny modul
pruznosti Mg slitin, srovnatelny s kosti, je dopInén tvorbou Mg-substituovanych fosfatt vapniku
jako koroznich produktd, které figuruji jako zdroj iont pro remodelaci kosti (1, 31). Pouziti malo
legovanych hoicikovych slitin vSak vede k vysokym koroznim rychlostem a tvorbé vodikovych
bublin, coz mlize omezovat proces hojeni (37). Kvili tomu je nemalé Usili vénovano hledani novych
legujicich prvkid pro Mg slitiny (35). Nicméné, mnoho materidlovych védcl se v oblasti implantatd
témito slitinami zabyva vyhradné pro jejich pfiznivé mechanické a korozni vlastnosti, aniz by brali
v Gvahu neznamé dlouhodobé Ucinky nékterych legujicich prvkl na lidské télo (27). Spoluprace
a diskuse napfi¢ obory je zde klicov4, nebot je nutné zvazit vsechny aspekty vyvoje nového
vstfebatelného zdravotnického prostiedku, jesté pfed snahou o jeho pfipadnou certifikaci.

Tato prace si klade za cil seznamit ¢tenare se zakladnimi vyhodami vstiebatelnych implantatt na
bazi hofciku a pfipomenout limitace, které se s nimi poji. Kde je to mozné, jsou predstavena mozna
reseni téchto limitaci. Prace také poskytuje stru¢ny prehled nejvice pouzivanych certifikovanych Mg
implantatd a diskutuje dalsi vybrané Mg prostredky, které jsou ve stadiu vyvoje.

VYHODY KOVOVYCH VSTREBATELNYCH IMPLANTATU

Absence sekundarnich operaci je nejvétsi vyhodou vstiebatelnych implantatt obecné. Tento fakt
nejen zvysuje komfort pacienta, ale také snizuje celkové vydaje na zdravotni péci, prestoze jsou
vyrobni naklady vstfebatelnych zdravotnickych prostifedkl vyssi (36). V dobé, kdy vstiebatelné
kovové Srouby jesté nebyly dostupné, proved| Juutilainen a kol. (21) studii na Sroubech zaloZenych
na polymerech, jako jsou napfiklad kys. polymlécna (PLA) a kys. polyglykolova (PLGA). Na pfikladu
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operacni terapie zlomenin hlezna zkoumal u celkem 140 pacientd naklady, véetné nasledné péce,
s vyuzitim Sroubt klasickych a téch vstiebatelnych. Pfestoze v té dobé nebyly dostupné vstiebatelné
fixacni dlahy, bylo vyuziti polymernich vstfebatelnych implantatd z hlediska celkovych nékladd na
péci zhruba o ¢tvrtinu vyhodnéjsi (21). Modernéjsi srovnani pro zlomeniny hlezna proved| May a kol.
(33), kdy vstiebatelné Mg Srouby byly vyuzity u 23 pacientll a u kontrolni skupiny 25 pacientl byly
vyuzity Ti Srouby. PfestoZe autor nesdéluje konkrétni Gspory, uvéadi, ze u Mg implantatl nebylo tfeba
pristupovat k jejich vyjmuti, kdezto u Ti implantat( byla explantace implantat(i provedena u 5 z 25
Zde byly vyuzity Ti Srouby (Fixos CS 3.5) a Mg Srouby (MAGNEZIX® CS 3.2) a byly zkoumény rozdily ve
vysledcich Iécby na vzorku 100 pacientl pro kazdy z material{. V této studii nebyl zjistén statisticky
vyznamny rozdil mezi pouzitymi materiadly z hlediska mechanické stability implantatd, hojeni ran
¢i vyskytu infekce. Nasledné zde autor k roku 2015 poskytuje odhad nédklad(i na operativni [é¢bu
hallux valgus ve Spolkové republice Némecko, vcetné nepiimych nakladl, kdy se k odstranéni
nevstiebatelnych implantatl pfistoupilo v 8 % piipadl. Pfi Uplném nahrazeni titanovych Sroubd
hoi¢ikovymi by v ramci Spolkové republiky Némecko roku 2015 doslo k tspore 11,9 milionl eur (23).

Na téchto nékolika piikladech Ize proléc¢bu onemocnénipohybového aparatu nastinit perspektivnost
vstfebatelnych Sroubl vyrobenych z Mg slitin. Pro jiné indikace nejsou prozatim odhady uspor
dostupné. Lze oviem predpokladat, Zze obdobny trend bude ¢asem pozorovatelny i pro méné
Casté indikace vstfebatelnych implantati na bazi Mg. Ve prospéch Mg implantatt mluvi predevsim
nepomérné vyssi nepfimé naklady sekundarnich operaci oproti zvy$enym vyrobnim a materialnim
nakladdim souvisejicim s Mg implantaty.

Lepsi tvarova stalost po implantaci je zasadni vyhodou vstiebatelnych implantatt na bazi kovi
oproti vstiebatelnym polymerdm. Z detailniho srovnani Seitze a kol. (44) vyplyva, ze hoicikové
materidly jsou z hlediska maximalni dosazitelné sily se soucasné vyuZivanymi vstiebatelnymi
novych vstiebatelnych stehl je mez kluzu, kterou maji kovové vstrebatelné implantaty vyrazné
vyssi. Obecné kovové implantaty pfi plsobeni sil lépe udrzuji tvar, coz ma pro fixaci kosti velky
vyznam, nebot se od sebe kostni fragmenty s degradaci kovovych vstiebatelnych fixaci nevzdaluiji.
Tento efekt je dale umocnén in vivo.

Ztréta tvarové stélosti vstiebatelnych polymer( po implantaci je spojena s jejich expozici vodnému
prostiedi lidského téla. Bézné vyuzivané biodegradabilni polymery, jako jsou kyselina polymlécna
(2), polykaprolakton (5) nebo polydioxanon (PDS) (40), degraduji hydrolyzou. Po implantaci
dochazi k relaxaci sil, které jsou tyto polymery schopny pfenaset. To bylo ukdzéno napfiklad pro
biodegradabilni stenty (6, 11). Tento efekt vede ke geometrickym zménam predevsim u indikaci,
které vyzaduji prenos relativné velkych sil (napfr. tahové cerklaze, fixace sterna). V tomto ohledu se
jevi draty z biodegradabilnich kov( pro fixaci kosti a stenty jako vhodnéjsi varianta.

Omezeni hypersenzitivity je vyznamnym benefitem vstfebatelnych kovovych implantatd, zejména
téch, které jsou vyrobeny ze slitin obsahujici pouze télu pfirozené prvky (napf. systémy slitin Mg-Zn
a Mg-Zn-Ca). Alergické reakce a hypersenzitivita na kovy jsou dobfe zndmé u niklu, pro néjz jsou ¢asté
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kontaktni dermatitidy (12). Pfestoze smérnice EU omezuji predméty uvolfujici pfili§ Ni v kontaktu
s pokozkou (51), nikl a dalsi kovy (Co, Cr, V, ...) jsou obsazeny ve vétsiné soucasné vyuzivanych
implantat (nerezova ocel, Nitinol, Co-Cr slitiny). Ackoli se jedna o implantaty nedegradabilni, pfi
kontaktu s dynamickym a chemicky aktivnim prostifedim lidského téla dochdzi k uvolriovéni iontd
téchto kovli do okoli. V ramci této problematiky existuje sSiroké odborna diskuse o souvislosti obsahu
nékterych kovl vimplantatech s komplikacemi viech béZzné pouzivanych typt kloubnich nahrad (34,
38) a dentélnich implantatl (46). Screening a testy na alergické reakce na kovy jsou tak doporuceny
nejen u komplikaci s vhojenim implantatd, ale i pfi vybéru materidlu pro kloubni nahrady u novych
pacientU (38). Pro vstiebatelné kovové implantéty problematika dlouhodobé hypersenzitivity ze své
podstaty odpadd, tedy je jejich vyuziti vhodné kdekoli je to mozné.

LIMITACE Mg IMPLANTATU A JEJICH MOZNA RESENI

Kontrola lokalizace koroze je zasadni podminkou pro Uspésné vyuziti vstfebatelnych kovovych
implantatd, predevsim téch na bézi hoi¢iku (41, 50). Lokalizované faze a necistoty obsahujici
prvky jako je zZelezo vytvéii na povrchu Mg implantatd korozni ¢lanky, které diky redepozici
koroznich produktl urychluji korozi. Hoche a kol. odhaduje, Ze v in vitro koroznim experimentu
mUze jedna Zelezna ¢astice o prdméru 1 pm pokryt diky korozi a nasledné redepozici zelezem az
0,05 cm? okolniho povrchu a urychlovat v této oblasti dalsi korozi (18). Proto je tieba obsah Zeleza
a dalsich prvkl v Mg, vykazujicich analogické chovani, kontrolovat. Jednim z moznych feseni této
problematiky je vyuzivani extrémné Cistého Mg, ktery je ovsem nakladny. Efektivnéjsim fesenim
je pouziti hof¢ikovych slitin obsahujicich prvky jako mangan a zinek, které jsou schopny na sebe
zelezo ve slitiné vazat (50, 58). Nicméné, lokalizovanou korozi mize zplsobovat také redepozice
koroznich produktd pfirozenych pro degradaci Mg v télnim prostiedi, jako jsou Mg(OH), a rdzné
fosfaty vapniku, vcetné téch Mg-substituovanych. Priklad lokalizace koroze in vitro a nasledné
redepozice koroznich produktl je pro tenky Mg-0.4Zn drat uveden na Obr. 1.

Obr. 1 Snimky z fadkovaciho elektronového mikroskopu: lokalizace koroze na Mg-0.4Zn dratu in vitro po expozici
v DMEM. a) celkovy snimek dratu s oblasti lokalizace koroze, b) detail okolni redepozice koroznich produkta.
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Obr. 1a znédzornuje tenky Mg-0.4Zn drat po expozici v Dulbeccové modifikovaném Eaglové
médiu (DMEM). Na povrchu je patrnad naleptana krystalova struktura a trhliny, které v korozni
vrstvé vznikaji jako artefakty pfi rychlé dehydrataci koroznich produktli souvisejici s pozorovanim
v fadkovacim elektronovém mikroskopu (SEM). Také je zde zachyceno misto lokalizované koroze,
zpUsobené pravdépodobné povrchovou nedistotou ¢i na Zelezo bohatou fazi. Detail vysledné
redepozice koroznich produktll je znédzornén na Obr. 1b.

Prace (50) doporucuje odleptani povrchu jako efektivni nastroj pro omezeni lokalizace koroze.
Nicméné i po odleptani je patrné, Ze taznost je z hlediska poklesu mechanickych vlastnosti in vitro
nejvice ovlivnénou vlastnosti. S navrhovanym odleptanim je tedy vhodné pro kovové vstiebatelné

tky Mg-0.4Zn dratu

Obr. 2 Vyskyt vodikovych bublin a jejich
interakce s koroznimi produkty a kostni
novotvorbou. a) SEM snimek fezu ptvod-
ni H, bublinou, kterd byla uzaviena koroz-
nimi produkty pfi degradaci v DMEM, b)
UCT snimek Mg-0.4Zn dratu zavedeného
skrz kortiku femuru potkana do intrame-
dulédrni dutiny po 1 mésici hojeni, c) pCT

bublin a zbytkd Mg-0.4Zn lanka po fixaci sternum miniprasete
sterna miniprasete po 1 mésici hojeni.
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implantdty vyuzivat rdznych povrchovych Uprav a povlakd, které lokalizaci koroze a néaslednou
redepozici koroznich produktl omezi (55, 61, 62). Také je tieba zminit, Ze mechanismy redepozice
koroznich produktt budou pro in vivo prostiedi jiné, nebot extracelularni matrix bude oproti
volnému kapalnému prostiedi in vitro testll snizovat dosah disperze téchto malych koroznich
produktll. To mize byt jednou z pficin pomérné velkych rozdild v rychlosti koroze mezi in vitro a in
vivo prostredim pfi degradaci kovovych vstiebatelnych implantatd.

Tvorba vodikovych bublin je specificka pro degradaci hofciku v télnim prostiedi. Prestoze existuji
prace, které ji vyzdvihuji jako moznou vyhodu pfi 1é¢bé onkologickych onemocnéni (Mg je vyuzit
jako zplsob dopraveni vodiku k nadorovym burikdam) (13, 60), z hlediska fixace kosti se jedna
predevsim o prekazku hojeni. To je zplsobeno preferencni nukleaci koroznich produktli na rozhrani
plyn-télni médium, které bylo pozorovano jak in vitro (49), tak in vivo (50). Vytvofené bubliny vodiku
lokaIné uzaviraji rozsahlé oblasti, které nejsou pfistupné burikdm. Na Obr. 2 jsou zndzornény
priklady vodikovych bublin souvisejicich s degradaci Mg, kdy Obr. 2a zobrazuje fez plivodni H,
bublinou uzavienou koroznimi produkty in vitro, Obr. 2b zobrazuje pomoci uCT degradovany
Mg-0.4Zn drat po 1 mésici ve femuru potkana (50) a Obr. 2¢ zachycuje vyraznou tvorbu vodiku
v okoli splétanych Mg-0.4Zn lanek. V tomto ohledu je tieba zminit, Zze po 2 mésicich od svazani
sterna vodikové bubliny u miniprasat pozorovéany nebyly. To je v souladu se zjisténimi jinych studii,
kdy se po del3i dobé od implantace H, bubliny vstfebaji (22, 28). Vodik tedy pfedstavuje komplikace
v pfipadech, kdy brani hojeni vytvorenim fyzické bariéry pro pohyb bunék. Je tfeba dbéat na to, aby
nedochézelo k vyrazné tvorbé vodiku (napf. pfi zvazovaném vyuziti poréznich Mg scaffold(l). Pokud
je objem vodiku vzhledem k télesné hmotnosti a schopnosti organismu ho lokalné odstrariovat
prilis velky, jsou oc¢ekéavatelné zavazné komplikace (37, 48). Omezeni tvorby vodiku Ize dosdhnout
vybérem vhodné slitiny, pomalejsi rychlosti degradace nebo funkénimi povrchovymi dpravami (42).

Horsi mechanické vlastnosti oproti jinym kovim jsou vyraznou nevyhodou kovovych
vstiebatelnych implantat oproti jejich nevstiebatelnym variantam. To omezuje mozné indikace,
pro které Ize tyto materidly vyuzit. Protoze je nemozné dosahnout materidlovych vlastnosti
nedegradabilnich kov(, vyvstavaji komplikace s certifikaci vstiebatelnych zdravotnickych prostiedka.
Napfiklad biodegradabilni slitina MAGNEZIX® je charakterizovana minimem mechanickych
vlastnosti: mez kluzu 260 MPa, mez pevnosti v tahu 290 MPa, prodlouzeni do lomu 8 % (43).
Oproti tomu titanové Srouby z bézné pouzivané biomedicinské slitiny Ti-6Al-4V mohou dosahovat
vlastnosti: mez kluzu 1130 MPa, mez pevnosti v tahu 1152 MPa, prodlouzeni do lomu 8,6 % (29).
Pomérné velké mnozstvi implantatd v lidském téle je nicméné vystavovano silam, pro které jsou
Mg implantaty dostatecné. Z biomechanického hlediska mohou byt titanové i hoicikové Srouby
srovnatelné, jak ukazali Wagner a kol. pro zlomeninu hlavice humeru (53). PfestoZe je neredlné
dosahnout vlastnosti titanu, materidlova véda neustale hled4 nové fyzikalni mechanismy, které by
bylo mozné pro zlep3eni uzitnych vlastnosti Mg slitin vyuzit (59).

Toxické ucinky nékterych legujicich prvka jsou problematické zejména pii nedostate¢né
komunikaci materidlovych védct s Iékafi a biology. Napfiklad hoicikové slitiny s obsahem hliniku
maji velmi dobré mechanické vlastnosti, které jsou detailné prozkoumany. Z materialového hlediska
by tak bylo vyhodné vyrébét vstiebatelné implantaty z Mg-Zn-Al slitin. Hlinik je ovsem prokazatelné
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neurotoxicky, tedy se pro vyrobu zdravotnickych prostfedkd, az na vyjimky, nevyuziva. Do jisté miry
je toxicka cela fada v implantatech bézné vyuzivanych prvkd (Co, Cr, Mo, Ni, Mn, V, Ag, Cu, ...) (3).
Dokonce i titanové slitiny mohou byt v tomto ohledu problematické, nebot i pres jejich pasivaci
dochazi k uvolnovani TiO, nanocastic z jejich povrchu. Ty se v organismu ukladaji a mohou ho
negativné ovliviiovat (45). U vstiebatelnych kovovych implantatu je tfeba brat v potaz, ze se do
organismu po case uvolni v celém svém objemu. Oproti pouhému vyluhovani legujicich prvki
z nevstiebatelnych implantatl se jedna o radové vyssi koncentrace, a je tedy nutné obsah toxickych
prvkd v Mg slitinach pro implantaty minimalizovat. To plati i pro moderni Mg-Li slitiny, nebot
lithium ma silny vliv na psychiku, a to i v mikro-davkach (47). Diskutabilni v tomto ohledu jsou také
prvky kovl vzacnych zemin (REE) a dal3i ¢asto vyuzivané legujici prvky (Y, Nd, Gd), které se v téle
bézné nevyskytuji a u kterych neni presné zndmo, jakym zptsobem dlouhodobé ovliviuji lidsky
které jsou v téle obsazeny ve vysokych koncentracich, Ucastni se metabolickych procesu a existuji
pro né télu pfirozené procesy jejich vylouceni (napf. Ca a Zn).

CERTIFIKOVANE A TEMER CERTIFIKOVANE ZDRAVOTNICKE
PROSTREDKY Z Mg

Tab. 1 uvadi typické priklady zdravotnickych prostiedkl z Mg, které byly klinicky testovany
na lidech nebo jsou dokonce jiz certifikovany. Nejvice pokrocilou aplikaci vstfebatelnych Mg
implantatd jsou osteosyntetické Srouby, které se vyuzivaji pro Sirokou $kalu indikaci. Plaass a kol.
(39) porovnali hoi¢ikové a titanové Srouby pro chirurgickou korekci hallux valgus, s dobou sledovani
3 roky. V préci nebyl zjistén rozdil v klinickych vystupech mezi obéma materiély, coz Ize povaZzovat
za pozitivni. Hof¢ikové Srouby se pIné vstrebaly, nicméné ani po trech letech nedoslo k uUplné
remodelaci kosti. Dal3i dvé studie, také s vyuzitim Sroub( ze slitiny MAGNEZIX®, sledovaly vystupy
po jednom roce u jinych indikaci (7, 24). Také u téchto studii nebyly pozorovény zadné negativni
efekty. May a kol. (33) vyuZil kompresniho Sroubu RemeOs™, ktery oproti prostiedkiim na bazi
slitiny MAGNEZIX® obsahuje pouze biogenni prvky (Mg, Ca, Zn), s analogickymi zavéry jako studie
predeslé. Zda se tedy, Ze osteosyntetické Srouby z Mg slitin mohou byt vyhodné vyuzity pro celou
fadu indikaci. Je oviem nutné dbat na to, aby byly dodrZzeny vyrobcem doporucené postupy, nebot
horsi mechanické vlastnosti Mg slitin kladou u sroub vyssi naroky na vlastni proceduru implantace.
Prestoze existuje jen omezené mnozstvi studii u pacientd s nedokon¢enym vyvojem skeletu, Baldini
a kol. (4) diskutuje 14 rdznych zdkrokl na détech s vyuzitim vstiebatelnych implantatd. V rdmci jeho
vyhodnoceni nebyly u téchto pacientli pozorovany komplikace. Otevira se zde tedy zajimava oblast
vyuziti Mg implantatll pro déti a pacienty se sirokou Skalou vrozenych i ziskanych rdstovych vad,

Dalsi rozvinutou oblasti vyuziti Mg jsou tenké membrany pro augmentace alveolu celisti (8).
Prestoze souvisejici studie pfindsi zajimavé vysledky, je z nich patrnd nedostate¢na mezioborova
komunikace. V ramci membrén je Uspésné vyuzivan cisty hofcik, kdy nizkolegované slitiny by
dozajista pfinesly lepsi uzitné vlastnosti. Augmentace llzka po extrakci zubu (10) je jednim
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z prikladd uspésného vyuziti Mg-substituovaného hydroxyapatitu. Posledni hlavni klinicky
testovanou kategorii Mg implantatu jsou vstiebatelné kovové stenty. Jedna se o velmi exponované
prostredi, kdy jsou na material kladeny vysoké naroky. Tousek a kol. (52) vyhodnotil, Ze certifikovany
koronarni stent Magmaris’ nedosahuje srovnatelnych vysledkd v porovnani s nevstiebatelnym
koronarnim stentem Xience™. Haude a kol. (16) prospektivni klinickou studii bez kontrolni skupiny
srovnal stent Magmaris® s novou generaci stentu Freesolve™ od stejného vyrobce s konstatovanim,
Ze i nova generace je vhodnd a bezpecnd pro pouziti a mlze konkurovat nevstfebatelnym
stentlm a stentlm na bazi polymerd. Rozdilné zavéry téchto a dalsich studii indikuji, Ze vyuziti
Mg slitin pro koronarni stenty je mozné, nicméné je tfeba se stale vénovat jejich zlepSovani,
predevsim z materialového hlediska. Je mirné zarazejici, Ze novy systém Freesolve™ vyuziva Mg
slitinu s pomérné vysokym obsahem hliniku (~ 6 hm.%), pfestoze se od hliniku ve vstfebatelnych
implantatech obecné ustupuje.

Publikace Typ studie Mg vyrobek Mg material Aplikace

(39) randomizovana osteosynteticky kompresni Mg + Y, Nd, Zr chirurgicka korekce
Plaass a kol. klinicka studie $roub MAGNEZIX® CS hallux valgus

(7) kazuistika osteosynteticky kompresni Mg + Y, Nd, Zr fixace fraktury
Biber a kol. $roub MAGNEZIX® CS hlavice humeru
(24) série kazuistik osteosynteticky kompresni Mg + Y, Nd, Zr fixace fraktury
Leonhardt $roub MAGNEZIX® CS mandibularniho
a kol. kondylu

(33) retrospektivni osteosynteticky kompresni Mg + Y, Nd, Zr fixace fraktury
May a kol. komparativni studie $roub MAGNEZIX® CS medialniho maleolu
(17) série kazuistik osteosynteticky kompresni Mg + Ca, Zn fixace fraktury

Herber a kol.

Sroub RemeOs™

medialniho maleolu

(8) série kazuistik membrana NOVAMAgG® + membrana: Mg augmentace alveolu
Blaskovi¢ fixacni Srouby NOVAMAgQ® XS Sroub: Mg + Y, Zn, dolni ¢elisti
a kol. Mn, potazen MgF,
(10) randomizovana kostni augmentat SINTlife” magneziem obohaceny augmentace lizka
Canullo akol.  klinickd studie hydroxyapatit po extrakci zubu
(Mg-e HA)
(52) randomizovana cévni stent Magmaris® patentovana slitina koronarni arterie
Tousek a kol. klinicka studie (Mg + REE) s povlakem
BIOlute® (PLA +
sirolimus)
(16) prospektivni klinickd  cévni stent Freesolve™  slitina BIOmag® (Mg +  koronarni arterie
Haude a kol. studie bez kontrolni Al) s povlakem BIOlute®
skupiny (PLA + sirolimus)

Tab. 1: Priklady certifikovanych a témé¥ certifikovanych zdravotnickych prostifedkd z Mg pro rtizné indikace.
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DALSi ZVAZOVANE INDIKACE

V této kapitole v Tab. 2 bez hlubsiho komentéfe uvadime vybrané preklinické studie, které se vénuji
perspektivnim implantdtim na bazi Mg slitin. Jedna se o Siroké portfolio produktt od minidlah,
pres spinal cage, az po draty pro regeneraci nervd. Jiz z tohoto neuplného vyctu je patrné, ze ve
svété existuje snaha Mg implantaty vyuzit pro Siroké spektrum moznych indikaci. V rdmci odborné
diskuse v CR by tak bylo vhodné spole¢né hledat mozna vyuziti Mg implantatG tak, abychom se
vyzkumu a vyvoje inovativnich feseni v tomto oboru mohli aktivné ucastnit.

Publikace Animalni model Mg implantat Mg material Aplikace

9) pes osteosynteticka minidlaha Mg + Y, Nd, Zr fixace Le Fort |

Byun a kol. a Srouby osteotomie

(19) miniprase osteosyntetické minidlahy Mg + Y, Nd, Zr fixace osteotomii:

Imwinkelried rdzné délky a Srouby s plasma- horni hrany

a kol. elektrolytickym orbity, mandibuly,
povlakem zygomatického

oblouku, zeber

(32) ovce intrameduldrni hieb Mg + Zn, Ca aplikace do tibie (bez
Marek a kol. osteotomie)

(20) mys$ intramedularni hieb Mg + Ag fixace osteotomie
Jahn a kol. femuru

(15) koza spinal cage Mg ACDF u obratld C2/C3
Guo a kol. a C4/C5

(54) miniprase spinal cage Mg + Mg-fosfatovy LDF u obratlli L3/L4
Wang a kol. cement aL4/L5

(30) kralik jicnovy stent Mg slitina s vrstvou osetfeni jicnového
Liu a kol. PLGA + paclitaxel zuzeni

(25) potkan drat Mg + Al, Zn regenerace periferniho
Li a kol. nervu

Tab. 2: Preklinické studie s perspektivnim vyuzitim Mg slitin pro implantaty, ACDF = anterior cervical discectomy and
fusion, LDF = lumbar discectomy and fusion

ZAVER

Zavérem této prace lze fici, Zze hoi¢ikové vstfebatelné implantaty predstavuji inovativni a slibny
material pro Iékaiské aplikace, zejména v oblasti fixace kosti. Diky svym biologickym a mechanickym
vlastnostem nabizi hoic¢ik vyhody oproti tradi¢nim biodegradabilnim polymerdm, jako je lepsi
tvarova stalost a pfirozena kompatibilita s lidskym télem. Vyznamnou vyhodou je také eliminace
potreby druhé operace k odstranéni implantatu, coz snizuje rizika spojend s chirurgickymi zakroky
a zvysuje komfort pacienta. Na druhé strané, pouziti hof¢ikovych implantdtd neni bez rizik
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a omezeni. Mezi hlavni vyzvy patfi kontrola koroze a tvorba vodikovych bublin. Také bude nutné
pristoupit k mezioborovému vyzkumu, ktery se bude zamérovat na plné pochopeni dlouhodobych
uc¢inkd horc¢ikovych implantatd na lidské télo. Prestoze jsou hofcikové implantaty doposud
vyuzivany zfidka, pfi adekvatnim a rigoréznim vyzkumu a vyvoji mohou v budoucnu zlepsit kvalitu
Zivota mnoha pacientd.

Podékovani

Préce byla podpofena projektem CVUT v Praze: SGS22/186/0OHK4/3T/14.
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SUMMARY

In this case report, we demonstrate a 26.5-year-old female patient with hypophosphatemic rickets.
The diagnosis was made at 2 years of age. Conventional medical treatment was instituted from
2 years and 9 months. (Rocaltrol and Neutra phos and phosphate solution, respectively). The varus
deformities of the tibiae were partially corrected with flexion-preloaded orthoses, which were used
intermittently at night from 20 months to 7 years of age.

At 8 years of age, anterolateral curvature and varus deformity in the distal third of both tibias
were addressed by two-level tibial osteotomy and intramedaullary fixation according to Kiintscher.
Remodeling of the ostetomies of both tibias was demonstrated by X-ray examination 5 months after
surgery. The planned operation for residual varosity of the left tibia at the end of the growth period
was not performed due to the disagreement of one of the parents.

The current aim of the communication is to verify the transient compensation of calcium-phosphate
metabolism by the effect of 6 months of administration of the drug burosumab (Crysvita) and to
document the favourable healing of the corrective osteotomy of the tibia, which was performed at
the age of 25 years at the patient’s request (after the approval of the extraordinary reimbursement of
the treatment with burosumab according to §16 of Act No. 48/1997 Coll., on public health insurance).
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Burosumab reduces FGF23 activity, thereby reducing the loss of phosphate into the urine. A sec-
ondary consequence is compensation of calciophosphate metabolism and in this case positive
effect on bone mineralisation and bone healing of osteotomy, which is significantly impaired and
prolonged in adulthood with a risk of pseudoarthrosis.

Keywords: hypophosphatemic rickets, X-linked hypophosphatemia (XLH), lower limb deformi-
ties, conventional therapy, orthotic and surgical treatment, human monoclonal antibody IgG1/
Burosumab-twza, bone metabolism, bone healing in children and adults.

INTRODUCTION

Hereditary hypophosphatemic rickets is caused by mutations in various genes involved in the regu-
lation of renal phosphate reabsorption (PHEX, FGF23, DMP1, ENPP1, CLCN5,) (Rafaelen et al. 2013,
Spranger et al. 2018, Unger et al. 2023). The most common is the X chromosome-linked form,
hypophosphatemic rickets (XLH).

This is a rare, severe genetic disease caused by inactivating mutations on the PHEX gene (phos-
phate-regulating gene with homologies to endopeptidases on the X chromosome) (Chesher et
al. 2018). It is classified in group 27 called Disorders of bone mineralization according to GENETIC
BONE DISORDERS NOSOLOGY: 2023 REVIEW (Unger et al. 2023).

The incidence of XLH (MIM No. 307800) is 3.9 per 100,000 live births. The prevalence ranges from
1.7 per 100,000 children to 4.8 per 100,000 persons (children and adults) (Beck-Nielsen et al. 2009).

XLH inheritance is X-linked dominant. However, approximately 20-30% of XLH cases are due to
spontaneous mutations (Rasmussen and Tenenhouse 1995, Marik et al. 2022).

Pathogenesis and clinical manifestations. XLH is characterized by hyperphosphaturia, hypophos-
phatemia, and defective bone mineralization (Burnett et al. 1964; Imel et al. 2005; Spranger et
al. 2018). The underlying cause of hypophosphatemic rickets (XLH) is elevated fibroblast growth
factor 23 (FGF23), which causes increased urinary excretion of phosphate and decreased production
of 1,25-dihydroxyvitamin D /1,25(0H)2 D (Imel et al. 2005, Beck-Nielsen et al. 2019). Due to hypo-
phosphatemia, bone mineralization is impaired (Tiosano and Hochberg 2009).

In children, rickets and osteomalacia develop. Both rickets and osteomalacia lead to impaired
growth, deformities mainly of the lower limbs and spine and impaired mobility of the affected indivi-
dual. There is an increased incidence of cranial synostosis and Chiari | malformation (Rothenbuhler
et al. 2019). /n adulthood, XLH manifests as osteomalacia due to chronic hypophosphatemia.
Patients suffer from bone and joint pain as well as frequent so-called reconstructive fractures (fatigue
fractures, pseudofracture (Shore et al. 2013, Marik et al. 2022). Joint pain is often polyarticular,
mainly affecting hips, knees and ankles, often with signs of osteoarthritis (Reid et al. 1989; Beck-
Nielsen et al. 2010). Adult patients also have a range of complications including non-traumatic

62 | LOCOMOTOR SYSTEM vol. 31, 2024, No. 1/ POHYBOVE USTROJI, ro¢nik 31, 2024, €. 1



fractures, joint flexion stiffness, tendon mineralisation, osteoarthritis and recurrent dental abscesses
(Beck-Nielsen et al. 2010; Carpenter et al. 2011; Chesher et al. 2018; Spranger et al. 2018).

In addition, many patients suffer from muscle dysfunctions due to impaired muscle phosphate
metabolism and also muscle imbalances due to impaired lower limb mechanical axis (Reid et al.
1989, Carpenter et al. 2011, Veilleux et al. 2012). In men, skeletal impairment is more severe
(Hardy et al. 1989). The severity of impaired calciophosphate metabolism tends to be variable,
even within a single family. It is manifested by reduced capacity - functionality of the musculoskele-
tal system. Patients are affected by reduced mobility and fatigue with significant impact on activities
of daily living, have difficulty completing education and have problems with employment (Beck-
Nielsen et al. 2010, Che et al. 2016).

CONVENTIONAL TREATMENT

Conventional treatment consists of a combination of oral phosphate and vitamin D analogues.
A review article on the diagnosis and treatment of XLH published by Carpenter et al. (2011) cites
several peer-reviewed publications on the conventional treatment of paediatric patients with XLH
(Glorieux et al. 1980; Harrell et al. 1985; Verge et al. 1991; Costa et al. 1981; Rasmussen et al.
1981). These are mainly individual and pooled case studies and retrospective studies. The current
status of diagnosis and treatment is reviewed by Cardenas-Aguilera et al. (2024).

However, an exact evaluation of the benefits and risks of this treatment has only recently begun
to emerge, compared with new more effective therapies (Dodamani et al 2024). Conventional
treatment has already led to a reduction in radiological signs of rickets (Thacher’s total rickets seve-
rity score) and deformities (RGI-C scale), but the efficacy was not sufficient. Chesher et al. (2018)
followed 59 adult patients (17-79 years) who were treated with conventional therapy. Twenty-seven
of these patients (45.8%) had undergone osteotomy or corrected growth using a staple fixation sys-
tem in their lifetime (Horn et al. 2017, Novais and Stevens 2006), two patients had bilateral knee
replacements, and two patients had hip replacements. Dental abscesses occurred in 24 patients
(41%), and the other most common problems included dental caries and missing teeth.

It is very well known that conventional treatment does not adjust the small stature of patients. Even
in patients who respond to standard treatment, severe growth failure occurs in 25-40% of cases,
leaving patients with a final height below -2 SD (Linglart et al. 2014; Zemkova et al. 2021).

In addition to the lack of efficacy of conventional treatment, adverse events (gastrointestinal
symptoms such as: diarrhea, abdominal pain) and risks should also be pointed out. Among
the most serious are nephrocalcinosis and hyperparathyroidism (Scheinman et al. 2018).
Nephrocalcinosis develops in up to 80% of XLH patients treated with conventional therapy. Its
severity correlates closely with the dose of phosphate (Carpenter et al. 2011; Taylor et al. 1995).
Another side effect of conventional therapy is secondary (SHP) or tertiary (THP) hyperparathy-
roidism (Scheinman et al. 2018; Tournis et al. 2011).
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The controversial topic is therefore conventional treatment in adulthood after growth has ceased.
Various authors agree that conventional treatment is indicated in the presence of symptoms. Routine
administration of treatment in asymptomatic adults is not recommended (Haffner et al. 2019,
Linglart et al. 2014; Cardenas-Aguilera et al. 2024). Re-initiation of treatment is considered in the
presence of active osteomalacia or associated conditions, and during pregnancy and lactation.

In 2018, the U.S. Food and Drug Administration (FDA) approved Crysvita (burosumab-twza, a human
IgG1 monoclonal antibody against FGF23) for the treatment of adults and children aged 1 year and
older with X chromosome-linked hypophosphatemia (XLH). Later, burosumab was approved by The
European Medicines Agency (EMA) for the treatment of XLH rickets for European Union countries.

New drug Crysvita (burosumab) is available in the Czech Republic from 2019. It is a recombinant
human monoclonal antibody (IgG1) that binds to fibroblast growth factor 23 (FGF23) and inhibits its
activity. Burosumab increases tubular reabsorption of phosphate in the kidney by inhibiting FGF23,
thereby increasing serum 1,25-dihydroxy-vitamin D concentrations. It is indicated for the treatment
of X-Linked Hypophosphataemia (XLH) with radiographically proven bone disease in children aged
1 year and older and in adolescents with growing skeletons. The recommended initial dose is 0.8 mg
of burosumab per kg body weight given every two weeks. The maximum dose is 90 mg (Crysvita SPC).

In the last agreement with the General Health Insurance Fund of the Czech Republic it was deter-
mined that burosumab can be used: 1. in case of severe intolerance to conventional therapy; 2. if
conventional therapy for more than one year is not effective (no improvement in growth deficit;
Rickets Severity Score decreases by less than 0.5).

Treatment with burosumab in pediatric patients with XLH aged 5-12 years significantly improved
tubular phosphate reabsorption and serum phosphorus levels, which corresponded with a reduc-
tion in rickets severity. The healing of rickets also likely contributed to improved growth and physi-
cal activity in patients (Carpenter et al. 2018). The difference from conventional treatment is signifi-
cant (Dodamani et al. 2024; Imel et al. 2017, 2021; Olivotto et al. 2024). Adverse events have not
yet been observed. First experiences from the Czech Republic have been published in case reports
(e.g. Flogelova 2021; Maratova and Sumnik 2021). In newly diagnosed patients, burosumab is
recommended as first choice treatment before phosphate and vitamin D (Scheinman et al. 2018).
However, for economic reasons, conventional treatment is usually started and burosumab is swit-
ched to in children if it is insufficiently effective or poorly tolerated (Cardenas-Aguilera et al. 2024).

Burosumab is also the treatment of choice for adults with XLH in the treatment of fractures,
corrective osteotomies, stress fractures and hyperostosis and other bone damage due to metabolic
bone disease (Scheinman et al. 2018). Lafage-Proust (2022) presents a comparison of burosumab
and convalescent therapy in adults based on a randomised 24-week placebo-controlled trial follo-
wed by an equally long study with burosumab (dose 1 mg/kg/4 weeks) in 134 adults with XLH.
During treatment with burosumab, 94% of patients experienced normalisation of serum phosphate
compared with 7% in the placebo group. Fracture healing increased 16.7-fold compared to placebo-
-treated patients. All pain and disability tests improved in a time-dependent manner. Burosumab at
48 weeks improved histological lesions of osteomalacia in a single-arm longitudinal study analyzing
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paired bone biopsies. No hyperphosphatemic episodes were detected. Overall, the benefit-risk
ratio of burosumab in adult patients with clinical and/or biological complications of XLH is positive.
Treatment with burosumab will undoubtedly also prevent the adverse effects of conventional vita-
min D3 and phosphate therapy, namely nephrocalcinosis and hyperparathyroidism (Haffner et al.
2019; Portale et al. 2019; Lafage-Proust 2022; Brandi et al. 2022; Marik et al. 2022), as recent
work has already shown (Olivotto et al. 2024; Dodomani et al. 2024).

The aim of our case report was to present the results of conventional and orthopaedic treatment
in a patient with XLH and to verify the transient compensation of calcium phosphate metabolism
(normalization of hypophosphatemia) by the effect of 6 months of burosumab (Crysvita) administ-
ration and to document the favorable healing of a corrective osteotomy of the left tibia, which was
performed in adulthood at the patient’s request.

CASE REPORT

History

The patient was born to unrelated parents (23 and 37 years old). Family history was not significant
from genetic point of view. The child is from the mother’s 2" pregnancy (the first pregnancy ended
as a miscarriage). Delivery due to maternal hypertension was induced 2 days after term, breech posi-
tion, not crossed, b.w. 3200 g, b.l. 50 cm, icterus not detected. From 2 weeks of age she was taking
vitamin D (Vigantol gtt.). Prevention of hip development was normal. Psychomotor development
was not delayed. She walked independently at 10 months. At 13 months, due to suspicion of rickets
(wide wrists, ankles, rachitic rosary, crura vara bil.) she was hospitalized at the Children’s Clinic in
Brno with the conclusion of rickets (X-ray of the left hand - cup-shaped enlargement of the distal
metaphysis of the radius and ulna, low serum phosphorus level and high value of total alkaline
phosphatase /ALP/). Parenteral administration of Calciferol injection (300 000 I.M.) had no effect on
the values of biochemical markers in blood serum (phosphorus and ALP).

At the age of 2 years, the diagnosis of hypophosphatemic rickets was made, which was sub-
sequently confirmed at the age of 25 years by molecular genetic testing. DNA analysis revealed
missense pathogenic variant c.1601C>T (p.Pro534Leu) in the PHEX gene in a heterozygous state.
This variant has already been detected in patients with XLH. It has also been observed to segre-
gate with disease in related individuals. Since both parents of our patient do not show symptoms
typical for XLH, we presume de novo occurance in the patient. Conventional treatment was started
at 2 years and 9 months (Rocaltrol cps. 0.25 ug /3x1/ and Neutra Phos /1 sachet divided into three
doses/, later replaced by phosphate solution 3 ml 5 times a day). Conventional treatment and bio-
chemical monitoring was conducted in cooperation with Prof. MUDr. J. Zeman, DSc. (Department of
Child and Adolescent Medicine, 15t Medical Faculty, Charles University in Prague). Despite the above
mentioned therapy, serum phosphorus values were repeatedly low and total alkaline phosphatase
high, calcemia and calciuria were normal. Between 2007 and 2011, i.e. from 9 to 13 years, conventi-
onal treatment was discontinued due to family non-cooperation.
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Fig. 1a. growth chart of our proband in comparison with Czech standards (2001) (Zemkova a Mafik 2021).
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Fig. 1b. body height (SDS) - comparison with mean growth curve of our group of XLH children (Zemkova a Mafik
2021).
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Development of disproportions of patients with hypophosphatemic rickets

SDS Sitting height/subischial leg length (SDS)

—e— mean @ case age
Fig. 1c. development of relation of sitting height to subischial leg length (SDS); comparison with our group of XLH
children) (Zemkova a Mafiik 2021).

Phenotype of the patient - see Fig. 1-6.

The growth parameters and proportionality during growth were consistent with the diagnosis —
Fig. 1a-c: mild short stature (-2.1 SD) - a, b; Shortening of the lower extremities was within the
variability limits of Czech patients with hypophosphatemic rickets - c. Discontinuation of treatment
resulted in growth retardation compared to the mean value of Czech patients (Zemkova a Mafik
2021) - see b.

The orthopaedic treatment took place at the Centre for Defects of Locomotor Appartus in Prague.
From the age of 2 years, she was treated for varosity of the tibiae with preloaded orthoses (intermi-
ttent application for 10 h overnight) with good correction of varosity in the knees - see Figs. 2a-e,
3a-d. However, with growth, progression the tibial varosity in the supramalleolar region was
observed with radiographically detected overgrowth of the distal ends of the fibula-see Fig. 3c. At
4 years, fibula resection was performed in the distal % with 15 mm shortening and additional new
braces were applied to correct varosity in the supracondylar region of both femurs - see Fig. 4a-d.
However, these were no longer tolerated and treatment was discontinued at 7 years. At the age
of 8 years, due to anterolateral curvature and varosity in the distal third of both tibias, a two-level
osteotomy of both tibias, osteotomy of the fibula in the distal quarter and intra-articular fixation of
both tibias with Kiintscher nails were performed (at the orthopaedic-traumatology department of
the hospital in Pribram). Healing of ostetomies of both tibias was demonstrated by X-ray examina-
tion in 5 months. Klintscher nails were extracted at 9.5 years.

Text continues on page 74
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Fig. 2a-e. a. phenotype of a girl at 2 years with varosity of the knees and shanks; b. intercondylar distance in lying
5 c¢m; c. orthoses of lower limbs with bending pre-stressing; correction of varosity is at the level of the proxoimal tibia;
d. X-rays of shanks and left hand at 20 months. Tibio-femoral angle is bilaterally about -28°; flaring of metaphyses
at knee joint areas, varosity and cupping of the distal tibia metaphyses; overgrowth of fibula bilaterally; e. rachitic
changes on the hand. The cortical thinning of the metacarpals and phalanges, slightly cupped distal metaphysis of
ulna and radius.
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Fig. 3a-d. a. standing lower limbs from the back of a girl at 3 years, see short upper limbs, intercondylar distance
4 cm, in supine position it was 3 cm; b. new lower limb braces with flexion preload in frontal plane; c. standing
lower limb tele-radiograph: tibiofemoral angle right/left is 3°/4°; note the bilateral varosity of the femoral necks,
bilateral varosity of the supracondylar and supramalleolar areas, marked overgrowth of the distal ends of both fibu-
lae, enlargement of the zone of provisional calcification and metaphyses, and cup-shaped distal tibial metaphyses;
d. ventral bowing of the tibia and typical rachitic changes.
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Fig. 4a-d. a. lower limbs from behind in standing position in a girl at the age of 5 years, intercondylar distance
2.8 cm, lying down 2.5 cm; b. internal tibial torsion approx. 5°% c. fitting of lower limbs with new orthoses with preload
in the frontal plane after fibula resection in the distal 1/3 with shortening (performed at the age of 4 years; note that
the correction of varosity is at the level of the supracondylar region; d. tele-radiography of the lower limbs in standing
at 5.3 years: tibiofemoral angle right/left 5°/6°; varosity of both lower limbs is similar to that at 3 years, but rachitic
changes are less pronounced. The shortening osteotomy of the distal fibula is completely remodelled bilaterally, but
overgrowth is again present.

70 | LOCOMOTOR SYSTEM vol. 31,2024, No. 1/ POHYBOVE USTROJI, ro¢nik 31, 2024, ¢. 1



Fig. 5a-e. At 8 years of age, corrective osteotomy of both tibias was performed for anterolateral curvature and
varus in the distal third of both tibias: a. mild rachitic changes on left hand radiograph, bone age is delayed; b, c.
teleroentgenogram of the lower extremities in AP projection in standing and lateral projection images of both tibias
5 months after surgery show very good remodeling of the two-level osteotomy of both tibias (fixed with Kiintscher
nails) and the fibula in the distal quarter; mild rachitic changes are present in all images; d, e. (next page) Anterior
and posterior photographs of the lower limbs in standing position document, in agreement with the standing radio-
graph - see b, shortening of the right lower limb by 1 cm and varosity of the left knee joint predominantly in the
supracondylar region of the left femur.
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Fig. 5a-e. At 8 years of age, corrective osteo-
tomy of both tibias was performed for antero-
lateral curvature and varus in the distal third of
both tibias: d, e. Anterior and posterior photo-
graphs of the lower limbs in standing position
document shortening of the right lower limb
by 1 cm and varosity of the left knee joint
predominantly in the supracondylar region of
the left femur.
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Fig. 6a-d. Phenotype of a 14-year-old girl: a, b. front and back standing.
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evident in the left knee area. The inner condyle of the left femur deviates 4 cm from the vertical, the right 2 cm.

At the age of 13 years and 3 months, at a bone age of 11.5 years for residual varosity of the proxi-
mal tibia of the left lower extremity, the girl was indicated for lateral drilling hemi-epiphysis in the
left knee region. However, the remnant growth in the knee region was much lower than would be
consistent with bone age, and menarche developed soon after surgery. Therefore, the operation
did not have the expected effect. The planned valgus and external rotation osteotomy of the left
proximal tibia was not performed due to the disagreement of one of the parents. The phenotype of
the patient at 14 years of age is shown in Fig. 6a-c.
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Fig. 7a, b. Before surgery at 24 years of age varosity of
the knees and internal rotation of the left tibia: a. On the
left, the medial femoral condyle deviates 4 cm from the
vertical; on the right, the medial femoral condyle deviates
1 cm; b. the external rotation of the right tibia is 3°, the
internal rotation of the left tibia is 13.5°.

At the age of 24, the patient presented for a follow-up examination with a request to perform
a surgery planned in childhood. After graduating from secondary vocational school, the patient
works as a teaching assistant in Turnov. She is studying at the University of Technology in Liberec,
specializing in social pedagogy. She is involved in firefighting.

She complains of pain in both knees after heavy loads, a wobbly gait with limping on the left lower
limb and increased fatigue, which limits her in normal activities. She reports no problems with her
dentition. She is bothered by a deformity of her left tibia.
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Fig. 8a, b. X-ray of both tibias and knees in anteroposterior projection — 24 years old - before surgery: left tibio-
femoral joint inclination is 8° right articular slot is horizontal; varosity of the proximal dia-metaphysis of the left tibia
is 5° slight varosity in the distal 1/3 of the diaphysis of the femur bilaterally, more to the left. The articular slot of the
talocrural joints are laterally varus - see a, more so on the left. Fine growth strips, so-called Harris lines, are shown on
the condyles of both tibias medially.

The patient reached a body height of 149 cm (-2.9 SD), weight 52.6 kg, BMI 23.7. Sitting height
86.5 cm (-0.5 SD), significant shortening of the limbs: subischial length of lower limbs 62.5 cm
(-3.6 SD), length of upper limbs 64.1 cm (-2.3 SD), arm span 155.5 cm. The gait is wobbly, squatting
on the whole foot, rising without rebound. Asymmetric varosity of the tibiae is shown in Fig. 7a . In
the hips, internal rotation of the right/left is 60°/70°, external rotation of the righ/left 30°/20°. The
asymmetric torsion of the tibiae is shown in Fig. 7b. X-ray of both knees and tibiae shows Fig. 8a, b.

The pelvis is horizontal when standing, more inclined forward. The spine does not deviate, it develo-
ps smoothly in flexion, forward bend - the fingers of the hands on the ground. When extending lying
on the stomach, the thoracic region develops less. The cervical spine is mobile without restrictions
in the examined components of movement.

Abdominal and renal ultrasound (11.8.2022) was normal and showed no calcifications, lithiasis,
congestion or nephrocalcinosis.

DEXA densitometric findings were within the average of the young adult norm, above the average
age norm. Bone mineral density (BMD) in the lumbar spine is inhomogeneous, overestimated by
degenerative changes.
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Medication, surgery and post-operative course

The first author of the paper, based on his own experience with conventional and surgical treatment
of 29 patients with XLH rickets and recent literature findings, conditioned the planned elective
corrective surgery of the patient’s left tibial deformity on the necessary normalization of the calci-
ophosphate metabolism disorder and skeletal remodeling by the application of the drug Crysvita
(bursumab).

The health insurance company approved the required treatment for a period of 6 months.

Burosumab (Crysvita inj. 30 mg in 1 mL) was administered 3 weeks prior to elective surgery
(12.10.2023). The last application was on 21.3.2024. No adverse effects were observed after the
application.

Biochemical examination was performed before and after surgery at the Institute of Rheumatology,
Department of Clinical Biochemistry and Haematology, Prague 2. The values of the monitored bio-
chemical markers before the introduction of treatment, during the 6-month treatment period and
after discontinuation of treatment are shown in Table 1.

On 6.11.23 in the Regional Hospital in Pribram, a planned operation was performed - osteotomy
of the left tibia and fibula in the proximal diametaphysis of the tibia with 10° valgus and 15-20°
external rotation of the peripheral fragment, internal fixation of the LCP with an eight-hole splint.
Postoperatively, the left lower limb was fixed with a rigid orthosis (20° semiflexion). Surgery and
postoperative course was without complications. She was discharged on the third day after surgery.

Marker P ALP whole CTX PINP Osteocalcin ALP bone Calcidiol Calcitriol

reference values 0.81-1.45 0.8-1.74 0.148-0.967 15.13-58.59 6.5-42.3 5.5-24.6 50.0-200 47.76-190.32

units mmol/I pkat/I ug/I ug/I ug/1 ukat/I nmol/I pmol/I

date of samplig

08.08.2022 0.63 331 1.32 165.8 38.7 66.7 87.3 125
16.08.2023 0.56 298 12 1728 547 142
23.11.2023 0.82 3.52 2.18 199.8 46.9 66.7
21.12.2023 0.92 3.16 1.71 252 411 53.2 53.2 79.7
25.01.2024 0.84 2.67 1.14 204.1 36.4 48.8 77 111
22.02.2024 0.88 2.50 1.56 215 39 475 75.7 126
21.03.2024 0.84 243 133 222.50 34.80 47.40 62,0 140.00
30.05.2024 0.55 2.73 1.09 110.00 28.30 57.40 59.70

29.08.2024 0.45 3.10 0.632 114.00 36.8 57.0 90.5

Table 1. Comparison of selected biochemical markers
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: Bt Fig. 9a-c. After surgery at 26 years: a, c. small stature,
i1 shorter lower limbs, slight varosity in knees persists, now
. without evident asymmetry - on the left, the medial
femoral condyle deviates 2.5 cm from the vertical; on the
; L right, the medial femoral condyle deviates 1.5 cm); b. the
SEEETEE symmetrical internal rotation of both tibia is 2°.

Further follow-up and treatment was conducted at the Centre for Defects of Locomotor Apparatus
in Prague. Two weeks after the operation, the patient complained of pain in the sole of the left foot
at night, hypesthesia of the thumb and sole of the foot and limitation of movement of the thumb
and toes of the left foot. She was advised to walk with two French canes and left lower limb weight
bearing, prescribed a knee brace (Playmaker xpert wrap) and rehabilitation. Medication vitamin D
(2000 Ul/day), Milgamma tbl. (vitamin B12 and B6), Aescin and Neurontin tbl.
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The result of the operation can be seen in Fig.
9a-c.

After the operation, we observed a gradual dec-
rease in the difficulties, namely pain in the
left foot and toe. Four months after surgery (6
February 2024), full range of motion of flexion
' and extension of the toes of the left foot was
| restored.

A one-month stay in Janské Ldzné (8.4. to
6.5.2024), where she underwent comprehensive
rehabilitation treatment, contributed to a sig-
| nificant improvement in her condition and the
decline of her difficulties. There was an impro-
| vement in trunk activation, strengthening of
abdominal muscles and left lower limb. The
patient was instructed in self-therapy. It was
i recommended to continue regular exercise
as instructed, outpatient rehabilitation (RHB),
repeat spa treatment and subsequent inpatient
| RHB treatment at a specialist medical institute.
. At home, she already walks without support
. fully loading the left lower limb. Hypesthesia
. of the left plantar foot and plantar thumb area
T persists. He still uses French canes when walking
. outdoors.

On conventional treatment, the patient had low
serum phosphorus levels and elevated total ALP
and bone isoenzyme ALP levels. In T month after
the 1t dose of drug Crysvita, hypophosphatemia
normalized.

Calcium (total), parathormon (PTH), Vitamin D
(total), osteocalcin and 1.25(0OH)2 vitamin D
levels were repeatedly within normal reference
values.

Fig. 9c. After surgery at 26 years: small stature, shorter
lower limbs, slight varosity in knees persists, now without
evident asymmetry.
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Fig. 10a-d. Correction and healing - remodeling of the tibia and fibula osteotomy: a, b. X-ray of the left tibia in
anteroposterior and lateral projection 2.5 and 4.5 months after surgery: the tibiofemoral angle and the slope of the
knee joint slot is normal; the LCP splint and all screws are in situ without signs of loosening. Radiographic evidence
of moderate continued remodeling (healing) of the tibia osteotomy — compare a and b; ¢, d. X-ray of the left tibia in
anteroposterior and lateral projections 7 and 10 months after surgery: the LCP splint and all screws are in situ with
no signs of loosening; symmetric mild varosity of both knee and talocrural joints — see d (on the next page).
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Fig. 10d. Correction and healing - remodeling of the tibia and fibula osteotomy 10 months after surgery: the
LCP splint and all screws are in situ with no signs of loosening; symmetric mild varosity of both knee and talocrural
joints; Radiographic evidence of moderate continued remodeling (healing) of the tibia osteotomy - compare a and b.

Treatment did not affect elevated total ALP, bone ALP isoenzyme, or elevated bone turnover markers (CTX
and PINP). These biochemical markers were elevated before administration of drug Crysvita, during
and after treatment, as were total cholesterol and LDL cholesterol levels.

Two months after the end of treatment with burosumab (Crysvita), the patient’s serum phosphorus levels
were again low.

Bone healing - remodeling was monitored on X-ray images of the left tibia in two projections,
see Fig. 10a-d. In the AP projection, the broader line of the osteotomy in the medial third shows
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signs of remodeling, while the outer two thirds are already remodeled. In the lateral projection,
remodeling of the osteotomy is present in the posterior 2/3, still lacking sufficient ossification of
the ventral cortical bone muscle. Osteotomy of the fibula is interspersed with mineralizing muscle
in both projections.

CONCLUSIONS

The authors present the outcome of early conventional treatment in a patient with XLH rickets from
childhood to adulthood. They successfully corrected the varus deformities of the lower limbs with
orthotic treatment in the preschool years. After discontinuation of orthotic treatment, due to into-
lerance, the tibial deformity was addressed with a two-level osteotomy of both tibiae at the end of
the growth period with good results. A planned corrective osteotomy of the left tibia for residual
varosity and internal torsion of the left tibia was not performed due to one parent’s disagreement
with surgery.

The current aim of the communication was to verify the transient compensation of calcium phos-
phate metabolism (normalization of hypophosphatemia) and to stimulate the healing of the osteo-
tomy by the effect of 6 months of burosumab (Crysvita) administration. We have documented nor-
malization of phosphatemia and favorable remodeling of the left tibial corrective osteotomy, which
was performed in adulthood at the patient's request after insurance approval for elective surgery.

The result of 11-month follow-up of biochemical indices of bone metabolism and bone remode-
ling on X-ray images after surgery confirmed, in agreement with the literature, that burosumab
(Crysvita) is a drug that compensates for hypophosphatemia during the period of administration,
and leads to stimulation of bone healing, which is significantly impaired and prolonged in adult
patients (with the risk of developing pseudoarthrosis).

Burosumab is currently the only drug that directly targets the underlying cause of the disease, i.e.
elevated FGF23 levels, and is also the only treatment option that leads to compensation of calcio-
phosphate metabolism and normalization of bone healing. According to current literature reports,
no adverse effects have been observed with long-term administration of burosumab.

Our message: For sufficient healing of elective surgary or fracture in adults, it will be necessary to
compensate bone metabolism by administration of burosumab for at least 12 month.
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KAZUISTIKY | CASE REPORTS

GENOCHONDROMATOSIS, TYPE II:
A CASE REPORT OF A CZECH YOUNG WOMAN

GENOCHONDROMATOZA TYPU II:
KAZUISTIKA MLADE CESKE ZENY

Mafik lvo'?, Pichové Renata3, Tesner Pavel, Mafikova Alena?, Zemkova Daniela?®
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4 Institute of Biology and Medical Genetics, Charles University, University Hospital Motol;
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> Dept. of Paediatrics, Charles University, University Hospital Motol; Prague, Czech Republic

SUMMARY

The case report of a 27.5-year-old woman shows limb deformities and structural bone changes
(enchodromes) in typical skeletal locations for genochondromatosis, type Il. X-rays showed bone
deformities of both humeri. Clavicles are not affected. Nonprogressive structural changes were
demonstrated by whole-body bone scintigraphy using technetium-labeled diphosphonates, which
was performed repeatedly in 2011, 2012, 2015, and 2017. This case is an isolated occurrence in the
family. Surgical treatment of humeral deformities was not indicated.

Key words: genochondromatosis type II; limb deformities; X-ray examination; bone scintigraphy;
sporadic occurrence

INTRODUCTION

Genochondromatosis — Spranger’s type IV (5) was firstly described by Le Merrer et al. in 1991 (4).
Four patients from the same family with the characteristic localisation of chondromatosis (clavicle,
upper end of humerus, and lower end of femur) were investigated. The disorder is characterized
by small well circumscribed symmetrical lesions - enchondromas. The favourable course, the
dominant transmission, and previous publication of similar cases confirm the uniqueness of this
new entity. This is an extremely rare autosomal dominant disease that manifests in childhood
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and adulthood. Although genetic background is obvious, corresponding gene is not known yet.
Genochondromatosis is usually asymptomatic; sometimes patients may have pathological fractu-
res. Skeletal lesions usually do not produce secondary deformities and may regress. Malignant
transformation has not been reported in the literature (7). Type | genochondromatosis with
some other clinical and radiological findings was described in a study of four family members by
Sareen et al. in 2015 (6). Type Il of Genochondromatosis has been described by KOZLOWSKI and
JARRETT (3) in 1992. In type Il clavicles are not affected. Later Isidor et al. (2) in 2007 published
Genochondromatosis, type Il: Report of a new patient and further delineation of the phenotype.
This report confirms that this disorder represents a separate clinical entity distinguishable for geno-
chondromatosis type I. In addition, this report confirms the benign course of this rare disorder.

GENETIC BONE DISORDERS NOSOLOGY: 2023 REVIEW classifies genochondromatosis, an AD inhe-
rited disorder, as group 30, called the Disorganized development of skeletal components group”.
,Geno” from the Greek for ,knee’, but the upper limbs are also affected. It probably includes the
condition known as Vaandrager-Pefia syndrome (8).

In this communication, we describe a Czech young woman with genochondromatosis, type II.

CASE REPORT

A young female engineer, 27.5 years old, was referred to the Centre for Defects of Locomotor
Apparatus in Prague for suspected enchondromatosis (morbus Ollier) from the Institute of Biology
and Medical Genetics, Motol University Hospital in Prague. She complained of frequent arm bone
pain and metatarsophalangeal joint pain.

Clinical and anthropologicall examination

Well composed, normal stereotype of gait, squat correctly, standing pelvis very slightly inclined to
the left, no asymmetry of paravertebral landscapes, fingers of hands on the ground when bending,
spine develops smoothly in flexion and extension.

In the hips, knees and ankles, mobility is symmetrical without restrictions. Mobility of the upper
limbs, fingers and toes is also unrestricted, the range of movement is symmetrical.

No genetic stigmatization. Body height 160.9 cm (-1 SD) shows short stature in the range of normal
values. The trunk is rather shorter than lower extremities: sitting height 84.5 cm (-1.2 SD), subischial
leg length 76.4 cm (-0.1 SD). Rhizomelic shortening of upper extremities, bowing of both humeri,
arm span 154.3 cm (95,9% of body height). A mild varosity of knees. Nutritional status is normal,
body weight 51.7 kg (-1 SD), BMI 20.

See Whole-body scans (Fig. 7 a, b).
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Fig. 1a, b. X-rays show small round bright defects with sclerotic margins in the proximal two-thirds of both humeri - see
arrows, where there is widening of the diaphyses and narrowing of the corticals. The diaphysis of the right humerus
is slightly varotic, the diaphysis of the left humerus is valgus curved.

On the right hemithorax the anterior ends of the 6®-10t ribs are enlarged - see arrows; striking structural changes are
shown on the inner margin of the right scapula; on the left scapula the structural defects are less extensive — see arrows.

Radiograpic features

Round lucent defects with sclerotic margins are present in the proximal two-thirds of both humeri,
where there is a widening of the diaphyses and a slight varus curvature of the diaphysis on the right
side and a valgus bowing of the diaphysis on the left side. Similar changes are seen on the medial
part of both scapulae. Structural changes and some enlargement are present on the right 6t-10t
ribs — see arrows in Fig. 1a, b.
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Fig. 2. X-ray of the pelvis and hips show wide hip scapulae, extensive structural changes in the right hip scapula, isolated
circumscribed defects in the inter-and subtrochanteric region and the diaphysis of the left femur - see arrows; the necks
of both femurs are shorter and varus (colodiaphyseal angle 128 degrees bilaterally), centration in the hips is correct (CE
angle about 40 degrees bilaterally).

Other lucent bordered defects are in the right iliac blade, intertrochanteric and subtrochanteric
region of the left femur - see arrows in Fig. 2.
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Fig. 3a, b. X-ray of both tibias in anteroposterior projection shows structural changes and enlargement of the proximal
right fibula - a; discrete changes in shape and structure are also present at the distal end of the left fibula and tibia - b.
See arrows.

Structural changes and enlargement of the proximal right fibula; discrete changes in shape and
structure of distal left fibula and tibia are shown in Fig. 3a, b - see arrows.

Isolated small lucent defects are present on several fingers of both hands and both feet - see arrows
in Fig. 4a, b, c.

Fig. 4a, b, c. X-ray images of both feet (right foot in AP and oblique projection) and left hand show isolated structural
and discrete shape changes - see arrows.

90 | LOCOMOTOR SYSTEM vol. 31, 2024, No. 1 / POHYBOVE USTROJI, ro¢nik 31, 2024, ¢&. 1



Scintigraphy

Whole-body bone scintigraphy using technetium-labeled diphosphonates, conducted repeatedly
in 2011, 2012, 2015, and 2017, demonstrated stationary pathologically increased bone remodeling
in both humeri, the medial part of both scapulae, the right ala of the iliac bone, the subtrochanteric
region and diaphysis of the left femur, the head of the right fibula, the diaphysis of the left tibia,
the right 8"-10%" ribs, and the right forearm - see Fig. 5a, b/2011 and Fig. 6a, b/2017. Whole-body
99mTc-HDP (diphosphonate) bone scintigraphy - 5, a, 6 a anterior projection, 5b, 6b posterior pro-
jection.

Densitometric examination, Hologic, Discovery A (S/N 85046), at 27.7 years of age proved that
patient suffered from osteopenia in the lumbar region, but the whole-body density as well the
density of both proximal femurs is normal.
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Fig. 5a, b/2011, 6a, b/2017. Whole-body 99mTc-HDP (diphosphonate) bone scintigraphy (5 a, 6 a anterior projection,
5 b, 6 b posterior projection)
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Fig. 5a, b/2011, 6a, b/2017. Whole-body 99mTc-HDP (diphosphonate) bone scintigraphy (5 a, 6 a anterior projection,
5 b, 6 b posterior projection)

Whole-body scans - see Fig. 7a, b — approximately document deformities of both humeri and dis-
proportionate stature of the patient and her fat tissue distribution (fat tissue 26.3%, i.e. 7t P. by US
population; BMI 20.1).

Genealogical examination. Parents and 2 older brothers are healthy. No genetic skeletal disorders
were known to be present in the family.

As the syndrome of Multiple exostoses was considered in differential diagnosis by clinical geneticist,
an examination of corresponding genes EXT1 and EXT2 was performed. Molecular genetic examina-
tion of EXT1 and EXT2 genes was negative. Once the causal gene for genochondromatosis is found,
further DNA analysis will be carried out.

Major differential diagnoses

The differential diagnosis of expansile bone lesions includes isolated bone cysts and tumors, such as
enchondromas and fibrous dysplasia; familial expansile osteolysis; and the genochondromatoses (1).

According to Spranger et al. (7), individual lesions are radiographically similar to those of sporadic
enchondromatosis. In generalized enchondromatosis (Spranger’s type | enchondromatosis), the
lesions are asymmetric or unilateral, the hands and feet are often affected, limb growth is inhibited,
and the lesions do not regress over time. According to the literature, malignant transformation of
enchondromas is common
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Fig. 7a, b. Whole-body scans approximately document both the deformities of the humerus and the patient's dispro-
portionate stature, as well as the distribution of adipose tissue (adipose tissue 26.3%, i.e., 7th percentile according to the
US population; BMl is 20.1).
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Metachondromatosis (Spranger’s enchondromatosis type Ill) involves multiple, often striated
enchondromatous lesions in the long bones, along the iliac crests and particularly in the short tubu-
lar bones where they are characteristically associated with exostoses pointing toward the adjacent
joint causing angular deformities of hand fingers. The lesions may regress.

In spondyloenchondrodysplasia, the distribution of the lesions is asymmetrical and severe platy-
spondyly is present.

CONCLUSIONS

Genochondromatosis is a rare bone disease that is classified as group 30 of the Disorganized deve-
lopment of skeletal components group according to the NOSOLOGY OF GENETIC BONE DISEASES:
2023 REVIEW. In our patient, the radiological examination and the demonstration of radiolucent
defects in the proximal two-thirds of both humeri, both scapulae and other predisposing locations
were crucial for the diagnosis. Whole-body bone scintigraphy precisely localize the increased bone
remodeling throughout the skeleton. Repeat examinations in 2011-2017 showed stationary patho-
logically increased bone remodeling in the same skeletal regions. The clavicles are not affected. In
addition, this report confirms the benign course of this rare disorder and will help accurate genetic
counseling.

Our message: currently, the diagxnosis of, the diagnosis of genochodromatosis type | or type Il is
based on X-ray examination and whole-body bone scintigraphy of the skeleton. Once the causal
gene for genochondromatosis is found, DNA analysis will be possible..
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ZPRAVY | NEWS

RECENZNi POSUDEK NA KNIZNi NOVINKU:
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Smrcka Vdclav, Musilovd Zderika .
Tisic let nemoci a valek z kostnic Cech a Moravy

Grada Publishing, a.s., 2024, 122 s.

Recenze
RNDr. Zemkova Daniela, CSc.

Kdyz se fekne kostnice, néktefi lidé si vybavi kulturni pamatku v Sedlci u Kutné Hory. Pro mnoho lidi
ale kostnice predstavuji cosi kuriézniho, tajemného az strasidelného. Docela jiny pohled na kostnice
nabizi vypravna kniha Vaclava Smreky a Zdenky Musilové, Tisic let nemoci a vélek z kostnic Cech
a Moravy, kterou v tomto roce vydalo nakladatelstvi Grada Publishing. Autofi ukazuji kostnice jako
nedocenény zdroj informaci o Zivoté nasich predkd. Na podkladé viastniho vyzkumu ¢eskych kost-
nic rozvijeji pfibéh umirani i Zivota nasich predku v poslednich tisici letech. Problematika epidemii,
hladomorG a vélek a jejich pficin, nyni v ,postcovidové” dobé znovu nabyva na aktualnosti.

Prvnim autorem je jeden z nejpovolanéjsich — Iékaf Sirokych z4jmu a rozhledu, prof. MUDr Vaclav
Smrcka, CSc. Pracuje jako plasticky chirurg se zamérenim na chirurgii ruky, ale jeho laskou je paleo-
patologie. Od roku 1985 je ¢lenem svétové paleopatologické asociace, spolupracuje s pfednimi
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odborniky v oboru biomolekularni paleopatologie a pfednasi paleopatologii na I. Lékarské fakulté,
kde se stal roku 2016 profesorem v oboru déjin lékafstvi. Paleopatologie pro ného neni teoretic-
kou védou odtrzenou od zivota, nalezy vzdy konfrontuje s klinickymi nélezy pacientl s vrozenymi
vadami, o které pecuje a s historickymi prameny, v¢etné lokalnich kronik popisujicich viedni zivot
lidi dané doby. Pfedkladana kniha shrnuje vyzkum poslednich let za pomoci klasickych i nejmoder-
néjsich metod. Zdenka Musilova se zaslouzila o kvalitni fotografickou dokumentaci a zajistovala
logistiku vyzkumnych cest a zpracovéni materiélu.

Kniha neni urcena pouze odbornikiim v paleopatologii a historické antropologii, ale Sirsimu okruhu
ptirodovédecky a medicinsky orientovanych ¢tenard, ktefi radi premysleji o tématech, ktera presa-
huji jejich specializaci, i ¢tenaflim, které zajimaji ceské déjiny a regionalni historie. Kniha ma 560
stran a je bohaté ilustrovana krasnymi obrazky v poc¢tu 1500.

Prvni kapitoly popisuji, jak a pro¢ kostnice vznikaly a charakterizuji specifika kosternich pozlstatkd
v kostnicich. Do kostnic byly ukladény zpravidla ostatky z obdobi zvysené Umrtnosti. Zakladnim
pfinosem vyzkumu byla analyza datovéani 14C depozit v jednotlivych kostnicich. Jak rozebira treti
kapitola, byl zjistén vztah mezi umirdnim a ochlazenim a slune¢nimi minimy. Vale¢né konflikty,
hladomory a excesivni mortalita pfevazovaly v obdobi klimatickych zmén a projevily se ukladanim
pozlstatkd do kostnic.

Kapitolu 4 bychom s troskou nadsazky mohli nazvat ,malym paleopatologickym atlasem ceskych
kostnic”. Kazdd z 50 kostnic ma svuj pfibéh, popis, datovani, patologické ndlezy. Text je oZiven pasa-
Zemi z mistnich starych kronik a vypravénim pamétnika.

Patd kapitola shrnuje poznatky o pfi¢inach umrti — o vrozenych vadach, vale¢nych poranénich,
infek¢nich chorobach a jejich epidemiich, nadorech, degenerativnich chorobach.

Sesta kapitola se vénuje stravé a stravovacim krizim, vyvoji stravovacich navykd a hladomortim.
Sedmad kapitola ji doplruje o poznatky o sarancatech v Evropé.

Autofi svou knihou presvédci ¢tenare, Ze kostnice by mély byt uznany jako narodni poklad, mélo by
se k nim pfristupovat s Uctou a peclivé je chranit. Vyznam vysledkd tohoto vyzkumu vsak prekracuje
narodni ramec. Pro jeho stfedoevropsky vyznam doporucuji vydani v anglickém jazyce.

A co na zavér vzkazat potencidlnimu c¢eskému ¢tenéfi? Kniha pfinasi nejen nové poznatky a otazky
k pfemysleni a doplnéni znalosti, ale i pékné ,pocteni”. Viele doporucuiji!

RNDr. Zemkova Daniela, CSc.

Pediatricka klinika 2. 1ékafské fakulty a Fakultni nemocnice Motol
150 06 Praha 5

E-mail: dezem@email.cz
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INFORMACE O SPOLECNOSTI PRO POJIVOVE TKANE CLS
J. E. PURKYNE (SPT)

Vazena pani kolegyné, vazeny pane kolego,

dovolujeme si Vas informovat o moznosti stat se ¢lenem Spole¢nosti pro pojivové tkané (SPT),
kterd v roce 2004 navdzala na plodnou desetiletou ¢innost Spole¢nosti pro vyzkum a vyuziti poji-
vovych tkani vedenou panem prof. MUDr. M. Adamem, DrSc. Poslanim SPT je podpora rozvoje
vyzkumu pojivovych tkani, Sifeni novych poznatkl tykajicich se vsestrannych analyz tkani z obec-
ného pohledu, modernich klinickych piistupl k diagnostice a [é¢bé. Dalsim poslanim SPT je usnad-
néni styk(l mezi jednotlivymi odborniky navazanim spoluprace s rdznymi védeckymi, odbornymi,
vyrobnimi a farmaceutickymi spole¢nostmi.

Védecké poznani a aplikace nejnovéjsich poznatku v klinické praxi nabyly v poslednich letech neby-
valého zrychleni, a to nejenom v zahranici, ale i u nds. Tato skute¢nost bezprostfedné souvisi s kvali-
tativnim rozvojem poznéni i v nebiologickych védach a v modernich inzenyrskych pfistupech.
Stéle vice se prokazuje, ze vie se vSim souvisi — neni ndhodou, Ze nové poznatky a objevy vznikaji
na rozhrani obord a rliznych védnich disciplin. Lidské spolecnost v poslednich desetiletich dosahla
nové civiliza¢ni kvality - ve védé a v jejich aplikacich zcela jisté, aviak v moralce a etice ne tak pfilis.
Biomedicina je v soucasné dobé rozséhlou interdisciplinarni védou, ktera bez kooperace s jinymi
védnimi obory by byla odsouzena ke stagnaci. Proto cilem SPT je nejenom integrovat odborniky
v biomedicing, ale i v technickych sférach.

Prioritni snahou SPT je presentovat odborné verejnosti a specialistim v klinické praxi nejnovéjsi
poznatky v oblasti pojivovych tkani. SPT je i spolecenskou organizaci klinickych pracovnikd, védca,
pedagogu, ktera si klade za cil spolecensky sblizit nejenom pracovniky v aktivni sluzbé, ale i kole-
gyné a kolegy v diichodovém véku a v neposledni fadé i studenty a mladé doktorandy z vysokych
Skol, universit a akademickych ustava.

SPT organizuje béhem kazdého roku alespor dvé odborna a spolecenska setkani, kde vedle odbor-
nych piinost je kladen dtraz také na spolecenské — pratelské diskuse vsech vas, ktefi nechtéji stag-
novat a ktefi nechtéji premyslet o novych poznatcich izolované a osamocené.

99 | LOCOMOTOR SYSTEM vol. 31, 2024, No. 1/ POHYBOVE USTROJI, ro¢nik 31, 2024, €. 1



Pro uhrazeni nejzédkladnéjsich nakladd na korespondenci se ¢leny spole¢nosti, jejich informovanost
a poradani odbornych kolokvii, symposii a spole¢enskych odbornych setkani byl stanoven roéni
clensky prispévek pro aktivni kolegyné a kolegy 200 K¢ a pro studenty a diichodce 100 K¢.
SPT vydava casopis Pohybové ustroji — pokroky ve vyzkumu, diagnostice a terapii, do kterého se i vy
mUzete aktivné zapojit odbornymi ¢lanky a vasimi zkusenostmi. Pro souc¢asné odbératele casopisu
PU a dalsi zajemce doporucujeme pfihlasit se na http://www.pojivo.cz/en/newsletter/, zadat
jméno a e-mailovou adresu, na kterou bude ¢asopis posilan. Na webové doméné SPT CLS JEP
http://www.pojivo.cz/cz/pohybove-ustroji/ naleznete ve formatu PDF vsechna jednotliva
cisla a dvojcisla casopisu (véetné Suplement) vydana od roku 1997 (bezplatny pfistup).

Mili kolegové, nestljte opoddl a pfipojte se k ¢eské inteligenci - v oblasti pojivovych tkani, ke které
iVy zcela jisté patfite. V nasi krdsné ¢eské zemi je tieba, aby prameny poznani byly stéle zivé a perma-
nentné udrzované. Poslani kazdého z nas neni nahodné. Jsme velice zavazani nasim predkim, ktefi
rozvijeli kvalitu odbornosti v nasi zemi. Nepfipustme Gtlum védy u nds. Nenechme se zmanipulo-
vat programovanou lhostejnosti, vyrlstajici z neodbornosti, zavisti a z patologického prosazovani
ekonomicko-mocenskych zajma.

Tésime se na Vés a na Vase zkusenosti - pfijdte mezi nas!
Za vybor spolecnosti:

Prof. MUDr. Ivo Maf¥ik, CSc. - predseda

Prof. MUDr. Josef Hyanek, DrSc. - ¢estny predseda
Prof. Ing. Miroslav Petrtyl, DrSc. - mistopredseda
RNDr. Martin Braun, PhD - védecky sekretar

Ing. Jana Zelenkova - pokladnik

PFihlasku do Spoleénosti pro pojivové tkané CLS JEP, z.s. najdete na adrese:
http://www.pojivo.cz/cz/wp-content/uploads/2020/02/PrihlaskaCLS_JEP_SPT_form.pdf

Pfihlasku do Ortopedicko-protetické spole¢nosti CLS JEP, z.s. najdete na adrese:
http://www.pojivo.cz/cz/wp-content/uploads/2020/02/PrihlaskaCLS_JEP_OPS_form.pdf
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INFORMATION ABOUT SOCIETY FOR CONNECTIVE TISSUES
CMA J. E. PURKYNE (SCT)

Dear Sir/Madam, dear Colleagues,

We have great pleasure to inform you about the possibility of joining the Society for Connective
Tissues (SCT) that was established in 2004 in order to continue the ten-year fruitful activities of
the Society for Research and Use of Connective Tissue headed by Professor M. Adam, MD, DSc.
The activities of the SCT are aimed at supporting the research development in the field of connec-
tive tissues, the dissemination of knowledge related to the all-purpose analyses of the tissues in
general, and the application of the up-to-date approaches to the diagnostics and clinical practice.
Further, the SCT is determined to facilitate contacts between the respective specialists by means
of collaboration with various research, professional, production and pharmaceutical companies.

In the last few years, the scientific knowledge and the application of the latest findings in the clinical
practice have accelerated on an unprecedented scale, not only abroad, but also in this country. This
fact is closely connected with the qualitative development of the knowledge in the non-biological
sciences and in the up-to-date engineering approaches. The fact that all things are mutually con-
nected is becoming more and more evident. It is fairly obvious that the new knowledge and discov-
eries arise on the dividing line between the different fields and disciplines of science. In the last few
decades, the human society has reached the new qualities of civilization. This applies, in particular,
for the disciplines of science and their applications; however, this statement can hardly be used with
reference to the moral and ethical aspects of the human lives. At present, the biomedical science is
a wide-ranging interdisciplinary science which, in case of lack of cooperation with other scientific
disciplines, would be condemned to stagnation. That is the reason why the SCT is aimed at integrat-
ing the specialists both within the biomedical science and within the engineering fields.

The priority objective of the SCT is to present the professional public and specialists involved in
the clinical practice with the latest knowledge in the field of connective tissues. The SCT is also
a civic society whose aim is to bring people close together by joining members of the clinical staff,
researchers and teachers including the retired ex-colleagues and, last but not least, the undergradu-
ates and PhD students from universities and academic establishments.

The SCT is planning to organize at least two professional and social meetings each year. Beside the
professional contribution of these meetings, emphasis will be laid on social activities - informal
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discussions of all those who do not want to stagnate and who do not want to acquire the new
knowledge in solitary confinement.

The annual membership fee is 200 Czech crowns for full workers, and 100 Czech crowns for
students and pensioners. This membership fee shall be used to cover the basic costs on corre-
spondence with the members of the Society in order to inform them about organizing colloquiums,
symposiums and social meetings.

The SCT is also engaged in publishing of the interdisciplinary journal entitled Locomotor System -
Advances in Research, Diagnostics and Therapy. You are invited to contribute to the journal
writing professional articles, exchanging experience or, simply sharing your opinions. You can find
the volumes of Locomotor System journal at http://www.pojivo.cz/cz/pohybove-ustroji/ since 1997
(free of charge). Since 2013 only electronic edition of the journal is available. That is why we recom-
mend to all subscribers and those interested apply at http://www.pojivo.cz/en/newsletter, enter
personal data, titles and e-mail address where the journal will be mailed.

Dear Colleagues, do not stand aside (suffering from terrible lack of time) and join the pro-
fessional people in the field of connective tissues to whom you undoubtedly belong. In this
beautiful country, the sources of knowledge should be kept alive and maintained perma-
nently. Our role in this process is not accidental. We are much obliged to our ancestors who
had developed the qualities of proficiency in this country. Do not allow the decline of science.
Do not let the programmed indifference arising from lack of professionalism, enviousness,
and pathological promotion of economic and power interests manipulate us.

We are looking forward to meeting you. We will be pleased if you join us and share your experience
with us.

On behalf of the committee of the Society for connective tissues:

Professor Ivo Marik, MD, PhD - chairman

Professor Josef Hyanek, MD, DSc - honorary chairman
Professor Miroslav Petrtyl, MSc, DSc - vice-chairman
Braun Martin, Dr, PhD - research secretary

Zelenkova Jana, Eng - treasurer

Membership application form of the Society for Connective Tissues, Czech Medical Association
J.E. Purkynje, Prague you can find on the following link:
http://www.pojivo.cz/cz/wp-content/uploads/2020/02/PrihlaskaCLS_JEP_SPT_form.pdf

Membership application form of the Orthopaedic-Prosthetic Society, Czech Medical Association
J.E. Purkynje, Prague you can find on the following link:
http://www.pojivo.cz/cz/wp-content/uploads/2020/02/PrihlaskaCLS_JEP_OPS_form.pdf
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SMERNICE AUTORUM | INSTRUCTIONS FOR AUTHORS

TEMATIKA PRISPEVKU

K uverfejnéni v asopise Pohybové Ustroji se pfijimaji rukopisy praci z oblasti pohybového ustroji
¢lovéka, které se tykaji pfedevsim funkce, fyziologického i patologického stavu kosterniho a sva-
lového systému na viech Urovnich poznani, diagnostickych metod, ortopedickych a traumato-
logickych problémd, prislusné rehabilitace a 1é¢ebné i preventivni péce. Pledmétem zajmu jsou
tymové prace z oboru détské ortopedie a osteologie, dale problémy z oboru biomechaniky, pato-
biomechaniky a bioreologie, biochemie a genetiky. Redakce ¢asopisu ma zajem publikovat ¢lanky
kvalitni, vysoké odborné urovné, které ptinaseji nové poznatky, jsou zajimavé z hlediska aplikaci
a nebyly doposud nikde uverejnény s vyjimkou publikace ve zkracené formé.

Redakce pfijima plvodni prace a kazuistiky, souborné ¢lanky, které informuji o sou¢asném stavu
v prislusnych oblastech souvisejicich s pohybovym Ustrojim a abstrakty pfispévkl z narodnich
a mezinarodnich konferenci, vénovanych hlavné pohybovému ustroji. Plvodni prace a kazuistiky
doporucuje publikovat v anglickém jazyce. Rukopisy jsou posuzovany 2-3 oponenty redakéni rady.
Redakéni rada si vyhrazuje pravo provadét recenze a drobné Upravy, pfipadné zkraceni rukopisu. Je
velmi zadouci, aby autor reagoval na pfipadné pfipominky.

Nevyzadané rukopisy ani pfilohy se nevraceji. Redakce si pred uverejnénim praci vyhrazuje rovnéz
pravo na uréeni poradi umisténi v asopise i jazykovou korekturu.

Prispévky, uvefejiiované v casopise, jsou excerpovany v periodickych pfehledech EMBASE/
Excerpta Medica, vydavanych nakladatelstvim Elsevier a Bibliographia medica Cechoslovaca.
Pfi vybéru prispévkl k uvefejnéni davame prednost rukopisiim, zpracovanym podle jednot-
nych pozadavkl pro rukopisy, zasilané do biomechanickych c¢asopist - Uniform Requirements
Submitted to Biomedical Journals (Vancouver Declaration, Br. Med. J., 1988, 296, pp. 401-405).

UPRAVA RUKOPISU

Rukopis se pise v textovém editoru Word ve formatech doc, docx nebo rtf. Na titulni strané uvedte
nazev ¢lanku, pod nim jméno autora, pfipadné autorl, Uredni nazev jejich pracovisté a kone¢né
adresu prvniho autora. U ¢eskych rukopist uvadéjte nazev ¢lanku a pracovisté také v anglictiné.

Na dalsi strané uvedte stru¢ny souhrn (do 250 slov), ktery ma informovat o cilech, metodach,
vysledcich a zavérech prace, doplnény prekladem do anglictiny. Za nim pfipojte nejvyse Sest kli-
covych slov v ¢estiné resp. anglictiné.

Vlastni text je u pivodnich praci obvykle rozdélen na Uivod, material a metodiku, vysledky, diskusi,
zavér a pfipadné podékovani. Souborné referaty, diskuse, zpravy z konferenci apod. jsou bez sou-
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hrnu a jejich ¢lenéni je dano charakterem sdéleni. Pfed zacatky jednotlivych odstavcl nevkladejte
zadné mezery ani tabelatory, odstavce by mély mit alespon Ctyfi radky.

TABULKY A OBRAZKY

Tabulky a obrazky doplnéné legendou vkladejte do dokumentu na zvlastnim listé s pfislusSnym
oznacenim nahofe, pfip. jako samostatny soubor. Vyobrazeni se ¢isluji v poradi, v jakém jdou za
sebou v textu. V dokumentu oznacte jejich predpokladané umisténi v textu. U ¢eskych rukopisi
uvadéjte texty k obrazkdm i v angli¢tiné. Obrazky by mély mit rozliseni 150 dpi u perokreseb
(schémata a grafy 600 dpi) a ulozené jako typ TIFF File (*.tif) nebo JPEG Bitmap File (*.jpg) tabulky
a grafy ulozené ve formatech Microsoft Excel (*.xIs) nebo jako vektorové obrazky ve formatech
(*.eps, *.pdf).

Pojmenovani soubori

Nazev souboru by nemél obsahovat znaky s diakritikou a znaky:,” ., .. ;" V" 2" Pro lepsi nasled-
nou orientaci v zaplavé souborl je vhodné v ndzvu souboru uvadét verzi, jméno autora (bez
diakritiky) a nazev €lanku (bez diakritiky).

LITERATURA

Seznam odkaz(ll na literaturu se pfipoji v abecednim poradi na konci textu. Odvolani na literaturu
uvadéjte ve vlastnim textu prislusnymi cisly v kulatych zavorkach.

V seznamu citované literatury uvadéjte Udaje o knihach v poradi: pfijmeni a inicidly prvnich tfi auto-
ri s pfipadnym dodatkem ,et al’, nazev knihy, poradi vydani, misto vydani, nakladatel, rok vydani,
pocet stran: Frost HM. The Laws of Bone Structure. 4 ed. Springfield: C.C.Thomas, 1964, 167 s.

Citace z ¢asopisli uvadéjte timto zptsobem: pfijmeni a inicidly prvnich tfi autord (u vice autord
vloZte za jménem tretiho autora et al., za jmény autord nemusi byt tecky), nazev ¢lanku, nazev ¢aso-
pisu nebo jeho uznavana zkratka, ro¢nik, rok vydani, ¢islo, strany: Sobotka Z, Mafik I. Remodelation
and Regeneration of Bone Tissue at some Bone Dysplasias. Pohybové Ustroji, 2, 1995, ¢. 1:15-24.

Prispévky ve sbornicich (v knize) se uvadi v poradi: pfijmeni a inicidly prvnich tfi autor(i, nazev
¢lanku, editor, ndzev sborniku, dil, misto, nakladatelstvi a rok vydani, strany ve sborniku (knize):
Mafrik 1, Kuklik M, Brizek J. Evaluation of growth and development in bone dysplasias. In: Hajnis K.
ed. Growth and Ontogenetic Development in Man. Prague: Charles University, 1986, s. 391-403.
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KOREKTURY

Redakce povazuje dodany rukopis za konec¢né znéni prace. Vétsi zmeény pfi korekturach nejsou
piipustné. Prosime, aby autofi peclivé zkontrolovali text, tabulky a legendy k obrazkim. Pro zkra-
ceni publika¢ni Ihlty je mozno ptipojit prohlaseni, ze autor netrva na autorské korekture. V ramci
¢asovych moznosti je snahou redakce viechny pfispévky zaslat autorim zpét k odsouhlaseni
konecné Upravy praci. Korektury prosim provadéjte s vyuzitim korekturnich nastroji v programu
Acrobat Reader. Prosime o co nejrychlejsi zpétnou vazbu redakci ¢asopisu.

ADRESA PRO ZASILANI PRISPEVKU

Rukopisy zasilejte na adresu:

Prof. MUDr. Ivo Mafrik, CSc.
Ambulantni centrum pro vady pohybového aparatu s.r.o., OlSanska 7, 130 00 Praha 3
Tel.: (+420) 222 582 214, e-mail: ambul centrum@volny.cz
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SUBJECT MATTER OF CONTRIBUTIONS

The journal Locomotor System will publish the papers from the field of locomotor apparatus of
man which are above all concerned with the function, physiological and pathological state of the
skeletal and muscular system on all levels of knowledge, diagnostic methods, orthopaedic and
traumatologic problems, rehabilitation as well as the medical treatment and preventive care of
skeletal diseases. The objects of interest are interdisciplinary papers on paediatric orthopaedics
and osteology, further object of interest are problems of biomechanics, pathobiomechanics and
biorheology, biochemistry and genetics. The journal will accept the original papers of high profes-
sional level which were not published elsewhere with exception of those which appeared in an
abbreviated form.

The editorial board will also accept the review articles, case reports and abstracts of contribu-
tions presented at national and international meetings devoted largely to locomotor system. The
papers published in the journal are excerpted in EMBASE / Excerpta Medica and Bibliographia
medica Cechoslovaca.

MANUSCRIPT REQUIREMENTS

Manuscripts should be submitted in text editor Microsoft Word in format *.doc, docx or *.rtf. While
no maximum length of contributions is prescribed, the authors are encouraged to write concisely.
The first page of paper should be headed by the title followed by the name(s) of author(s) and his/
her (their) affiliations. Furthermore, the address of the corresponding author should be indicated
to receive correspondence and proofs for correction. Papers are reviewed by two (and/or three)
reviewers.

The second page should contain a short Abstract(up to 250 words) followed by the key words (no
more than 6). The proper text of original paper is laid out into introduction, material and methods,
results, discussion and if need be acknowledgement. The reviews, discussions and news from
conferences are without summaries and their lay-out depends on the character of communica-
tion. The paragraphs should not begin with any spaces from the left margin nor tabs and should
contain at least four rows.

ILLUSTRATIONS AND TABLES

Authors should supply illustrations and tables on separate sheets in the document. They should
be numbered in the same order as is their desired location in the text. The figures should include
the relevant details. Pictures should have resolution min. 150 dpi, drawings and graphs in bitmap
resolution 600 dpi. They should be saved as tif or jpg format, tables and graphs in Microsoft Excel
or as vector graphics in formats *.eps or *.pdf. Figure legends should be provided for all illustra-
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tions on a separate page and grouped in numerical order of appearance. On the back of figures,
their number and name of the author should be indicated.

REFERENCES

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

The references of books should contain the names and initials of the first three authors, with even-
tual supplement et al’, title of book, number of edition, place of publishing, name of publisher,
year of appearance and number of pages, for instance: Frost HM. The Laws of Bone Structure. 4.
ed. Springfield: C.C.Thomas, 1964, 167 p.

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

The references of papers published in special volumes (in a book) should be arranged in the
following order: names and initials (there do not have to be dots after initials) of the first three
authors, title of paper, editor(s), title of special volume (a book), place of publication, publisher,
year of publication, first and last page numbers, for instance: Mafik |, Kuklik M, Briizek J. Evaluation
of growth and development in bone dysplasias. In: Hajni$ K. ed. Growth and Ontogenetic
Development in Man. Prague: Charles University, 1986:391-403.

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

Professor Ilvo Marik, M.D., Ph.D.

Ambulant Centre for Defects of Locomotor Apparatus
Olsanska 7

130 00 Prague 3

Czech Republic

Phone: (+420) 222 582 214

e-mail: ambul_centrum@volny.cz
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Pravni sluzby
poskytovatelum
zdravotnich sluzeb:

~ obchodni pravo - zalozeni spolecnosti, transformace
soukrome ordinace na spolecnost, registrace
poskytovatele zdravotnich sluzeb,

= konzultace v oblasti medicinského prava — Skoleni
personalu ve vécech vedeni a nakladani se
zdravotnickou dokumentaci, informovany souhlas
pacienta,

= smluvni agenda — najemni smlouvy, kupni a Uvérove
smlouvy, smlouvy o sluzbach,

= smlouvy se zdravotnimi pojistovnami — Uprava
smluvnich dokumentu, korekce plateb,

~ otazky nahrady skody na zdravi a z titulu zasahu do
osobnostnich prav — konzultace vznesenych naroku,
jednani s pacienty, zastupovani v soudnim fizeni,

~ a vSechny dalsi otazky, s nimiz se poskytovatele
zdravotnich sluzeb v praxi setkavaji

V pfipadé zajmu o nezavaznou konzultaci a poskytnut

i blizSich informaci nas nevahejte kontaktovat.

SVOBODA & KUCERA | ADVOKATI

AK Kucera s.ro. | Stavitelska 1099/6, 160 00 Praha 6 | T +420 222 965 861 | M +420 731510 675 | £ kucera@sk-advokati.cz | W www.sk-advokati.cz



PROTEOR CZ s. r. 0. - nestatni zdravotnické zafizeni
Ostrava | U Parku 2/2720 | 702 00 Ostrava | tel.: 596 139 259, 596 139 295
Provozovna Olomouc | Mognerova 7/1184 | 779 00 Olomouc | tel.: 585 414 776, 585 414 823
Provozovna Brno | Milady Hordkové 50 | 602 00 Brno | tel. 733 184 083
E | ostrava@proteorcz.cz | olomouc@proteorcz.cz | brno@proteorcz.cz | www.proteorcz.cz

lékarska péce v oborech ortopedie a ortopedicka protetika O,z&ravotni péce v ortotice
a protetice ® konsilia pro zdravotnicka zafizeni ® vyjezdova pracoviité v kraji ® zakazkova
cinnost pro zdravotnicka zarizeni ® skolioticka poradna pro lécbu skolioz patere mladistvych

® aplikace a vyroba individualnich ortopedickych vloZek pro sport ® vyroba individualnich
zdravotnickych prostredki - protéz koncetin, ortéz, ortopedickych viozek ® podologicka
poradna pro pacienty s problémy nohou (syndrom diabetické nohy, bolesti nohou) ®
specializované centrum pro aplikaci a vyrobu myoelektrickych protéz hornich konéetin
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