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Advances in Research, Diagnostics and Therapy
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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 Radwan Hilmi Petr Korbelaf Frantisek Marsik Petr Sedlak
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Mikhail Dudin Tomasz Karski Veronika Krulisova Iveta Pallova Jan Vseticka
Jiti Funda Milan Kokavec Piet van Loon Ctibor Povysil Daniela Zemkova

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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30. ro¢nik ¢asopisu Pohybové Ustroji — pokroky ve vyzkumu, diagnostice a terapii
je vénovan jubilantiim, ¢estnym ¢lendim Spole¢nosti pro pojivové tkané Ceské lékarské
spoleénosti J.E. Purkyné (SPT CLS JEP), élendim redakéni rady €asopisu Pohybové ustroji
a drzitelGm pamétni Zlaté medaile CLS JEP

panu

prof. MUDr. Josefovi Hyankovi, DrSc. (90 let)

a panu

prof. MUDry. Ctiborovi Povysilovi, DrSc. (80 let)

a také dal$im jubilantim a ¢estnym ¢lentim SPT CLS JEP, ktefi se zaslouZili o ¢innost
Spole¢nosti pro pojivové tkané CLS JEP od jejiho vzniku v roce 2004:
Ing. Hané Hulejové (65 let)
MUDr. Olze Hudakové, Ph.D. (50 let)

a

RNDr. Martinovi Braunovi, Ph.D. (50 let)

The 30t edition of Locomotor System journal — Advances in Research, Diagnostics and Therapy
is dedicated to the jubilarians, honorary members of the Society for Connective Tissues
of the Czech Medical Association J.E. Purkyné (SCT CMA JEP), members of the editorial board
of the journal and holders of the commemorative Gold Medal of the CMA JEP

Mr.
Professor Josef Hyanek, DSc. (90 yrs.)
and Mr.
Professor Ctibor Povysil, DSc. (80 yrs.)

and also other jubilarians and honorary members of Society for Connective Tissues of the Czech
Medical Association J.E. Purkyné who have contributed to the activities of this Society since
its establishment in 2004:
Ing. Hana Hulejova (65 yrs.)
Olga Hudakova, MD, PhD (50 yrs.)

and

RNDr. Martin Braun, PhD (50 yrs.)
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SLOVO CTENARUM

Vazeni ¢tenafi, 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 ¢asopisu PU prispévky pfijaté po recenzi jako ¢islo 1 a 2, dale dvé
Suplementa obsahujici souhrny nebo abstrakta ze symposii Kubatovy dny a mezindrodniho symposia.

Nedostatek prispévkii je pficinou zpozdéného vyddni i tohoto ¢&isla 1 Easopisu PU, 30, 2023. Ctendr
se dozvi o Aktudlnich trendech v ristu ceskych déti v kontextu sekuldrnich zmén, pouci se o pokroku
v molekuldrné genetické diagnostice, ktery ved! k radikdlnim zméndm uverejnénym v Nozologii gene-
tickych poruch skeletu — Revize 2023. Ctendfi si také udélaji pfedstavu o onemocnénich, kterymi trpéli
nasi predkové v 9. stoleti, jak vyplyva z paleopatologického vyzkumu panonského avarského pohre-
bisti Terehegy-Marfa v dnesnim Madarsku. Nepochybné je zaujmou raritni pripadové studie demon-
strujici komplexni léceni doplnéné rozsdhlou diskusi tykajici se jednak Makrodaktylie ruky v kombinaci
s Polandovym syndromem a jednak molekuldrni diagnostiky vrozené arachnodactylie s kontrakturami
(tzv. Beals(iv-Hechtiv syndrom), jak ze vzorku krve tak z kostni tkdné.

Toto cislo Casopisu je vénovdno jubilantim, cestnym clenim Spolecnosti pro pojivové tkdné (SPT)
CLS JEP a drzitelim Zlaté pamétni medaile CLS JEP panu prof. MUDr. Josefovi Hydnkovi, DrSc. (90 let)
a panu prof. MUDr. Ctiborovi Povysilovi, DrSc. (80 let) a dalsim Eestnym ¢&leniim SPT CLS JEP Ing. Hané
Hulejové (65 let), RNDr. Martinovi Braunovi, Ph.D. (50 let) a MUDr. Olze Huddkové, Ph.D. (50 let). Odborné
Zivotopisy viech jubilanti byly publikovdny v Suplementu 1 ¢asopisu PU, 30, 2023, které bylo vyddno
pri prileZitosti tradi¢niho symposia 28. Kubdtuv den. 28. Suplementum s abstrakty pfispévku a video
zdznam predndsek velmi uspésného symposia, jsou dostupné na webovych strdnkdch obou symposium
organizujicich spolecnosti www.pojivo.cz a www.ortoprotetika.cz.

Do redakéni rady casopisu Pohybové ustroji byli navrZeni a schvdleni tito ¢lenové Spolecnosti pro pro
pojivové tkdné CSLS JEP: Ass. MUDr. Josef Kraus, CSc. (détsky neurolog) a MUDT. Veronika Krulisovd,
Ph.D. (klinickd geneticka). Oba kolegové jsou aktivni jednak jako predndsejici na sympoziich pofddanych

1 | LOCOMOTOR SYSTEM vol. 30, 2023, No. 1 / POHYBOVE USTROJI, ro¢nik 30, 2023, ¢. 1



Spolecnosti pro pojivové tkané CLS JEP a Ortopedicko-protetickou spole¢nosti CLS JEP, jednak jako autofi
a spoluautoti publikaci v ¢asopise PU.

Poslanim ¢asopisu PU je, jako v minulych letech, uvefejhiovat védecké prace zabyvajici se dia-
gnostikou a mezioborovym lé¢enim genetickych kostnich chorob, vrozenych defektli koncetin,
sekundarni osteoporézy, osteo/spondylartrézy, ale i jinych chorob, které ve svych dlsledcich
negativné ovliviuji rdst, vyvoj a kvalitu pohybového Ustroji v prabéhu lidského Zivota. Cenény jsou
prace vychdzejici z vyzkumu pojivovych tkani na viech 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 I[é¢ebnych metodach (kalciotropni léky,
rehabilitace, ortoticko-protetické a operaéni lé¢eni aj.) a v neposledni fadé studiim antropologickym
a paleopatologickym. Ocefiujeme predevsim interdisciplindrné zamérené prace. V anglickém jazyce
jsou publikovana sdéleni zahrani¢nich i nasich autor(i. Zdédanym doplnénim obsahu ¢asopisu jsou
zpravy ze sjezd(i a konferenci. Zvefejiiujeme oznameni o zivotnim vyroci ¢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.

V kazdém rocniku najdete smérnice pro autory prispévkd, kterym vénujte prosim pozornost
pfi tvorbé Vasich védeckych sdéleni. Souhrny praci publikovanych v ¢asopisu jsou excerpovany
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 c¢asopist. Pro zvyseni mezina-
rodniho zajmu o ¢asopis PU je zadouci ziskavat pGvodni kvalitni prace a kazuistiky v angli¢ting.
Souhrny viech praci doporucujeme psét co nejvystiznéji, strukturované, ¢esky a anglicky (objecti-
ves, methods, results and discussion), s klicovymi slovy.

Tésime se na Vasi spoluprdci a tvirci pfipominky v roce 2023.

Redakéni rada

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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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 Kubét Days and International Symposia.

The lack of contributions is the reason for the delay in the publication of this issue 1 of the journal PU,
30, 2023. The reader will learn about the Current trends in the growth of Czech children in the context
of secular changes; he will learn about the advances in molecular genetic diagnostics that led to the
radical changes published in the Nosology of genetic skeletal disorders — Revision 2023; the readers will
get an idea of the diseases from which our ancestors suffered in the 9% century, as revealed by paleo-
pathological research at the Pannonian Avar burial site of Terehegy-Marfa in present-day Hungary; they
will undoubtedly be interested in rare case studies demonstrating complex treatments, accompanied
by extensive discussion of both Macrodactyly of the hand in combination with Poland’s syndrome and
the molecular diagnosis of congenital arachnodactyly with contractures (the so-called Beals-Hecht syn-
drome), from both blood and bone tissue samples.

This issue of the journal is dedicated to the jubilarians, honorary members of the Society for Connective
Tissues (SCT) of the CMA JEP and holders of the Gold Commemorative Medal of the CMA JEP, Prof. Josef
Hydnek, M.D., DrSc. (90 years) and Prof. Ctibor Povysil, M.D., DrSc. (80 years) and other honorary mem-
bers of the SCT of the CMA JEP, Ing. Hana Hulejovd (65 years), RNDr. Martin Braun, Ph.D. (50 years) and
MUDr. Olga Huddkovd, Ph.D. (50 years). The professional biographies of all the jubilarians were pub-
lished in Supplement 1 of the journal PU, 30, 2023, which was published on the occasion of the traditional
symposium Kubat Days 28. The supplement with abstracts of the papers and video recording of the
lectures of the very successful symposium are available on the websites of both symposium organizing
companies www.pojivo.cz and www.ortoprotetika.cz.

The following have been nominated and approved for the editorial board of the journal Locomotor
System, Ass. MUDr. Josef Kraus, Ph.D. (pediatric neurologist) and MUDr. Veronika KruliSovd, Ph.D.
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(clinical geneticist). Both colleagues are active both as lecturers at symposia organized by the Society for
Connective Tissues CMA J.E. Purkyné and the Orthopaedic and Prosthetic Society CMA J.E. Purkyné and
authors of publications in the journal LS.

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
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 2023.

©

CZECH SOCIETY
FOR PROSTHETICS
AND ORTHOTICS
J.E. PURKYNE
PRAHA  CZECH REPUBLIC

Editorial Board

SOCIETY
FOR
CONNECTIVE

TISSUES

JEPurkyns

PRAGUE + CZECH REPUBLIC

AMBULANT CENTRE
for defects of locomotor apparatus
limited liability company
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OBRAZEK NA TITULNi STRANE CASOPISU:
ANALYZA VZORKU DNA MASIVNIM
PARALELNIM SEKVENOVANIM

OBRAZEK NA TITULNI STRANE CASOPISU znazorfiuje postup pfipravy vzorkéi DNA pro analyzu
sekvenovanim nové generace (next-generation sequencing, NGS) za pomoci kitu Clinical Exome
Solutions (Sophia Genetics) - sekvenovani klinického exomu. Jedna se o panelové sekvenovani
vybranych gend, jejichz naruseni je pficinou rozvoje vzacnych vrozenych onemocnéni a syndrom(,
véetné onemocnéni pohybového Ustroji.

Prvnim krokem je izolace DNA ze vstupniho materidlu, kterym je idedlné periferni krev, mdze byt
pouzit i bukalni stér, ¢ast tkané nebo kosti. 1zolace probihd pomoci automatizované pracovni sta-
nice MagCore® (RBC Bioscience) za vyuziti technologie magnetickych kuli¢ek. Dostate¢na kvalita
a mnozstvi ziskané DNA je nasledné fluorometricky ovérena (obr. 1a).

Nasleduje pfiprava sekvenacni knihovny, tedy souboru vsech vzork(, které budou analyzovany.
DNA je nejprve chemicky nastépena na jednotlivé sady molekul/fragmentl o definované délce,

Q)
T "

© 1 L Alle Frequency Databases 3%
Debvelns

Obrazek 1a-d. Analyza vzorkdi DNA masivnim paralelnim sekvenovanim (MPS)
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tzv. amplikony. Ty jsou v dal3im kroku oznaceny specidlnimi indexovacimi adaptory, coz jsou krat-
ké oligonukleotidy navazané na konce jednotlivych fragment(, které umoznuji vzorky vzajemné
odlisit. Do jedné sekvenacni reakce je proto mozné zahrnout vzorky vice pacientl. Automatizace
procesu pfipravy sekvenacni knihovny je provedena za vyuziti robotického pfistroje Bravo (Agilent
Technologies) (obr. 1b).

V pripadé sekvenovani klinického exomu jsou pro zachyceni pozadovanych genomickych oblasti
vyuzivany hybridiza¢ni sondy, které se vazou pouze na specifické useky genomu ve kterych lezi geny,
jez chceme analyzovat. SOPHiA DDM™ Clinical Exome Solution v3 pokryvé kédujici oblasti (+5 bazi
intronovych oblasti) 4,727 gend, cely mitochondridini genom a pfiblizné 200 nekdduijicich variant
se zndmym patogennim dopadem, a to i v rdmci hlubokych intrond/enhanceri/promotorl spoje-
nych se vzacnymi a dédi¢nymi poruchami. Po precisténi je vytvorend knihovna amplifikovéna, tedy
jednotlivé fragmenty jsou namnozeny na tisice pfesnych klond, coz je dlleZité pro zvyseni pfesnosti
identifikace jednotlivych bazi béhem procesu sekvenovani. Sekvenace probiha na piistroji NextSeq
550 (lllumina) (obr. 1c). Znacené fragmenty DNA jsou pfichyceny pomoci adaptorové sekvence na
flow-cell sekvenatoru (sklenéna deska s miliony fixovanych oligonukleotidli komplementérnich
k adaptorovym sekvencim). Naslednou replikaci DNA (tj. tvorba kopie DNA) s fluorescen¢né znaceny-
mi deoxyribonukleotidtrifosfaty (ANTPs) ptistroj opticky zaznamendva barevné signaly pro jednotlivé
béze v presné definovaném poradi a postupné tak sestavuje vznikajici sekvenci DNA.

Bioinformatické zpracovani dat zahrnuje kontrolu kvality a odstranéni nekvalitnich sekvenci, artefak-
ta ¢i kontaminaci. Zakladnim principem je mapovani osekvenované DNA (tzv. readt) k referen¢nimu
genomu a odhaleni odlisnosti, coz mohou byt jednonukleotidové varianty (single nucleotide variant,
SNV), kratké delece a inzerce (INDELs) ¢i strukturni varianty (delece/duplikace celych exond, copy
number variation, CNV). Pro vizualizaci nalezené kauzaIni varianty ¢.3724+2T>C (rs863223570) FBN2
genu v intronu 28 slouZi software Alamut Visual Plus (Sophia Genetics) (obr. 1d).

Mgr. Helena Paszekova

MUDTr. Veronika Krulisova, Ph.D.
GHC Genetics, Prague, Czech Republic
E-mail: krulisova@ghcgenetics.cz
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THE FIGURE ON THE TITLE PAGE OF THE JOURNAL:
NEXT-GENERATION SEQUENCING (NGS) ANALYSIS

The cover page of the journal displays a visual representation of the protocol for preparing DNA
samples for next-generation sequencing (NGS) analysis using the Clinical Exome Solutions kit
(Sophia Genetics) for clinical exome sequencing. This technique involves sequencing a panel of
chosen genes, the interruption of which may be responsible for the onset of rare inborn disorders
and syndromes, including those affecting the locomotor system.

The initial stage involves extracting DNA from the input sample which ideally should be peripheral
blood; however, a buccal swab, part of tissue or bone could also be considered. The automated
MagCore® workstation (RBC Bioscience) utilises magnetic bead technology for isolation. Verification
for sufficient quantity and quality of DNA is conducted using fluorometric analysis (Fig. 1a).

Consequently, sequencing libraries are prepared, comprising all samples slated for analysis. The
DNA is initially chemically fragmented into specific sets of molecules/ fragments with predeter-
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Figure 1a-d. Analysis of DNA samples using the next-generation sequencing (NGS)
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mined lengths referred to as 'amplicons' Following this, they are labelled with special indexing
adapters, which are short oligonucleotides attached to the ends of the individual fragments to
differentiate the samples from one another. Therefore multiple patients' samples can be included
in a single sequencing reaction. The sequencing library preparation process is automated using the
robotic device Bravo (Agilent Technologies) (Fig. 1b).

In clinical exome sequencing, hybridisation probes are utilized to specifically target genomic
regions, binding solely to the desired section of the genome in which the genes of interest are
located. SOPHiA DDM™ Clinical Exome Solution v3 covers the coding regions (£5 bases of intronic
regions) of 4,727 genes, the entire mitochondrial genome, and around 200 non-coding variants with
established pathogenic impact, which includes those observed within deep introns/enhancers/
promoters linked to rare and hereditary conditions. After purification, the library undergoes ampli-
fication, resulting in thousands of identical clones of individual fragments. This process is crucial for
precise identification of individual bases during sequencing. The sequencing process is conducted
on NextSeq 550 device (lllumina). Labeled DNA fragments are attached with adapter sequences on
a flow-cell, a glass plate containing millions of fixed oligonucleotides complementary to the adapter
sequences. Through DNA replication (the copying of DNA) with fluorescently labeled deoxyribo-
nucleotide triphosphates (dNTPs), the device optically records colour signals for individual bases in
a precisely defined order and thereby reveals the emerging DNA sequence (Fig. 1c).

Bioinformatics data processing involves conducting quality control to remove low-quality sequen-
ces, artifacts and contaminations. The primary principle is to map sequenced DNA (known as reads)
to the reference genome, detecting differences such as single nucleotide variants (SNVs), short
deletions and insertions (INDELs), or structural variants such as deletion/duplication of entire exons
(copy number variation, CNV). The Alamut Visual Plus software (Sophia Genetics) has been used
for the visualisation of the discovered causal variant ¢.3724+2T>C (rs863223570) of the FBN2 gene,
which is located in intron 28 (Fig. 1d).

Helena Paszekova Mgr
Veronika Krulisova, MD, PhD
GHC Genetics, Prague, Czech Republic

E-mail: krulisova@ghcgenetics.cz
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AKTUALNI TRENDY V RUSTU CESKYCH DETi V KONTEXTU
SEKULARNICH ZMEN

CURRENT TRENDS IN THE GROWTH OF CZECH CHILDREN
IN THE CONTEXT OF SECULAR CHANGES

Dani$ Robert!, V4Zna Anna2, Novék Jan?, Sedlak Petr'2

Oddéleni podpory zdravi déti, Ustav hygieny, 3. Iékaiska fakulta Univerzity Karlovy, Praha

> Katedra antropologie a genetiky ¢lovéka, Pfirodovédecka fakulta Univerzity Karlovy, Praha

ABSTRAKT

Rast a vyvoj ditéte je ovlivihovan radou environmentalnich faktor(, které se v pribéhu gene-
raci méni. V popula¢nim profilu télesnych charakteristik pak hovofime o sekuldrnich zménach.
Problémem soucasného Zivotniho stylu je zejména nedostatek pohybové aktivity od raného véku
a nespravné stravovani. Dochazi tak k porucham vyvoje struktur pohybového aparatu a postupné
k rozvoji nadvahy a obezity. Zatimco v predskolnim véku prevlada typ skryté, latentni obezity,
od prepuberty se zvysuje prevalence obezity zjevné, spojené s narlstem hmotnosti. Hormonaini
a enzymaticka aktivita tukové tkané je pak pfic¢inou pubertélnich zmén v dnesni détské populaci.
U chlapct je naopak vlastni pubertdlni vyvoj alterovan, dochazi k vyznamnému uplatnéni estroge-
nud v jejich vyvoji. Vysledkem je typicka vyrazna feminizace postavy dnesnich mladych muzd.

ABSTRACT

A child’s growth and development is influenced by a number of environmental factors that change
over generations. In the population profile of body characteristics, we are talking about secular
changes. The problem of the current lifestyle is mainly the lack of physical activity from an early age
and improper diet. This leads to disorders in the development of the structures of the locomotor sys-
tem and gradually to the development of overweight and obesity. While the type of hidden, latent
obesity predominates in preschool age, the prevalence of obvious obesity, associated with weight
gain, increases from prepuberty. Hormonal and enzymatic activity of adipose tissue is the cause of
pubertal changes in the current child population. In girls, there is an earlier onset of puberty and
thus a reduction in the age at which reproductive maturity is reached. In boys, on the other hand,
the pubertal development itself is altered, there is a significant use of estrogens in their develop-
ment. The result is a typical strong feminization of the character of current young men.
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uvoD

Rust ditéte je kontinudIni proces, ktery zacind splynutim gamet a kon¢i uzavienim epifyzarnich
rGstovych plotének kosti v obdobi adolescence. Jedna se o slozity déj, v jehoz regulaci se uplatriuje
fada faktord. Dominantni roli v rGstovém profilu ditéte a jeho findlni vysce hraje geneticky rlistovy
potencidl, jehoz uplatnéni je limitovano vlivem prostredi, ve kterém dité Zije. Zmény socioekono-
mickych faktord se vyrazné promitaji do Zivotniho stylu, a to jiz od détského véku. ZpUsob Zivota
rodiny je urcujicim prvkem zdravého rlstu ditéte. Negativni trendy Zivotniho stylu ovliviiuji nejen
uplatnéni genetického ristového potencidlu, ale jsou urcujicim faktorem zdravotniho stavu a kvali-
ty celého dalsiho zZivota jedince. Aktudlni trendy — nedostatek pohybu a nespravnd vyziva, negativ-
né ovliviuji zdravotni stav celé populace.

Nedostatek pohybové aktivity (hypokineze) a jeji nasledky se stavaji v soucasné dobé nejvyznam-
néjsim problémem populace napfi¢ viemi vékovymi skupinami. Za nejzavaznéjsi vsak povazujeme
hypokinezi v détském a adolescentnim véku, nebot nedostatek pohybu negativné ovliviiuje rdst
ditéte i vsechny aspekty jeho fyziologického vyvoje.

Zamérem clanku je ptipomenout nejznaméjsi trendy v rlistu a vyvoji ¢eské populace druhé polovi-
ny dvacatého stoleti a v jejich kontextu podat prehled soucasnych nejvyraznéjsich zmén, které jsou
primarné podminéné negativnimi prvky v Zivotnim stylu populace, zejména nedostatkem pohybo-
vé aktivity od raného véku a Spatnymi stravovacimi navyky.

SEKULARNI ZMENY, SEKULARNI TREND

Dlouhodobé zmény v somatickém profilu populace jsou oznac¢ovéany jako sekularni. Termin ,seku-
larni trend” se zacal v antropologické literatufe objevovat ve druhé poloviné 20. stoleti. M4 zaklad
v latinském slové saeculum, coz v prekladu znamend generace ¢&i stoleti. Jedna se o dlouhodoby
proces, pfi kterém se méni velikostni a tvarové parametry jedincll urcité populace v mezigenerac-
nim srovnani (6, 11). ZvySovani socioekonomické urovné, pokroky ve zdravotnictvi a vys$si dostup-
nost zdravotni péce vedly postupné k vyraznéjsimu uplatnéni genetického ristového potencialy,
coz se projevilo zvysovanim priimérné vysky populace (12). Tento trend je u ¢eské populace dobfe
zachycen a popsan diky datim z Celostatnich antropologickych vyzkum( déti a mladeze (CAV),
které se v byvalém Ceskoslovensku konaly od roku 1951 v desetiletych intervalech az do roku 2001
(5). Primérna hodnota narGstu télesné vysky ¢eskych muzi byla za 50leté obdobi +8 c¢m, u Zen
0+6.cm (76, 77).

Ve vztahu k télesné vysce podléhaji pozitivnim sekuldrnim zméndm viechny linearni télesné para-
metry. Intenzita jejich rdstové akcelerace je viak riizna, dochézi tak ke zménam proporcionality.
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Jak uvadi studie Meadows et Jantz, 1995 (46), kterd hodnotila zmény délky a proporci dlouhych
kosti koncetin americké populace v ¢asovém obdobi 1800 az 1970, lisi se proporcionalita rlistu
horni a dolni koncetiny. Zatimco horni koncetina vykazuje k télesné vysce izometricky rist a tedy
se v tomto vztahu proporcionalita neméni, rGst dolni koncetiny je pozitivné alometricky. Délka
dolnich koncetin se tak v priibéhu sekuldrniho naristu télesné vysky prodluzuje. Uvedend studie
potvrdila i vyraznéjsi sekuldrni akceleraci rGstu distalnich segmentl koncetin, zejména na dolni
koncetiné. Pozitivni alometrie je tak ve vztahu k télesné vysce vyssi u tibie (i fibuly) nez u femuru.
Ke stejnému zavéru dospéli i Auerbach a Sylvester, 2011 (3). Studie Holliday and Ruff, 2001 (32) uz
pfedtim u distdIniho segmentu dolni koncetiny, resp. tibie zjistila nejvyssi hodnotu relativni variance
ze viech segment0 lidskych koncetin.

Dolni koncetiny také vykazuji vyraznéjsi sekuldrni trend nez koncetiny horni. Byly nalezeny rozdily
mezi pohlavim a etnicitou (3, 47). Uvedena zjisténi tak ukazuji na primarni vliv akcelerace rastu kosti
dolni koncetiny v procesu sekularniho narlstu télesné vysky.

Spolu s trendem narlstu vysky postavy dochéazelo k postupnému snizovani véku nastupu puberty.
Doslo rovnéz ke zvyseni pramérnych hodnot rlstové rychlosti v akcelera¢ni fazi pubertalniho spur-
tu. Primérna rdstova rychlost ve vrcholu pubertélniho spurtu (peak height velocity) byla u chlapctd
v roce 1951 6,5 cm/rok, v roce 2001 7,3 cm/rok, u divek 5,6 cm, resp. 6,6 cm/rok (78). Télesny rist

[cm] Chlapci
200
12cm — 2001
A 1991
180 — 1981
/? 1971
160 // — 1961

/ — 1951

/ 1895

140

ol LA
v

100

80

4 6 8 10 12 14 16 18 vék [roky]
Obr. 1a. Sekuldrni vyvoj prdmérné télesné vysky ceskych chlapch.
Data 1895 Matiegka, 1927 (45), 1951-2001 Celostatni antropologické vyzkumy déti a mladeze.
Upraveno dle Vignerova et al., 2006 (78).
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Obr. 1b. Sekuldrni vyvoj primérné télesné vysky ceskych divek.
Data 1895 Matiegka, 1927 (45), 1951-2001 Celostatni antropologické vyzkumy déti a mladeze.
Upraveno dle Vignerova et al., 2006 (78).

chlapct byl pred 100 lety ukoncéen po 20. roce, v soucasnosti jiz pred 18. rokem. U divek je obdobi
sledovani byli 18leti chlapci v roce 2001 o 12 cm vy33i nez jejich vrstevnici z konce 19. stoleti, divky
010 cm (obr. 1a, 1b) (76, 78).

Od 80. let 20. stoleti se zacaly objevovat prvni zminky o ,vyznivani” sekuldrniho trendu nardstu
vysky, nejprve v predskolnich vékovych kategoriich (58), pozdéji i u prepubertalnich déti a puber-
talnich divek (77). U poslednich dvou CAV (1991 a 2001) bylo dolozeno zpomalovani trendu zvyso-
vani postavy u obou pohlavi, které bylo u divek mnohem vyraznéjsi nez u chlapcli. Porovndme-li
rozdily primérné télesné vysky chlapctd z let 1991 a 2001, rozdily vyssi nez 1 cm nachazime pouze
ve vékovych kategoriich nad 12 let s maximem 1,8 cm v kategorii tfinactiletych. U divek ¢ini nejvyssi
diference pouze 0,7 cm v kategorii dvanactiletych (76, 77).

Vyznivani sekuldrniho trendu, zvy3ovani télesné vysky a urychlovani nastupu puberty dokladala
i stagnace stfedniho véku menarche u Ceskych divek, kterd se dlouhodobé prakticky nezménila
a setrvavala az do roku 2001 na hodnoté 13 let. U chlapctd urcita akcelerace pubertédlniho vyvoje
a tim i nardst pramérné vysky v pubertalnich vékovych skupinach jesté probihala, coz doklada
pokles stfedniho véku nastupu mutace u ceskych chlapcd z hodnoty 14,5 roku v roce 1991 na
13,8 roku v roce 2001 (obr. 2) (77, 78).
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Obr. 2. Vék pravdépodobnosti menarche u divek a mutace u chlapcl v daném véku z dat CAV 2001.
Upraveno dle Vignerova et al., 2006 (78).

AKTUALNI STAV
Pohybovy aparat

Sprévny vyvoj viech slozek pohybového aparatu je primarné podminén mechanickou stimulaci (21,
22). Nedostatek pohybové aktivity, a to zejména v raném détstvi a pubertalnim véku vede k nega-
tivnimu ovlivnéni nejen rdstu a formovani kostry, ale postizeny jsou i mékké tkané - svaly a Slachy.
Insuficietni skeletdIni vyvoj pfedstavuje jednak poruchy formovéni skeletélnich struktur, které ptimo
souvisi s bipedalni lokomoci (64), zejména esovité zakfiveni patefe a formovani podélné nozni klen-
by, odrdzi se ale i velmi vyrazné ve vytvareni kvality kostni tkdné (denzity kosti) (39, 56, 57).

Studie Ceskych predskolnich déti, kterd zacala pilotnim projektem sledovéni déti v matefskych sko-
lach v roce 2013 a probihd dosud, jiz ve svych prvnich vysledcich dolozila az u 2/3 déti ve véku tfi
az Sesti let nespravné drzeni téla (sledovano na zakladé posturélnich standard(i dle Mathiase) (29).
Dal3im zdvaznym zjisténim bylo nedostate¢né formovani podélné nozni klenby spojené s laterdlnim
vyosenim pat (44). DGsledky jsou pak nejvice patrné na skeletalni posture, kdy dochazi k poruseni
osy dolnich koncetin ve smyslu valgézniho postaveni v kolennich kloubech, Sikmému postaveni
panve vici frontalni roviné (vlevo hieben lopaty kycelni kosti je posunut distalnéji) a averznimu
postaveni, tzv. protrakci ramen. To, spolecné s nedostatecnou tonizaci hlubokych zadovych svall
vede ke kyfoskoliotickému drzeni téla v proximalnim hrudnim segmentu patefe, coZ se projevuje
bolestivosti zad. V soucasné dobé probihd vyhodnocovéni souboru plantogrami a ndvaznd studie,
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kterd rozsifuje sledovéani déti az do prepubertélniho véku (kategorie 7 a 8letych). Ma tak za ukol zod-
povédét otazku, zda se v disledku nizsi mechanické stimulace chodidla prodluzuje doba formovani
podélné nozni klenby a posunuje se tak obdobi jeji fixace z predskolniho véku do prepuberty, nebo
se nozni klenba fixuje v nedostatecné kvalité a predstavuje trvaly handicap.

Dalsim obdobim s limitujicim vlivem na pohybovy aparadt a zejména kvalitu svalové tkané je
puberta. V obdobi pubertélni ristové akcelerace dochazi i k vyraznym zménam v télesném sloZeni.
U divek se fyziologicky zvysuje podil tuku, u chlapcli dochazi v diisledku anabolického pusobeni
testosteronu k dynamickému narGstu svalové tkané. | zde je ale k vyuziti rlstového potencidlu
potieba mechanické stimulace. Je potieba si uvédomit, Ze proliferace tkarovych struktur je ¢asové
omezena. Kazd4 tkan ma svoji geneticky naprogramovanou proliferacni schopnost a po dosazeni
findlniho stavu se jeji rGstova aktivita omezuje na regeneracni procesy (15, 55). Pokud tedy jedinec
nevyuzije prolifera¢ni potenciél tkané jeji spravnou stimulaci, je po dosazeni limitniho stavu handi-
cap v jejim vyvaoiji jiz trvaly. To plati zejména o svalové a kosterni tkéni. Sportovni a posilovaci aktivity
mladych muzd, ve snaze o formovani postavy pak tento nedostatek nejsou schopny kompenzovat,
naopak dochazi k mikrotraumatizaci Uponovych struktur, které se manifestuji napf. jako epikondy-
lopatie humeru, achillodynie nebo dokonce rupturou tendo calcanei. Nedostate¢na mineralizace
kostni tkané a tim i nizkd hodnota tzv. peak bone mass (PBM) jsou pficinou osteopordzy v casné
dospélosti. Disledkem metabolické poruchy kostni tkdné vznikaji mikrofraktury, prestavbové zlo-
meniny a fraktury v predilek¢nich oblastech kostry (34).

Motoricka zdatnost

Insuficientni rozvoj aktivni télesné hmoty a nizka fyzicka zdatnost jsou hlavnimi pficinami nedosta-
tecné motorické vykonnosti dnednich déti a adolescentt. Jak ukdazal projekt Ministerstva Skolstvi,
mladeze a télovychovy (13), ktery sledoval na zakladé baterie standardizovanych testd hlavni
aspekty motorické zdatnosti déti ve vybranych rocnicich zékladnich a stfednich $kol, vykonnost
a télesna zdatnost jsou v porovnani s normativy z 90. let 20. stoleti na velmi nizké Urovni. Zejména
vytrvalostni schopnosti, testované na zakladé ¢lunkového béhu, nedosahly u chlapcli dokonce ani
sttedni hodnoty div¢i normy. Propad vykonnosti u divek byl také velmi vyrazny (13).

Nizka motorickd zdatnost ma vsak svij pocatek jiz v predskolnim véku. Jak dokladaji studie ceskych
predskolnich déti (66), nedostatecny rozvoj svalstva, zejména na dolnich koncetinach, vede k nizké
vykonnosti v silovych a vytrvalostnich aktivitach. Jednozna¢né vyraznéjsi propad motorickych
schopnosti byl dolozen u déti se skrytou (latentni) formou obezity, u kterych je vyrazné;jsi handicap
v rozvoji muskulatury nez u déti zjevné obéznich (48).

Viechny tyto aspekty vyznamné ovliviuji cely dalsi Zivot jedince, zejména pak i moznost jeho
pohyblivosti ve stafi, kterd je casto limitujicim faktorem kvality Zivota v pozdnim véku.
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Nadvaha a obezita

S negativnimi trendy v zZivotnim stylu, tedy primarné s nedostatkem pohybu a nespravnym
stravovanim souvisi i vyrazny narlst nadvahy a obezity v détské populaci. Tento vysoce aktudlni
sekularni fenomén s celospole¢enskym dopadem zasadné ovliviuje rist a vyvoj ditéte, a to jiz od
raného véku (54). Od druhého roku Zivota se dynamicky rozviji zejména svalova soustava ditéte
a dochézi k fyziologickému poklesu podilu tukové tkédné. Tento trend doklada i vyvoj Body mass
indexu (BMI), jehoz kfivka v tomto obdobi klesa. Zlom v pribéhu kiivky BMI, tedy dosazeni mini-
malni hodnoty, od které pak kfivka kontinualné naristd, se oznacuje jako adipozity rebound (AR)
(79). Casny AR je silné asociovén s rozvojem obezity v pozdéjsim véku (35, 61) a s rozvojem zavaz-
nych metabolickych komplikaci (28, 40, 60). Trend nedostate¢né pohybové aktivity (52), kdy jiz
predskolni déti travi u obrazovek a mobilnich zafizeni ¢im dél vice ¢asu (53), posouva vék rozvoje
nadvéhy a obezity do tohoto exponovaného obdobi (54, 62). Rada studii pFinasi jasné dikazy, ze
hlavni pfi¢inou zvySovani prevalence nadvéhy a obezity v raném véku je pravé nedostatek pohy-
bové aktivity (31, 37, 51, 66, 74). Specifika motorického a somatického vyvoje v predskolnim
véku odrazeji i doporuceni Svétové zdravotnické organizace (WHO) z roku 2020, kterd pro déti do
5 let uvadi minimalni limit 180 minut pohybové aktivity denné, z toho jedna hodina by méla byt
v zéné stiedni az vysoké intenzity (81).

2022 (75), ktera hodnotila efekt lockdownu v priibéhu pandemie Covid-19 na zakladé matematic-
kého modelovani riistovych dat. Studie pfinesla alarmujici vysledky narlstu prevalence nadvéhy,
obezity a zejména zévazné formy obezity (BMI > + 3 SD), a to nejvice v peripubertalnim véku. U 9,
11 a 13letych déti se pohybuje prevalence nadvahy a obezity nad 25 % (klasifikace dle WHO), u 11
a 13letych chlapct dokonce prekracuje 35 % (obr. 3a, 3b). Také se zcela zménil trend, kdy jsme dfive
vétSinou pozorovali vy3si procento déti v kategorii nadvahy, aktualné vyrazné u obou pohlavi pre-
vlada podil obéznich jedincl. Studie sledovala i vyvoj prevalence nadvahy a obezity v letech pred
pandemii (2015-2019). Jak ukazuji obrazky 4a a 4b lisi se trend dle vékovych kategorii. Zatimco u 5
a 7letych déti pozorujeme spise stagnaci ve vyvoji prevalence, u déti v pubertalnim véku je jiz diive
zfejmy narudst obezity, vyraznéjsi u chlapcd. Obdobi covidového lockdownu pak vedlo ke skokové-
mu zvyseni prevalence ve viech vékovych skupinéch (75).

Relativni novinkou je efekt tzv. skryté neboli latentni obezity (67). Tento jev pfimo souvisi s nedosta-
tecnou pohybovou aktivitou, resp. rozvojem aktivni télesné hmoty, ktera je nahrazovana tukovou
tkani. Jedna se tedy o skryté zmnozeni tukové tkané pfi normalnich hodnotach BMI, které bézné
metody skreeningového a klinického posuzovani nutri¢niho stavu ditéte neodhali. Metabolické
a kardiovaskuldrni dasledky jsou vsak stejné jako u obezity zjevné, tedy se zvy$enou hmotnostni
proporcionalitou (16, 80). Z pohledu této skute¢nosti je pak zfejmé, Ze Udaje o prevalenci nadvahy
a obezity v détské populaci, které jsou standardné zpracovavany na podkladé kategorizace hodnot
BMI, jsou zna¢né podhodnocené. To dokladaji i vysledky porovnani odhadu prevalence nadmérné
hmotnosti u ¢eskych predskolnich déti na podkladé BMI a redlného procenta télesného tuku (67),
kde BMI uvadi o 5 az 10 % niz8i hodnoty.
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Obr. 3a. Prevalence nadvéhy (+ 1 SD-BMI), obezity (+ 2 SD-BMI) a zavazné obezity (+ 3 SD-BMI) po covidovém
lockdownu v roce 2021 u ¢eskych chlapct (n = 1759).
Upraveno podle Vazna et al., 2022 (75).

Distribuce télesného tuku

Dal$im vyraznym sekuldrnim fenoménem je zména distribuce télesného tuku. Situace je odlisna
u prepubertélnich déti a v pubertalnich a adolescentnich vékovych skupinach. U mladsich déti
prevlada centralni distribuce tuku a ukladani tuku na dolnich koncetinach, resp. v oblasti stehna,
kde nahrazuje v dusledku nizké pohybové aktivity nedostatecné rozvinutou muskulaturu. Primarné
predilekéni oblasti je pak bficho (54, 66), kde je kumulace podkozniho tuku pfimym koreldtem tuku
viscerdlniho a predstavuje tak vysoké zdravotni riziko jiz od predskolniho véku. Sekularni zmény
v tloustce vybranych koznich fas u predskolnich ¢eskych déti ukazuji obrazky 5a a 5b. V pubertal-
nim véku je aktualné predilek¢nim mistem kumulace tuku, a to u obou pohlavi, oblast hyzdi a steh-
na. To spolu s estrogeniza¢nimi zménami v rlstu velké panve piinasi u chlapcd zjevnou feminizaci
jejich télesnych proporci (viz dale).
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Obr. 3b. Prevalence nadvéhy (+ 1 SD-BMI), obezity (+ 2 SD-BMI) a zdvazné obezity (+ 3 SD-BMI) po covidovém
lockdownu v roce 2021 u ¢eskych divek (n = 1758).
Upraveno podle Vazna et al., 2022 (75).

Obezita a puberta

Obezita ma velmi vyznamny vliv na pubertalni vyvoj ditéte. Vék nastupu puberty vykazuje nega-
tivni korelaci s prepubertalnimi hodnotami BMI. Karlberg, 2002 (38) uvadi, ze zvyseni hodnoty
BMI od vékového praméru o jednotku (1 kg.m™2) urychluje pubertu u obou pohlavi o 0,13 roku.
Tento stav souvisi s nadmérnou produkci leptinu, ktery je jednim z hlavnich spoustécd puberty,
a také s vyznamnou produkci estrogend tukovou tkéni (69, 70). U divek dochazi k akceleraci riistu
a pubertalniho vyvoje, urychluje se i kostni zrani (kostni vék) (7, 14). Diivéjsim nastupem puberty
a, v dusledku urychleni uzavéru rlstovych plotének, vlivem zvysené hladiny estrogen dochdzi
k negativni bilanci cilové vysky ve vztahu ke genetické ristové dispozici. Zvysené hladiny estroge-
nG jsou pricinou i dfivéjsiho dosazeni pubertalniho vrcholu rlistové rychlosti a ¢asnéjsiho nastupu
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Obr. 4a. Trend vyvoje prevalence nadvéhy (+ 1 SD-BMI), obezity (+ 2 SD-BMI) a zadvazné obezity (+ 3 SD-BMI)

pred covidovym lockdownem u ¢eskych chlapct ve véku 5 az 17 let (n = 1759).
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Obr. 4b. Trend vyvoje prevalence nadvahy (+ 1 SD-BMI), obezity (+ 2 SD-BMI) a zédvazné obezity (+ 3 SD-BMI)

pred covidovym lockdownem u ¢eskych divek ve véku 5 az 17 let (n = 1758).
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Obr. 5a. Sekularni zmény tloustky koznich fas (méfeno kaliperem typu Best v milimetrech) u ¢eskych chlapct, pri-
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Obr. 5b. Sekularni zmény tloustky koZnich fas (méfeno kaliperem typu Best v milimetrech) u ¢eskych divek, pri-
mérna hodnota ve véku 4-6 let. Signifikantni nardst kozni fasy suprailiakalni (p = 0,0001), na bfise (p = 0,0001) a na
stehné (p = 0,001). Data - referen¢ni soubor predskolnich déti z roku 1990 (4), soucasny soubor déti z matefskych
Skol (méfeno 2016-2023, n = 397).
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menarche (26, 30, 63). Zkraceni periody prepubertalniho ristu a pfipadny prekotny priibéh puber-
ty tak mize negativné ovlivnit cilovou vysku.

Pozorovani vztahu télesné hmotnosti a nastupu pubertalniho spurtu, resp. véku menarche bylo
publikovano jiz Frischem a Revellem pied vice jak 40 lety (18, 19). Tato hypotéza byla pozdéji
doplnéna o vztah dynamiky pubertalniho vyvoje u divek a prahové hodnoty télesného tuku (20).
Nasledné se objevily studie s kritickym hodnocenim této hypotézy (23, 65, 73). Dnedni doba se
k plivodni hypotéze Frische a Revella vraci. Pozdéjsi empirickd pozorovani i fada studii jednoznacné
dfivéjsi nastup puberty u divek s nadmérnou hmotnosti potvrzuji (2, 14, 41, 42, 43, 59).

Presto existuji nazory, ze sekularni akcelerace puberty u divek neni primarné podminéna narstajici
prevalenci nadvahy a obezity v détské populaci, nebot probihd i u hmotnostné proporcnich divek
(27). V této studii je prezentovan stagnujici trend stfedniho véku menarche, ktery jiz od 60. let 20.
stoleti z(istdvd neménny ve vétsiné statd Evropy (Némecko, Svédsko, Dansko, Finsko, Holandsko).
Zasadnim markerem v3ak neni télesnd hmotnost, resp. hmotnostné-vyskova proporcionalita ditéte,
ale mnozstvi télesného tuku. Vysledny efekt pubertalni akcelerace je pak podminén metabolickou
a hormonalni aktivitou tukové tkané (2, 17, 25, 49, 70). Jak je ziejmé, BMI je pouze orientacnim
markerem a i u jeho normélnich hodnot mdzeme nalézt vy3si podil tukové tkané v poméru k aktivni
télesné hmoté (60), viz vyse uvedend problematika skryté (latentni) obezity (67). Objektivnim hod-
nocenim vztahu sekularni akcelerace puberty u divek a nardstu prevalence nadvahy a obezity by tak
byla pouze analyza zévislosti nastupu puberty a menarche ke stupni télesné adipozity (8, 33, 69).

U chlapcd je situace ponékud odlisna. Estrogeny z tukové tkané mohou, stejné jako u divek, urychlit
rlst a kostni zrani, objevuji se i znamky sekundarnich pohlavnich znakd. Pubertalni vyvoj je viak
veden Zenskym smérem, jednd se o formu periferni pfed¢asné a ¢asné puberty s heterosexudlnim
vyvojem. Vlastni pubertélni osa je ¢asto blokovand, typicka je absence testikuldrni aktivace nebo
nedostatecna progrese testikularniho vyvoje i rlistu penisu (7, 71). MiZe se tedy naopak klinicky
manifestovat obraz opozdéné puberty s projevy suspektniho hypogonadizmu a hypogenitalizmu.
Vyznamna je pfitomnost gynekomastie jiz v pocate¢ni fazi pubertalnich zmén (nutné odlisit od
pseudogynekomastie na podkladé hromadéni tukové tkané), kterd signalizuje receptorovou citli-
vost jedince na estrogeny.

Mechanizmus adipdzni estrogenizace se uplatriuje v piimé estrogenizaci organizmu periferni kon-
verzi testosteronu na estron vlivem enzymu aromatazy z tukové tkané (68). Jeji exprese a nasledna
koncentrace je tkanové specifickd, s vy$si mirou v gonadach, mozku, prsni zlaze a tukové tkani
(72). Primarni funkci tohoto enzymu je konverze androgend (primarné testosteronu) na estrogeny
(primarné estradiol). Celkovy dopad na organizmus viak nespociva jen ve zvyseni hladin estrogen(.
U chlapcl a muzd dochézi k depleci testosteronu s celou skalou navazujicich komorbidit. Estrogeny
vedou k akumulaci tukové tkédné a dalsimu zvySeni mnozstvi aromatazy (9, 24). Tento mechanizmus
pozitivni zpétné vazby jiz byl nejen teoreticky popsan, ale i experimentalné ovéren (1, 10).

Uvedené zmény v hormondlni regulaci se odrazi i ve skeletdlnim rdstu a morfogenezi, zejména
v ovlivnéni mechanizmu intersexualni diference rlstu velké panve v obdobi puberty. U ¢lovéka je
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vychozim morfologickym modelem muzsky (androidni) typ panve, ktery je u divek vlivem plsobeni
estrogenu v puberté transformovan na typ zensky (gynoidni) (36). Studie Novak et al., 2020 (50) pak
na souboru ¢eskych muzl dolozila silnou zavislost mezi relativni Sitkou panve v mladé dospélosti
(bikristalni Sitka / télesna vyska) a vyssi adipozitou v obdobi puberty. Relativné sirsi panev se rovnéz
odrazela v mife estrogenizace vyjadiené pomérem slinného estradiolu a testosteronu. Jak ukazuje
obrazek 6, chlapci s vysokym podilem télesného tuku maji pubertalni profil vyvoje relativni Sirky
panve velmi podobny divkdm a dosahuji i vyrazné vyssich hodnot $itky panve v dospélosti.

ZAVER

Zivotni styl a stravovaci ndvyky vyznamné ovliviuji zdravotni stav populace. V détském véku jsou
pak pfimo urcujicimi faktory spradvného rlstu ditéte a fyziologického pribéhu puberty. Kriticky
nedostatek pohybové aktivity u souc¢asnych déti se odrazi v poruchach formovani struktur pohybo-
vého aparatu, zejména sagitalniho zakfiveni patefe a podéIné nozni klenby. Negativné ovlivnéna je
i kostni denzita a rozvoj muskulatury. Relativné novym fenoménem, zejména raného véku, je vyskyt
skryté (latentni) obezity, kde je nedostatecny rozvoj svalové tkdné, zejména na dolnich koncetinach,
nahrazovan do proporéniho objemu daného segmentu tukem. Celkovy podil tukové tkané ditéte
je tak nadlimitni, v sumarni hmotnosti, resp. SD-BMI se viak neprojevi. Tukové tkan svoji hormo-
nélni aktivitou vyrazné ovliviiuje pubertaini vyvoj jedince. Snizuje vék ndstupu puberty, mnohdy
urychluje i jeji prlibéh. Tim vyrazné zkracuje prepubertalni rlist i obdobi pubertalniho spurtu, coz
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Adipozita
— divky
nizka adipozita
— normalni adipozita
— vysoka adipozita

16,0

bikristalni sitka panve/télesna vyska

15,5

15,0

10 15 veék (roky)

Obr. 6. Ontogeneticky vyvoj relativni Sitky panve (bikristalni Sitka/ télesna vyska x 100) u ¢eskych déti; u chlapct
v rozliseni miry adipozity (nizka = 1. kvartil , stfedni = 2. a 3. kvartil, vysoka = 4. kvartil adipozity v daném roce
Zivota). Zdroj dat — soubor ¢eskych déti z let 1985-1993, vék 7-18 let, n = 7348.
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vede ke snizeni cilové vysky ditéte vici jeho genetické rastové dispozici. U chlapcl pak hormony
tukové tkané plsobi na pubertalni vyvoj restriktivné, blokuji pohlavni vyzravani a vedou k prvkdim
feminizace ve formovani postavy.
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SUMMARY

Isolated macrodactyly of the hand is a rare severe congenital disease that is usually not inherited.
It occurs in approximately 1/50,000-1/100,000 live births.

The clinical findings and presentation with apparent territorial soft tissue and bone overgrowth are
pathognomonic of lipomatosis of nerves, which involves benign fibro-fatty infiltration.

The aims of this presentation is to summarize the current knowledge about the etiopathogenesis
of hand macrodactyly, where somatic gain of function mutations of the PIK3CA gene, which can be
recently detected in the affected tissue, play a key role in the development of this disease.

The main aim is to present the result of surgical correction of overgrown phalanges of the 3 and
4" fingers in a boy aged 11.5 years, who was also diagnosed with a mild form of Poland syndrome.
The aim of the first operation was reduction of lipofibromatous tissue, neurolysis of the n. medianus
and digital nerves, release of the carpal tunnel and arrest of the growth of the affected fingers by
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drilling epiphysiodesis. Histological and histochemical investigation proved nerve with lipofibroma-
tous tissue of the palm. The timing of this operation was based on the method of anthropometric
prediction of bony overgrowth of the affected fingers using comparative radiographs of both hands,
data for hand growth from anthropometric research and comparison with the radiograph of the
patient’s father’s hand. The second operation was performed at 12 years and 10 months to remove
hypertrophic scars and deepen the interdigital space between the 3" and 4" toes. The result of
surgical treatment at the age of 14 years and 3 months can be assessed as relatively good in terms
of cosmetic and functional aspects. However, progression of lipofibromatous hamartoma n. media-
nus at older age and premature osteoarthritis of the digital joints of the affected fingers cannot be
excluded. Surgical treatment of hand macrodactyly should be left exclusively to those trained in
congenital hand deformities. As tissue from the pathological lesion was not available at present, it
was not yet possible to investigate somatic pathogenic variants in the AKTT and PIK3CA genes. No
pathogenic or likely pathogenic variant was found from blood samples.

The coincidence of macrodactyly and incompletely expressed Poland syndrome in our patient
deserves attention.

Keywords: macrodactyly, overgrowth, hand dysplasia, lipofibromatous hamartoma, median nerve,
PI3K-AKT, somatic mosaicism, epiphysiodesis, debulking, Poland syndrome

INTRODUCTION

Isolated macrodactyly affecting the digits of the upper or lower extremity is a rare non-hereditary
congenital malformation. It occurs in approximately 1/50,000-1/100,000 live births and varies
according to regional and ethnical demographics (34, 5, 18). The fingers are abnormally large due
to overgrowth of the finger skeleton and soft tissues, which involve muscle and predominantly
fibro-adipose tissue. Skeletal pattering and gross morphological features of the digits are pre-
served (24, 17). Patients suffer from functional, cosmetic and psychological problems.

Enlargement of one or multiple digits, was described in the literature nearly 200 years ago. However,
the etiopathogenesis of this disease has only begun to be elucidated in the last decade.

The diagnosis of macrodactyly should be reserved for patients with isolated congenital digit over-
growth affecting all tissue types. Clinical presentation and natural history of macrodactyly can vary
greatly among patients. Macrodactyly in hand has a preference for the median nerve territory, main-
ly involving index, thumb and middle finger (40). Pedal macrodactyly prefers medial plantar nerve
territory, the second toe is the most commonly affected (6). It may present at birth and combine
with syndactyly, digital deviation, thenar eminence hypertrophy, palm and forearm hyperplasia.
Most patients suffer from progressive overgrowth. (5). Tissue overgrowth can progress excessively
even during adult life (31).
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ETIOPATHOGENESIS

The cause of macrodactyly remained unknown for along time. Somatic (postzygotic) mutations
in genes affecting cell growth were considered. However, only new technologies (whole-exome
sequencing) have made it possible to detect somatic mutations present in the affected tissue. After
2010, the first papers have appeared pointing to a key role of the PIK3CA gene in the development of
this disease (20, 27). Recently, somatic gain of function mutations in the PIK3CA gene were detected
in the affected tissue by other authors (34, 18, 24, 2). This gene encodes the alpha catalytic subunit
of phosphatidylinositol-4,5-bisphosphate 3-kinase, a member of the phosphatidylinositol 3-kinase
(PI3K) enzyme family, which is a critical member of the PI3K-Akt-mTOR signalling pathway media-
ting cell proliferation, survival and metabolism through enhancement of lipid kinase activity (18,
34, 24). Mutations in the PIK3CA gene has been also identified in other multiple overgrowth disor-
ders, which are now, together with macrodactyly, grouped as PIK3CA-related overgrowth spectrum
(PROS) disorders (14, 15, 34, 24, 31): congenital lipomatous overgrowth, vascular malformations,
epidermal nevi and skeletal/scoliosis/spinal abnormalities (CLOVES syndrome), Klippel-Trenaunay
syndrome (KTS), megalencephaly-capillary malformation (MCAP), dysplastic megalencephaly
(DMEG), and capillary malformation of the lower lip, lymphatic malformation of the face and neck,
and asymmetry and partial/generalized overgrowth (CLAPO syndrome). Signalling pathway PI3K-
AKT-mTOR is shown schematically in Figure 1. Mosaic AKT1 gene pathological variants are known
to cause Proteus syndrome (19). In a group of 24 patients with isolated macrodactyly, Tian and
colleagues (34) identified 4 patients with a mosaic AKTT p.Glu17Lys variant characteristic of Proteus
syndrome. However, according to the skin presentation characteristic for this disease, these patients
met the diagnostic criteria of Proteus syndrome. Other analyses identified the PIK3CA gene as the
seed gene that causes the phenotype of isolated macrodactyly (18, 24).

These findings represent a significant advance in the understanding of the etiopathogenesis of
macrodactyly. Nevertheless, the causes and regulatory activities that shape hyperplastic signals that
lead to integrated patterning in overgrowth remain unclear (24).

Long before the discovery of the molecular genetic changes underlying macrodactyly, surgeons
had noticed that overgrowth generally affects the territory of distribution of a single nerve (38, 22,
6, 40, 32). Peripheral nerves in the involved territory are usually markedly enlarged, with benign
fibro-fatty infiltration (16, 21, 7, 32, 22, 23). This distinctive disease pattern can be visualized on
plain radiographs. The case presented by Sir Robert Jones in 1898 before the London Pathological
Society represents a landmark in the radiological imaging of peripheral nerve lesions (21). Feriz
et al. (8) describing localised gigantism involving the lower limb used the term macrodystrophia
lipomatosa (MDL). Some experts continue to consider it the most appropriate designation for the
disease described (32, 22, 23). The highly consistent distribution of the nerve abnormality and
the tissue hypertrophy indicated macrodactyly as being a nerve-mediated overgrowth (6, 35, 24).
A potential etiology of nerve directed function underlying this disorder was proposed by Moore as
early as in 1942 (25) and has been suggested by other authors (13, 29, 12). The question is how to
approach these old findings and hypotheses in the light of new genetic findings. As a number of
authors have demonstrated, PIK3CA gene mutation leads to the activation of the PI3K-AKT-mTOR
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Figure 1. Schematic representation of the PI3K-AKT-mTOR signaling pathway. Adapted from Yehia & Joanne Ngeow
(41).

PI3K - phosphatidylinositol 3-kinase

PIP2 - Phosphatidylinositol 4,5-bisphosphate

PIP3 — phosphatidylinositol (3,4,5)-trisphosphate

PTEN - Phosphatase and tensin homolog, tumor supressor gene

AKT - AKT serine-threonine protein kinase

mTOR mammalian target of rapamycin signalling pathway

TSC1, TSC2 Tuberous sclerosis 1 (hamartin), Tuberous sclerosis complex 2 (tuberin)

PIK3CA Gain of function somatic mutations cause: megalencephaly-capillary malformation syndrome, CLOVES
(congenital lipomatous overgrowth, vascular malformation, epidermal naevi and skeletal/spinal anomalies), Klippel-
Trenaunay syndrome, Facial infiltrating lipomatosis, fibroadipose hyperplasia (including macrodactyly). Germline
mutations cause Cowden syndrome and megalencephaly-capillary malformation syndrome.

PIK3R2 germline/somatic mutations cause megalencephaly-polymicrogyria-polydactyly-hydrocephalus syndrome
(MPPHS)

Germline loss of function mutations of PTEN cause Cowden syndrome, Bannayan - Riley, Rucalcaba syndrome, PTEN
related autism spectrum disorder, Proteus syndrome

AKT1 - somatic gain of function mutations cause Proteus syndrome (macrodactyly is frequent), germline mutations
cause Cowden syndrome.

AKT3 - somatic mutations: hemimegalencephaly, germline mutations: MPPHS.

TSC1, TSC2 - loss of function mutations cause tuberous sclerosis. Macrodactyly is described as a rare manifestation in
the context of tuberous sclerosis complex (boy with bilateral macrodactyly) (30)

Cell membrane
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signalling pathway. McNamara et al. (24) found high proportion of altered PIK3CA transcripts
especially in nerve and adipose tissue. Activation of AKT protein has been demonstrated by immu-
nohistochemical analysis of serine-threonine kinase (AKT) monoclonal antibody (18). AKT protein
expression in the adipose tissue of patients with macrodactyly was higher than that of patients
with polydactyly (18). AKT protein, after which the signal is transmitted to the mTOR, resulting in
adipocyte proliferation and the enhancement of metabolism, causing the patients’ fingers/toes to
develop adipose tissue hyperplasia and nerve-fiber fat infiltration, finally leading to the enlarge-
ment of the fingers or toes to form macrodactyly (18).

TREATMENT

Macrodactyly is a rare disease with a very variable presentation. That is why there is still no standar-
dized protocol for the treatment, no standardized tool to evaluate surgical outcomes and follow-up
of the patients (34,10, 31). The treatment is a challenge even for an experienced surgeon.

There are several surgical techniques that make it possible to primarily reconstruct the affected
fingers rather than amputate. Cerrato et al. (5) presented experience with surgical techniques
that include soft tissue debulking, osteotomy for volume reduction or partial amputation, wedge
osteotomy for angulation correction, epiphysiodesis, transfer of fingers from the hand or foot, and
amputation of the rays. Surgical intervention is typically required to improve the size and function
of the affected digits. However, when an involved digit is rapidly progressive in size, ray resection
amputation may be the most appropriate treatment. (39).

The median nerve lipofibromatous hamartoma (LFH) treatment should be focused separately on
nerve compression symptoms and macrodactyly. Carpal tunnel release is the mainstay of treatment
for neuropathy (38). Other authors make similar recommendations (9, 33, 31,7). Ezaki (7) offers an
algorithm summary of assessment and treatment. Cavadas and Thione (4) documented a unique
case in which a combination of ray resection, partial finger resection, and toe transfer resulted in
a four-digit hand with acceptable function and cosmesis. However, despite the development of
new surgical techniques, the treatment of macrodactyly remains very difficult and, especially in
cases with progressive overgrowth, unsatisfactory. The hope for patients is medical targeted therapy
against PI3K-AKT1-mTOR pathway based on a deeper understanding of the etiopathogenesis (34,
24,7,37).

The aim of this presentation is to summarize the known findings on the etiopathogenesis of
hand macrodactyly and to show the result of surgical correction of overgrown phalanges in a boy
11.5 years old by means of carpal tunnel release, reduction of the lipofibromatous tissue, neurolysis
and drilling epiphysiodesis. The timing of this surgery was based on the anthropometric prediction
of bone overgrowth of the affected 3 and 4" rays and comparison with the radiograph of the
patient’s father’s hand.
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CASE REPORT

The boy was first examined at the Centre for Defects of Locomotor Apparatus at the age of 11 years
and 4 months for macrodactyly of the 3 and 4" fingers of the right hand. This congenital anomaly
of the hand, which is classified as a dysplasia according to Oberg et. al. (26), did not run in the family.

The current disease

The first signs of the disease were already observed at birth — a larger third finger of the right hand.
From the age of 1 year, enlargement of the fourth finger was also noticeable. Lymphoscintigraphy at
7 years showed normal lymphatic system of both upper extremities from wrist to subclavian region.
At 8 years of age, a genetic examination was performed with the following conclusion: suspected
non-genetic cause of isolated limb defect. Normal male karyotype 46, XY.

Color Doppler examination of upper extremity vessels at 8.5 years showed no vascular malformation
or flow changes in the right upper extremity.

Neurological examination at 9 years revealed Attention Deficit Hyperactivity Disorder (ADHD) and
social immaturity. Due to ADHD, the patient is being monitored by a paediatrician, and no medical
treatment has been instituted.

Rheumatological examination was performed at 9 years of age with the following findings: painless
swelling of the 2" 3 and 4™ fingers of the right hand, suspected lymphedema. Short-term lym-
phatic drainage was without effect.

Clinical, radiological and anthropological examinations were performed at the age of 11 years
and 4 months:

Anthropometric characteristics at age 11 years and 4 month

Body height: 153.6 cm (0.7 SD), weight 63 kg (2.3 SD), BMI 26.7 (2.4 SD) - obesity. Body propor-
tions are within the normal range (sitting height 79 cm, arm span 157.6 cm), the right upper limb
was 2.4 cm longer. Head circumference 55.5 cm (1.1 SD). Puberty (P2, testicular volume 6 ml) and
bone age according to Tanner RUS 12.6 years were slightly accelerated. This was consistent with the
growth curve. Growth was within the limits of hereditary growth potential. Hypoplasia of the left
pectoralis major muscle.

Figure 2 shows the phenotype at 13 years and 1 month and 14 years and 3 months.
The boy was obese. There was mild hypoplasia of the left pectoralis major muscle and mamilla
minora. Elevation of both upper limbs was unrestricted. The patient had mild orofacial stigmata

(epicanthus, high palate, malocclusion, larger incisors) and ADHD symptoms.

Macrodactyly is shown in the Figure 3a, b and at X-ray of hands - Figure 4.
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Figure 2a, b, c. Phenotype a. at 13 years and 1 month, c. at 14 years and 3 months. a, c. Note the hypoplasia
of the left pectoralis major and mamilla minora.
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Flgure 3a, b. Macrodactyly of the 3%aq’ flnger of the right hand (1 1 years 4 months). Note the swelllng in the

palm of the hand in the middle.
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Figure 4. X-ray of hands at age of 11 years and 4 months. On the right hand all phalanges of the 3" finger and the
distal phalanx of the 4" finger are longer; radial desaxation 8° at the level of the proximal interphalangeal joint of the
3¢ finger. Note the widening of the soft tissue shadow especially on the 3¢ finger and commissural between the 3¢
and 4" fingers.

We recommended to stop the longitudinal growth of the three phalanges of the 3¢ finger and the
distal phalanx of the 4" finger of the right hand by drilling epiphysiodesis.

The aim of the anthropological examination was to predict the residual growth of the 3% and 4"
finger into adulthood. Roentgenological growth charts of phalanges were not available, so we used
anthropometric data on hand growth (3) and comparison with the hand of the patient’s father.

The difference between the lengths of both hands was 8 mm. The left hand is expected to grow
normally. From 11.5 years to adulthood, the hand will grow another 35-40 mm, with a slight acce-
leration of puberty expected to be 30-35 mm. The growth of the third finger will be approximately
15 mm. Comparison with the X-ray of the father’s hand leads to the same value. The 3¢ finger on
the right hand will grow at least 1.2 times faster, a higher value is not excluded. We assume that the
3¢ finger of the right hand will grow another 18-20 mm. Early epiphysiodesis of the growth plates
on the 3" finger could not only prevent further progression but lead to length equalization. The
growth of the phalanges from the apophysis (so-called acrophysis) and into the width cannot be
influenced.
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Figure 5a. First surgery at 11 years and 6 months: planning the surgical approach; b. neurolysis of lipofibromatous
hamartoma n. medianus and digital nerves, which are very strong.
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Figure 5b. First surgery at 11 years and 6 months: neurolysis of lipofibromatous hamartoma n. medianus and digital
nerves, which are very strong.

Course of treatment

The first operation was performed at 11 years and 6 months: verification and neurolysis of lipofi-
bromatous hamartoma of median nerve and digital nerves. The carpal tunnel release, reduction
of the lipofibromatous tissue of the palm, 3%and 4™ fingers, drilling epiphysiodesis of the three
phalanges of the 3¢ finger and distal phalanx of the 4 finger were performed in one stage - see
Figure 5a, b.

Lipofibromatous tissue of the palm was histologically and histochemically examined. Figure 6a,
b shows a nerve with lipofibromatous tissue - a, and a detail of two nerves surrounded by lipofi-
bromatous tissue - b.

The surgical wound on the 3¢ finger healed per secundam due to necrosis of the wound margins.
A short skin syndactyly of the 3“and 4" fingers developed. A 20-degree distal interphalangeal (DIP)
joint contracture of the 3¢ finger was corrected with a night splint (Barinka’s splint) — see Figure
7a, b.
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o 3 - > n e s
Figure 6a, b. Histological and histochemical investigation of lipofibromatous tissue of the palm: a. nerve with
lipofibromatous tissue; b. detail of two nerves surrounded by lipofibromatous tissue.
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Figure 7a, b: a. hypertrophic scars of the 3and 4" fingers and short skin syndactyly; b. night splinting (with
Barinka’s splint) due to 20-degree contracture of the distal interphalangeal joint of the 3¢ finger.
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The second operation was performed at 12 years and 10 months to remove the hypertrophic scar
and the deep interdigital space between the 3%and 4" fingers - see Figure 8a. The wound healed
per primam. Passive flexion of the fingers of the hand is unrestricted and the sensitivity of the
3%and 4" fingers is reduced. Application of a night splint to correct the DIP joint contracture and
active and passive rehabilitation of the 3¢ finger of the right hand was recommended.

Results are demonstrated in photographs - Figures 8b, ¢, d, e.

At the age of 14.2 years, bone age accelerated to 15.8 years. This means that the longitudinal growth
of the hand is approximately complete. The length of the three phalanges of the 3¢ finger is 96 mm
on the right side, 94 mm on the left side and the length of the phalanges of the 4" finger is 89 mm
and 91 mm respectively — Figures 9a, b.

SELSY d
Figure 8a. Second operation at 12 years and 10 months: hypertrophic scars were removed and the interdigital space
between the 3" and 4" fingers was deepened.
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Figures 8b, c. Shows the result of surgical treatment at the age of 14 years and 3 months in terms of cosmetics and

the flexion of the 3 finger of the left hand at the same joint is 60°. Sensitivity at the distal joint of the 3" finger is

slightly reduced.

rd

function. The active flexion at the distal interphalangeal joint of the 3™ finger of the right hand is limited to 30°, while

rd
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Figure 8d, e. Shows the result of surgical treatment at the age of 14 years and 3 months in terms of cosmetics and
function. The active flexion at the distal interphalangeal joint of the 3¢ finger of the right hand is limited to 30°, while
the flexion of the 3" finger of the left hand at the same joint is 60°. Sensitivity at the distal joint of the 31 finger is

slightly reduced.
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Figure 9a, b. Result of surgical treatment: X-ray a 13 years Tm, b 14 years 3 m.
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Body height was 174.5 cm with prediction of 178 cm in adulthood. BMI 25.8.
Genetic examination

The patient underwent repeated genetic testing over several years. Array CGH was normal. NGS
panel examination — congenital bone anomalies (1029 genes): No clearly pathogenic or likely
pathogenic sequence variant was found. CNV analysis does not support the presence of deletion/
duplication of whole exons of these genes. No pathogenic/probably pathogenic variant was found
in the AKT1 gene.

As tissue from the pathological lesion was not available at present, it was not yet possible to inves-
tigate somatic pathogenic variants in the AKT7 and PIK3CA genes.

DISCUSSION

Macrodactyly is a rare disease classified in Nosology of genetic skeletal disorders (2023 revision) in
group 31: overgrowth syndromes and segmental overgrowth (36). Oberg (26) ranked it as a dys-
plasia in the classification of limb defects, namely hypertrophy. The diagnosis of macrodactyly
should be reserved for patients with isolated congenital digit overgrowth affecting all tissue types.
Research in recent years shows that it is caused by somatic mosaicism in the PIK3CA gene with high
proportion of altered PIK3CA transcripts found especially in nerve and adipose tissue (18). Clinical
presentation and natural history of macrodactyly can vary greatly among patients (5). The authors
present an interesting case of a boy with a relatively mild form of macrodactyly of the right hand,
which was treated surgically in two stages. The result of surgical treatment at the age of 14 years and
3 months can be assessed as relatively good in terms of cosmetic and functional aspects. However,
progression of lipofibromatous hamartoma of the n. medianus at older age and premature osteoar-
thritis of the digital joints of the affected fingers cannot be excluded (31).

There are a number of surgical techniques that make it possible to primarily reconstruct, not ampu-
tate, the affected fingers. Reconstruction does not result in normal fingers and requires multiple
surgeries to restore function and aesthetics. More long-term outcomes and insight into the biology
of the disease are needed to make more informed treatment decisions (5).

Macroscopic examination at the first operation (Fig. 5b) and histological and histochemical exami-
nations (Fig. 6a, b) confirmed nerve territory-oriented macrodactyly caused by lipofibromatous
hamartoma of the n. medianus, which occurs in approximately 1/3 of cases (33, 5, 40).

A potential etiology of nerve directed function underlying this disorder was proposed by Moore as
early as in 1942 (25) and has been suggested by other authors (13, 29, 12).

Unfortunately, genetic testing of the affected tissue was not performed in our patient because it
was not routinely available. Genetic testing of germinal DNA (NGS panel examination — congenital
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bone anomalies, 1029 genes) shows no clearly pathogenic or likely pathogenic sequence variants.
Based on our own experience and literature (11) we have ruled out Proteus syndrome (no skin and
bone tumours, no lower limb length discrepancy, no foot involvement and no deep vein thrombosis
or pulmonary embolism). Both clinical outcome and histological examinations are consistent with
literature data on patients with somatic mosaicism in the PIK3CA gene.

Mutations found in patients with macrodactyly also occur in tumours. However, according to Zhao
et al. (42), PIK3CA’s single pathogenic mutation cannot directly lead to tumours. Tumour develops
only when it occurs together with a pathological change in another gene. Macrodactyly has biologi-
cal characteristics that are not completely the same as those of tumours (18). It is noteworthy that
so-far no malignancies have been reported in patients with macrodactyly (7, 6, 31).

The issues of genotype and phenotype are not yet resolved. Tian et al. (34) show that patients with
macrodactyly deformities of the upper limbs tend to carry PIK3CA variants with mutations outside
the helical domain, while patients with deformities in the lower limbs have PIK3CA variants with
mutations in the helical domain (34). However, a significant heterogeneity in phenotypic presenta-
tions is observed even for the same variant which can cause both macrodactyly and other disease
from the PROS spectrum. McNamara et al. show that genetic modifiers may also play an important
role in the presentation of macrodactyly (24).

The presenting phenotype of the PROS disorders seems to depend on the timing of the somatic
mutation (34, 31), the tissue localization of the mutations, and the location of the mutation in the
embryo. Mutations that occur early during embryogenesis will generate many affected daughter
cells, potentially of distinct differentiation routes (stroma, fat, smooth muscle, endothelium, etc.),
which may result in larger and multiple body segments that are affected, such as in CLOVES syn-
drome. A mutation later in embryogenesis will produce lower numbers of mutated cells and yield
smaller lesions, such as in macrodactyly (31, 15).

Currently, genetic testing is important mainly in the differential diagnosis of Proteus syndrome,
which has a more severe course. However, we expect its importance to grow in the near future,
especially in terms of prognosis and causal treatment. So far, medical therapy targeting mTOR or
PIK3CA pathways has been used experimentally only in the most severe PROS patients (7, 37).

Interestingly, in our patient there is a coincidence with incompletely expressed Poland syndrome
(PS) affecting the thoracic musculature on the left side. Currently, PS is generally considered a spo-
radic disorder with no clear pattern of inheritance. The syndrome is thought to be related to a failure
of development of a specific artery or other interruption of blood flow during embryonic develop-
ment. Although genetic and environmental factors are likely to contribute to its development, the
specific genes involved have not been identified. However, there are also suggestions that PS also
represents a mosaic phenotype caused by asomatic mutation occurring during development,
with the severity of the phenotype depending on the time of occurrence of the mutation during
embryogenesis (11, 28, 1).
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CONCLUSION

Macrodactyly is one of the rare diseases with varying clinical presentation. Although the etiopatho-
genesis of the disease has been partially elucidated in the last decade, therapy remains primarily in
the hands of surgeons. Surgical treatment of hand macrodactyly can be a daunting task that is often
left exclusively to persons trained in congenital hand deformities.

The result of surgical treatment of hand macrodactyly in a boy at the age of 14 years and 3 months
can be assessed as relatively good in terms of cosmetic and functional aspects. However, progres-
sion of lipofibromatous hamartoma of the n. medianus at older age and premature osteoarthritis of
the digital joints of the affected fingers cannot be excluded.

The coincidence of macrodactyly and Poland syndrome in our patient deserves attention.

Insights into phenotypic and genetic spectrum of isolated macrodactyly may be helpful in perusing
a more precise and effective management of isolated macrodactyly.

A deeper understanding of the mechanisms that lead from a somatic gene defect to lipomatous
nerve involvement and overgrowth of body parts will lead to improved treatment options and
prevention of progressive overgrowth.
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ABSTRAKT

,Nozologie genetickych poruch skeletu” prosla jiz 11. revizi a nyni obsahuje 771 zaznam spojenych
s 552 geny, které odrazeji pokroky v molekularni genetice novych nemoci diky pokroku v techno-
logii sekvenovani DNA. Nejvyznamnéjsi zménou ve srovnani s predchozimi verzemi je pfijeti dya-
dického systému pojmenovani, ktery systematicky spojuje fenotypovou jednotku s genem, z néhoz
vznikd. Povazujeme to za vyznamny krok vpied, protoze dyadické pojmenovani je informativnéjsi
a méné nachylné k chybam nez tradi¢ni pouzivani Cislovani podle seznamu a eponym. Navzdory
prijeti dyadického pojmenovani byly vyvinuty snahy o zachovani pevné vazby na katalog MIM
a jeho historické udaje. Stejné jako u predchozich verzi mize byt seznam poruch a gent v Nozologii
uzite¢ny pfi zvazovani diferencidlni diagnézy v klinice, pti usmérnovani bioinformatické analyzy
sekvenovéani nové generace a poskytovani zdkladu pro nové pokroky v biologii a mediciné.

Kdyz byla v roce 1970 sestavena a publikovana prvni,,Nozologie®, jen malo z odbornik( predpokla-
dalo, Ze ziska tak dulezitou roli v oblasti genetické praxe a vyzkumu a ze bude motivovat k vytvoreni
jedenacté revize po 52 letech (tabulka 1). Presto dlivody, které podnitily vznik prvni ,Nozologie®,
jsou stejné jako ty, které vedly k soucasné nové revizi: vyrovnani se s mnozstvim novych informaci
o rostoucim poctu a rozmanitosti skeletalnich fenotypl s genetickym podkladem a snaha zajistit
spole¢ny systém pojmenovani pro usnadnéni diagnostiky a komunikace.

Rozpoznani chromozomovych aneuploidii na prechodu 50. a 60. let poskytlo biologicky zdklad pro
genetiky a zahdjilo prvni zlatou éru klinické genetiky. Konference o vrozenych vadach v letech 1969
az 1971 signalizovaly vzestup povédomi a vyznamu klinické genetiky v pribéhu Sedesatych let
a zahdjily plodné obdobi identifikace, vymezeni a popisu nemoci. V této souvislosti bylo zfejmé, ze
se u,chondrodysplazie” nejednd o jedinou diagndzu, ale Ze existuje mnoho odlisnych diagnéz; byly
napfiklad rozliseny a klinicky popséany diastroficka dysplazie, vrozena spondyloepifyzarni dysplazie
a takzvand ,pseudo-Morquio” dysplazie. Kromé toho biochemie umoznila rozlisit podtypy klinicky
podobnych poruch, pficemz nejvyznamnéjsim piikladem byly v té dobé mukopolysacharidézy.
Pfinos radiologickych znak a radiologl k vymezeni skeletalnich dysplazii si zaslouzi vyslovné uzna-
ni. V. mnoha pfipadech to byly pravé radiologické znaky a jejich vyvoj v zavislosti na case (,Ctvrty
rozmér” zdlrazriovany Andresem Giedionem), které umoznily nejen rozlisit mezi nemocemi, které
mély vnéjsi podobnost, ale také rozpoznat ,radiologicky podpis genu” u fenotypové odlisnych
poruch (napf. achondrogeneze typu 2 a spondyloepifyzarni dysplazie congenita) a vytvorit tak
prvni genové rodiny (Spranger, 1985) (a viz nize).

V roce 1970 byl vypracovan prvni prototyp ,Nozologie” (Nomenklatura konstitu¢nich (vniti-
nich) onemocnéni kosti, 1971; [International nomenclature of constitutional bone diseases.
Constitutional bone diseases without known pathogenesis], 1971; [International nomenclature of
constitutional diseases of bone], 1970; McKusick & Scott, 1971). V té dobé vsak byla prace nazyvéana
+Nomenklatura’, nikoliv nozologie; cilem bylo, aby vsichni odbornici pouzivali stejny nazev pro
stejnou nemoc.
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V 80. letech 20. stoleti se v nozologii zacala uplatiiovat molekuldrni kritéria, nejprve u osteogenesis
imperfecta s objevem genetickych variant v kolagenu 1. Koncept ,rodin kostnich dysplazii’, ktery
vznikl z rdznych patogennich variant v jediném genu, byl navrzen v 80. letech (Spranger, 1985)
a potvrzen v devadesétych letech, s nemocemi spojenymi s COL2A1 a FGFR3 jako vyznamnymi
ptiklady. Od té doby se Nozologie pohybuje na hrané mezi definovanim nemoci bud na zékladé kli-
nickych a radiologickych znakl nebo na zdkladé odpovédnych gent (Beighton et al.,, 1992; Bonafe
et al, 2015; Hall, 2002; International nomenclature and classification of the osteochondrodyspla-
sias (1997). International working group on constitutional diseases of bone, 1998; International
nomenclature of constitutional diseases of bone, 1979; International nomenclature of constitutional
diseases of bone. Revision, May 1983, 1983; Lachman, 1998; Mortier et al., 2019; Superti-Furga &
Unger, 2007; Warman et al., 2011).

Nozologie byla tradi¢né uspofddéna do skupin nemoci - zpoc¢atku na zékladé radiologickych kri-
térii, poté podle kritérii biochemickych (metabolickych drah) a nasledné stale vice podle funk¢nich
a molekularnich. Uspofadéani do skupin bylo zachovéno i v sou¢asné revizi, protoze poméha pfi
vyhledavani nemoci relevantnich pro nédlezy u konkrétniho pacienta. Na druhou stranu, pfiroda ma
vétsi komplexnost, nez Ize zachytit v Nozologii, a nds pokus o klasifikaci je tak nutné jak arbitrarni,
tak zjednoduseny, protoZze mnoho poruch muze byt klasifikovano do vice nez jedné skupiny. Proto
jsme se rozhodli vypustit termin klasifikace” z ndzvu; jednd se pouze o,Nozologii”.

Group number/  Group/name of disorder Inheritance Gene MIM Notes

nr. of disorder or locus Nr.

Group 1 1. FGFR3 chondrodysplasia group

NOS 01-0010 Thanatophoric dysplasia type 1 AD FGFR3 187600 Includes previous “platyspondylyic dys-
plasia type San Diego”

NOS 01-0020 Thanatophoric dysplasia (type 2), AD FGFR3 187601 Radiographic differences between types

FGFR3-related 1 and 2 are correlated to specific FGFR3

variants

NOS 01-0030 Severe achondroplasia with develop- AD FGFR3 616482

mental delay and acanthosis nigricans
(SADDAN), FGFR3-related
NOS 01-0040 Achondroplasia, FGFR3-related AD FGFR3 100800

NOS 01-0050 Hypochondroplasia, FGFR3-related AD FGFR3 146000

See also group 33 for craniosynostosis syndromes linked to FGFR3 variants, as well as CATSHL in group 30 and LADD syn-
drome in group 40 for other FGFR3-related phenotypes; rare FGFR3 missense variants have been reported in idiopathic short
stature but a causal link is not yet established and their significance remains unclear

Group 2 Type 2 collagen disorders
NOS 02-0010 Achondrogenesis, COL2A1-related AD COL2AT1 200610 Achondrogenesis type 2 and hypo-
(formerly type 2, type Langer-Saldino) chondrogenesis form one phenotypic
continuum
NOS 02-0020 Hypochondrogenesis, AD COL2A1 200610 Achondrogenesis type 2 and hypo-
COL2A1-related chondrogenesis form one phenotypic
continuum
NOS 02-0030 Platyspondylic dysplasia, type Torrance, ~ AD COL2A1 151210 Often variants in the C-propeptide of
COL2A1-related collagen 2
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Group number/  Group/name of disorder Inheritance Gene MIM Notes

nr. of disorder or locus Nr.
NOS 02-0040 Spondyloepiphyseal dysplasia congenita AD, AR* COL2AT1 183900, Includes mild SED with premature onset
(SEDC), COL2A1-related 604864 arthrosis, also known as osteoarthrosis
with mild chondrodysplasia; includes
Namaqualand type hip dysplasia. Mild
SED cases may resemble MED (see note).
AR*: very rare SED cases with biallelic
COL2AT1 variants have been reported
NOS 02-0050 Spondyloepimetaphyseal dysplasia, AD COL2A1 184250, Also known as “SED with marked meta-
COL2A1-related 184253, physeal changes”. Includes SEMD type
184255, Strudwick, SMD type Algerian, SED type
616583  Stanescu, dysspondyloenchondroma-
tosis, and some cases of SMD “corner
fracture” type
NOS 02-0060 Kniest dysplasia, COL2A1-related AD COL2AT1 156550
NOS 02-0070 Spondyloperipheral dysplasia, AD COL2AT1 271700 Like Torrance dysplasia, often variants in
COL2A1-related the C-propeptide of collagen 2
NOS 02-0080 SED with metatarsal shortening, AD COL2AT1 609162 Often associated with the p.R275C vari-
COL2A1-related ant; formerly “Czech dysplasia”
NOS 02-0090 Stickler syndrome, COL2A1-related AD COL2AT 108300 Monoallelic loss-of-function variants; see
also COL11A1, COL11A2, COL9A1, COL9A2,
COL9A3
NOS 02-0100 Dysplasia of the proximal femoral AD COL2A1 150600, Heterogeneous condition, not all cases
epiphyses, COL2A1-related 608805 are due to COL2A1 variants (usually
p.G393S; p.G717S; p. G1170S). The condi-
tion called “Meyer dysplasia of the hip”is
not associated with COL2AT variants
See also the pseudoachondroplasia-multiple epiphyseal dysplasia group for recessively inherited variants of Stickler syndrome
as well as for overlapping phenotypes with normal stature and premature onset arthrosis; as well as spondylometaphyseal
dysplasia Sutcliffe (or “corner fractures” type), FN1-related
Group 3 Type 11 collagen disorders
NOS 03-0010 Stickler syndrome, COL11A1-related AD, MOS COL11A1 604841 Can also result from somatic mosaicism
for a COL11A1 variant
NOS 03-0020 Marshall syndrome, AD COLT1A1 154780 One report with homozygous p.G901E
COL11A1-related variant in two affected sibs (PMID
22499343)
NOS 03-0030 Stickler syndrome, COL11A2-related AD COL11A2 184840
(non-ocular type)
NOS 03-0040 Fibrochondrogenesis, AR, AD COL11A1 228520
COL11A1-related
NOS 03-0050 Fibrochondrogenesis, AR, AD COL11A2 614524
COL11A2-related
NOS 03-0060 Otospondylomegaepiphyseal dysplasia AR COL11A2 215150
(OSMED), recessive type, COL11A2-related
NOS 03-0070 Otospondylomegaepiphyseal dysplasia ~ AD COLT1A2 184840 Formerly Weissenbacher-Zweymiiller
(OSMED), dominant type, syndrome and Stickler syndrome type 3
COL11A2-related
See also Stickler syndrome type 1 in collagen 2 group (Group 2) as well as recessive forms of Stickler syndrome in the
pseudoachondroplasia-multiple epiphyseal dysplasia group (Group 9) Sulfation disorders
Group 4 Sulfation disorders
NOS 04-0010 Achondrogenesis, SLC26A2-related AR SLC26A2 600972 Formerly known as achondrogenesis,
(formerly achondrogenesis type 1B, type Fraccaro
or type Fraccaro)
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Group number/  Group/name of disorder Inheritance Gene MIM Notes
nr. of disorder or locus Nr.
NOS 04-0020 Atelosteogenesis, SLC26A2-related AR SLC26A2 256050 Includes former entities de la Chapelle
(formerly atelosteogenesis type 2) dysplasia, McAlister dysplasia, and
neonatal osseous dysplasia
NOS 04-0030 Diastrophic dysplasia, AR SLC26A2 222600
SLC26A2-related
NOS 04-0040 Multiple epiphyseal dysplasia, AR SLC26A2 226900 See also multiple epiphyseal dysplasias
SLC26A2-related (autosomal and pseudoachondroplasia group
recessive type, rMED) (group 9)
NOS 04-0050 Spondylo-epi-metaphyseal dysplasia, AR PAPSS2 612847 Formerly “SEMD Pakistani type”; includes
PAPSS2-related the former “recessive brachyolmia, rece-
ssive type” as well as the older entities
“Toledo brachyolmia”and “Hobaek
brachyolmia”
NOS 04-0060 Chondrodysplasia with congenital joint AR IMPAD1 614078 Some features similar to Catel-Manzke
dislocations, IMPAD1-related syndrome, TGDS-related, as well as to
Desbuquois syndrome, CANT1-related
NOS 04-0070 Chondrodysplasia with congenital joint AR CHST3 143095 Includes recessive Larsen syndrome,
dislocations, CHST3-related humero-spinal dysostosis, and SED type
Omani
NOS 04-0080 Chondrodysplasia with hypomyelinating AR SLC35B2 See
leucodystrophy, 610788
SLC35B2-related
NOS 04-0090 Ehlers-Danlos syndrome, musculocon- AR CHST14 601776 Includes adducted thumb-clubfoot
tractural type, CHST14-related syndrome
NOS 04-0100 Ehlers-Danlos syndrome, musculocon- AR DSE 615539
tractural type, DSE-related
NOS 04-0110 Osteochondrodysplasia, brachydactyly, AR CHST11 618167
and overlapping malformed digits
(OCBMD), CHST11-related
NOS 04-0120 Developmental delay with corpus AR HS2ST1 619194
callosum, skeletal, and renal
abnormalities, HS2ST1-related
See also filamin disorders (Group 6) and dysplasias with multiple joint dislocations (Group 5) for other conditions with dislo-
cations, as well as brachydactyly, CHSY1-related, for phalangeal changes reminiscent of the sulfation disorders.
Group 5 Dysplasias with multiple joint dislocations
NOS 05-0010 Baratela-Scott syndrome, AR XYLT1 615777 May have intellectual disability; formerly
XYLT1-related Desbuquois dysplasia type 2
NOS 05-0020 Desbuquois dysplasia (with accessory AR CANT1 251450
ossification center in digit 2),
CANT1-related
NOS 05-0030 Desbuquois dysplasia (with short meta- AR CANT1 251450
carpals and elongated phalanges, Kim
type), CANT1-related
NOS 05-0040 SEMD with joint laxity (Hall type or AD KIF22 603546
leptodactylic type), KIF22-related
NOS 05-0050 SEMD with joint laxity, AR EXOC6B 618395 Phenotype resembles SEMD-JL lepto-
EXOC6B-related dactylic or type Hall (preceding line)
NOS 05-0060 SEMD with joint laxity (Beighton type), AR B3GALT6 271640 Includes MIM 609465-Al-Gazali syndro-
B3GALT6-related (Ehlers-Danlos syndro- me as neonatal form
me, spondylodysplastic type 2, EDSSPD2)
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Group number/  Group/name of disorder Inheritance Gene MIM Notes
nr. of disorder or locus Nr.
NOS 05-0070 Ehlers-Danlos syndrome, spondylo- AR BA4GALT7 130070 Formerly known as “EDS, progeroid
dysplastic type 1 (EDSSPD1), form”; includes Larsen syndrome, La
BAGALT7-related Reunion type; see also B3GALT6 defici-
ency above
NOS 05-0080 Multiple joint dislocations, short stature, AR B3GAT3 245600 The phenotype is very variable and
craniofacial dysmorphisms, and skeletal has been reported also as “Larsen-like”
dysplasia, with or without heart defects, or as “pseudodiastrophic dysplasia”.
B3GAT3-related Intellectual disability and severe osteo-
penia with fractures have been observed.
The OMIM entry includes older descripti-
ons that are probably unrelated.
NOS 05-0090 Skeletal dysplasia with joint laxity AR CSGALNACT1 618870
and advanced bone age (SDJLABA),
CSGALNACT1-related
NOS 05-0100 Skeletal dysplasia with joint dislocations AR SLC10A7 618363
and amelogenesis imperfecta,
SLC10A7-related
Note: remarkably, this group contains several disorders of glycosaminoglycan synthesis. In spite of this group being named after
a clinical feature (dysplasias with joint dislocations), the phenotypes in this group are related to those of the preceding Group
4 (sulfation disorders) and of the following Group 6 (filamin disorders) justifying its placement here. See also: Temtamy type
brachydactyly, CHSY1-related, as well as SEMD with microcephaly, retinal dystrophy and hearing loss, PISD-related (Liberfarb
syndrome), for other conditions with congenital dislocations, as well as EDSSPD3, SLC39A13-related, in the SEMD group.
Group 6 Filamins and related disorders
NOS 06-0010 Frontometaphyseal dysplasia, XL FLNA 305620 FLNA gene also associated with MIM
FLNA-related 300049, MIM 300321, MIM 314400, MIM
300048, MIM 300049 (see) and conditions
below in this group
NOS 06-0020 Frontometaphyseal dysplasia, AD MAP3K7 617137
MAP3K7-related
NOS 06-0030 Frontometaphyseal dysplasia, AD TAB2 No MIM entry yet; TAB2 gene also associ-
TAB2-related ated with MIM 614980-congenital heart
defects, nonsyndromic, 2
NOS 06-0040 Cardiospondylocarpofacial syndrome, AD MAP3K7 157800
MAP3K7-related
NOS 06-0050 Melnick-Needles syndrome, XL FLNA 309350 Includes osteodysplasty
FLNA-related
NOS 06-0060 Otopalatodigital syndrome type 1 XL FLNA 311300
(OPD1), FLNA-related
NOS 06-0070 Otopalatodigital syndrome type 2 XL FLNA 304120
(OPD2), FLNA-related
NOS 06-0080 Terminal osseous dysplasia (TOD), XL FLNA 300244 Includes digitocutaneous dysplasia
FLNA-related
NOS 06-0090 Larsen syndrome, FLNB-related AD FLNB 150250
NOS 06-0100 Atelosteogenesis type 1, AD FLNB 108720, Includes Boomerang dysplasia, Piepkorn
FLNB-related 112310 dysplasia, and spondylohumerofemoral
(giant cell) dysplasia
NOS 06-0110 Atelosteogenesis type 3, AD FLNB 108721
FLNB-related
NOS 06-0120 Spondylocarpotarsal synostosis AR FLNB 272460
syndrome, FLNB-related
NOS 06-0130 Spondylocarpotarsal synostosis AR RFLNA Entity proven, no MIM entry yet
syndrome, RFLNA-related
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Group number/  Group/name of disorder Inheritance Gene MIM Notes
nr. of disorder or locus Nr.
NOS 06-0140 Spondyocarpotarsal synostosis syndrome AD, AR MYH3 178110, frequently biallelic loss of function
with contractures and pterygia, 618469 variants; monoallelic missense variants
MYH3-related in the MYH3 gene associated with MIM
193700-Arthrogryposis 2A, and MIM
618436-Arthrogryposis 2B3
NOS 06-0150 Frank-ter Haar syndrome, AR SH3PXD2B 249420 Includes previous Borrone
SH3PXD2B-related dermatocardioskeletal syndrome
See also chondrodysplasia with congenital joint dislocations, CHST3-related (“recessive Larsen syndrome”) and the group
of dysplasias with multiple dislocations, above (Group 5)
Group 7 Proteoglycan core proteins disorders
NOS 07-0010 Dyssegmental dysplasia, AR HSPG2 224410, Variable severity; Includes both former
HSPG2-related 224400 Silverman Handmaker and Rolland-
Desbuquois types
NOS 07-0020 Myotonic chondrodystrophy, HSPG2- AR HSPG2 255800 Variable severity; includes
related (Schwartz- Jampel syndrome) previous Burton dysplasia
NOS 07-0030 Spondylo-epiphyseal dysplasia, AD ACAN 608361
ACAN-related (dominant, Kimberley type)
NOS 07-0040 Spondylo-epi-metaphyseal dysplasia, AR ACAN 612813
ACAN-related (recessive, aggrecan type)
NOS 07-0050 Short stature with advanced bone age,  AD ACAN 165800 Sometimes with osteochondritis disse-
ACAN-related cans; other cases short stature with no
skeletal features and normal bone age
NOS 07-0060 SEMD, BGN-related (Camera type) XL BGN 300106 The BGN gene is also associated with
a connective tissue-arterial aneurysms
disorder (Meester-Loeys syndrome,
MIM300989)
Group 8 TRPV4 disorders
NOS 08-0010 Metatropic dysplasia, TRPV4-related AD, MOS TRPV4 156530 Includes so-called “hyperplastic’, lethal,
and non-lethal forms. Can also result
from somatic mosaicism for a TRPV4
variant.
NOS 08-0020 Spondyloepimetaphyseal dysplasia, AD TRPV4 184095 Previously known as “pseudo-Morquio
TRPV4-related (Maroteaux type) syndrome type 2" Includes the obsolete
MIM 168400-parastremmatic dwarfism
entry, a phenotypic variant.
NOS 08-0030 Spondyloepiphyseal dysplasia, Kozlowski AD TRPV4 184252
type
NOS 08-0040 Brachyolmia, TRPV4-related AD TRPV4 113500
NOS 08-0050 Familial digital arthropathy with AD TRPV4 606835
brachydactyly, TRPV4-related
Missense variants in the TRPV4 gene can be responsible for different types of peripheral neuropathies (see under
MIM 605427). The TRPV4 skeletal phenotypes can sometimes be associated with neuropathy.
Group 9 Pseudoachondroplasia and the multiple epiphyseal dysplasias
NOS 09-0010 Pseudoachondroplasia, AD compP 177170
COMP-related
NOS 09-0020 Multiple epiphyseal dysplasia, AD COMP 132400
COMP-related
NOS 09-0030 Multiple epiphyseal dysplasia, AD MATN3 607078
MATN3-related
NOS 09-0040 Multiple epiphyseal dysplasia, AR CANT1 617719
CANT1-related
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Group number/  Group/name of disorder Inheritance Gene MIM Notes
nr. of disorder or locus Nr.
NOS 09-0050 Multiple epiphyseal dysplasia, AD COL9AT 614135
COL9A1-related
NOS 09-0060 Multiple epiphyseal dysplasia, AD COL9A2 600204
COL9A2-related
NOS 09-0070 Multiple epiphyseal dysplasia, AD COL9A3 600969
COL9A3-related
NOS 09-0080 Stickler syndrome, recessive type, AR COL9AT 614134 See also Groups 2 and 3
COL9A1-related
NOS 09-0090 Stickler syndrome, recessive type, AR COL9A2 614284
COL9A2-related
NOS 09-0100 Stickler syndrome, recessive type, AR COL9A3 120270
COL9A3-related
NOS 09-0110 Multiple epiphyseal dysplasia with micro- AR RNU4ATAC 226960 See also Microcephalic osteodysplastic
cephaly and nystagmus (Lowry-Wood primordial dwarfism, RNU4ATAC-related,
syndrome), RNU4ATAC-related as well as Roifman syndrome,
RNU4ATAC-related, both in the primordial
dwarfism group (Group 21), for condi-
tions with different severity from the
RNU4ATAC gene
See also multiple epiphyseal dysplasia, recessive type, SLC26A2-related, as well as ASPED. Some COL2AT variants can make
a MED-like phenotype. Some MED or MED-like phenotypes remain genetically unclear.
Group 10 Skeletal disorders caused by abnormalities of cilia or ciliary signaling
NOS 10-0010 Short rib-polydactyly syndrome (SRPS), AR DYNC2H1 613091, There is significant clinical and radiolo-
DYNC2H1-related 263520 gical overlap between SRP1/3 and ATD.
Some forms of both remain unlinked to
the known genes. This gene can also be
responsible for chondroectodermal
dysplasia (Ellis-van Creveld), see below.
NOS 10-0020 Short rib-polydactyly syndrome (SRPS), AR IFT80 611263
IFT80-related
NOS 10-0030 Short rib-polydactyly syndrome (SRPS), AR IFT81 617895
IFT81-related
NOS 10-0040 Short rib-polydactyly syndrome (SRPS), AR WDR34 615633
WDR34-related
NOS 10-0050 Short rib-polydactyly syndrome (SRPS), AR WDR60 615503
WDR60-related
NOS 10-0060 Short rib-polydactyly syndrome (SRPS), AR DYNC2LIT 617088
DYNC2LI1 related
NOS 10-0070 Short rib-polydactyly syndrome (SRPS), AR NEK1 263520 Possibly also digenic inheritance combi-
NEK1-related ning NEKT with DYNC2H1 variants
NOS 10-0080 Short rib-polydactyly syndrome (SRPS), AR IFT122 269860
IFT122-related
NOS 10-0090 Short rib-polydactyly syndrome (SRPS), AR WDR19 614091 WDR19 s associated with MIM 614091,
WDR19-related 614376, 614378, 615633 as well as with
nephronopthisis (MIM 614377), Senior-
Loken syndrome (MIM 616307) and
Mainzer- Saldino syndrome (see below)
NOS 10-0100 Short rib-polydactyly syndrome (SRPS), AR INTU 617925
INTU-related
NOS 10-0110 Short rib-polydactyly syndrome (SRPS), AR TRAF3IP1 See TRAF3IP1 also known as IFT154
TRAF3IP1-related 607380
NOS 10-0120 Endocrine-cerebro-osteo dysplasia (ECO), AR CILKT 612651
CILK1-related
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Group number/
nr. of disorder
NOS 10-0130

Group/name of disorder

Short-rib thoracic dysplasia (formerly
asphyxiating thoracic dysplasia -
Jeune syndrome), DYNC2H1-related

Inheritance Gene

AR

or locus
DYNC2H1

MIM
Nr.
613091

Notes

NOS 10-0140

Short-rib thoracic dysplasia (formerly
asphyxiating thoracic dysplasia -
Jeune syndrome), DYNC2LI1-related

AR

DYNC2LIT

See
617088

NOS 10-0150

Short-rib thoracic dysplasia (formerly
asphyxiating thoracic dysplasia -
Jeune syndrome), WDR34-related

AR

WDR34

See
615633

NOS 10-0160

Short-rib thoracic dysplasia (formerly
asphyxiating thoracic dysplasia —
Jeune syndrome),

TCTEX1D2-related

AR

TCTEX1D2

617405

NOS 10-0170

Short-rib thoracic dysplasia (formerly
asphyxiating thoracic dysplasia -
Jeune syndrome), WDR60-related

AR

WDR60

See
615503

NOS 10-0180

Short-rib thoracic dysplasia (formerly
asphyxiating thoracic dysplasia —
Jeune syndrome), WDR19-related

AR

WDR19

614376

WDR19 is associated with MIM 614091,
614376, 614378, 615633 as well as with
nephronopthisis (MIM 614377), Senior-
Loken syndrome (MIM 616307) and

Mainzer Saldino syndrome (see below)

NOS 10-0190

Short-rib thoracic dysplasia (formerly
asphyxiating thoracic dysplasia -
Jeune syndrome), IFT140-related

AR

IFT140

266920

NOS 10-0200

Short-rib thoracic dysplasia (formerly
asphyxiating thoracic dysplasia -
Jeune syndrome), TTC21B-related

AR

TTC21B

613819

Gene also known for nephronophthisis
(MIM 613820)

NOS 10-0210

Short-rib thoracic dysplasia (formerly
asphyxiating thoracic dysplasia -
Jeune syndrome), IFT122-related

AR

IFT122

See
269860

Subsumed under SRPS (MIM 269860)

NOS 10-0220

Short-rib thoracic dysplasia (formerly
asphyxiating thoracic dysplasia -
Jeune syndrome), WDR35-related

AR

WDR35

614091

NOS 10-0230

Short-rib thoracic dysplasia (formerly
asphyxiating thoracic dysplasia -
Jeune syndrome), IFT43-related

AR

IFT43

617866

NOS 10-0240

Short-rib thoracic dysplasia (formerly
asphyxiating thoracic dysplasia -
Jeune syndrome), IFT80-related

AR

IFT80

611623

NOS 10-0250

Short-rib thoracic dysplasia (formerly
asphyxiating thoracic dysplasia -
Jeune syndrome), IFT172-related

AR

IFT172

615630

NOS 10-0260

Short-rib thoracic dysplasia (formerly
asphyxiating thoracic dysplasia -
Jeune syndrome), IFT81-related

AR

IFT81

617895

NOS 10-0270

Short-rib thoracic dysplasia (formerly
asphyxiating thoracic dysplasia -
Jeune syndrome), IFT52-related

AR

IFT52

617102

NOS 10-0280

Short-rib thoracic dysplasia (formerly
asphyxiating thoracic dysplasia -
Jeune syndrome), CFAP410-related

AR

CFAP410

602271

NOS 10-0290

Short-rib thoracic dysplasia (formerly
asphyxiating thoracic dysplasia -
Jeune syndrome), CEP120-related

AR

CEP120

616300

Described in severe cases resembling
SRPS; the CEP120 gene is also associated
with Joubert syndrome (MIM 617761)
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Group number/  Group/name of disorder Inheritance Gene MIM Notes
nr. of disorder or locus Nr.
NOS 10-0300 Short-rib thoracic dysplasia (formerly AR KIAA0586 616546 Gene also associated with Joubert
asphyxiating thoracic dysplasia - syndrome (MIM 616490)
Jeune syndrome), KIAA0586-related
NOS 10-0310 Short-rib thoracic dysplasia (formerly AR GRK2 See
asphyxiating thoracic dysplasia - 109635
Jeune syndrome), GRK2-related
NOS 10-0320 Short-rib thoracic dysplasia (formerly AR TRAF3IP1 See TRAF3IP1 also known as IFT154
asphyxiating thoracic dysplasia - 607380
Jeune syndrome), TRAF3IP1-related
NOS 10-0330 Short-rib thoracic dysplasia (formerly AR KIAA0753 619479  KIAA0753 variants also associated with
asphyxiating thoracic dysplasia - orofaciodigital syndrome (MIM 617127)
Jeune syndrome), KIAAQ753-related and with Joubert syndrome (MIM
619476)
NOS 10-0340 Axial spondylometaphyseal dysplasia, AR CFAP410 602271
CFAP410-related
NOS 10-0350 Axial spondylometaphyseal dysplasia, AR NEK1 See
NEK1-related 252100
NOS 10-0360 Chondroectodermal dysplasia AR EVC1 225500 See also Weyers acrofacial (acrodental)
(Ellis-van Creveld), EVC1-related dysostosis (MIM 193530)
NOS 10-0370 Chondroectodermal dysplasia AR EvC2
(Ellis-van Creveld), EVC2-related
NOS 10-0380 Chondroectodermal dysplasia WDR35
(Ellis-van Creveld), WDR35-related AR
NOS 10-0390 Chondroectodermal dysplasia AR DYNC2LIT See
(Ellis-van Creveld), DYNC2LI1-related 617088
NOS 10-0400 Chondroectodermal dysplasia AR GLIT See
(Ellis-van Creveld), GLI1-related 165220
NOS 10-0410 Chondroectodermal dysplasia AR SMO A single case with compound heterozy-
(Ellis-van Creveld), SMO-related gosity missense variants reported
NOS 10-0420 Orofaciodigital syndrome type 4 AR TCTN3 258860
(Mohr-Majewski), TCTN3-related
NOS 10-0430 Orofaciodigital syndrome type 2 AR NEK1 252100
(Mohr syndrome), NEK1-related
NOS 10-0440 Cranioectodermal dysplasia AR IFT122 218330
(Levin-Sensenbrenner), IFT122-related
NOS 10-0450 Cranioectodermal dysplasia AR WDR35 613610
(Levin-Sensenbrenner), WDR35-related
NOS 10-0460 Cranioectodermal dysplasia (Levin- AR WDR19 614378 WDR19 is associated with MIM 614091,
Sensenbrenner), WDR19-related 614376, 614378, 615633 as well as with
nephronopthisis (MIM 614377), Senior-
Loken syndrome (MIM 616307) and
Mainzer-Saldino syndrome (see below)
NOS 10-0470 Cranioectodermal dysplasia AR IFT40 see see short rib thoracic dysplasia,
(Levin-Sensenbrenner), IFT40-related 614620 [IFT140-associated, above
NOS 10-0480 Cranioectodermal dysplasia AR IFT43 614009
(Levin-Sensenbrenner), IFT43-related
NOS 10-0490 Joubert syndrome with short-rib thoracic AR CSPP1 615636 In OMIM as “Joubert syndrome type 21";
dysplasia, CSPP1-related not all cases have thoracic dysplasia
NOS 10-0500 Atrial defects-polydactyly-multiple AD PRKACA 619142 OMIM created the name of
congenital malformation syndrome, “Cardioacrofacial syndrome 1",
PRKACA-related
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NOS 10-0510 Atrial defects-polydactyly-multiple AD, MOS PRKACB 619143 OMIM created the name of
congenital malformation syndrome, “Cardioacrofacial syndrome 2"; one pub-
PRKACB-related lished patient later reclassified as
“Ellis-van Creveld syndrome”.
NOS 10-0520 Mainzer-Saldino syndrome, AR IFT140 266920 IFT140 also associated with isolated reti-
IFT140-related nitis pigmentosa (MIM 617781)
NOS 10-0530 Mainzer-Saldino syndrome, AR IFT172 IFT172 also associated with Bardet-Bied|
IFT172-related syndrome (MIM 619471) and isolated
retinitis pigmentosa (616394)
NOS 10-0540 Mainzer-Saldino syndrome, AR WDR19 See WDR19 is also associated with MIM
WDR19-related 614376 614091, 614376, 614378, 615633 as well
as with nephronopthisis (MIM 614377),
and Senior-Loken syndrome (MIM
616307)
NOS 10-0550 Meckel syndrome, MKS1-related AR MKS1 249000
NOS 10-0560 Meckel syndrome, AR TMEM216 603194
TMEM216-related
NOS 10-0570 Meckel syndrome, TMEM67-related AR TMEM67 607361
NOS 10-0580 Meckel syndrome, CEP290-related AR CEP290 611134
NOS 10-0590 Meckel syndrome, RPGRIP1L-related AR RPGRIP1L 611561
NOS 10-0600 Meckel syndrome, CC2D2A-related AR CC2D2A 612284
NOS 10-0610 Thoracolaryngopelvic dysplasia (Barnes) ~ SP 187760 Dominant transmission reported, but
diagnostic criteria not stringent. The
existence pf this entity is disputed.
Given the common genetic basis of several entries in this group and the absence (so far) of clear genotype-phenotype corre-
lations, the distinction between chondroectodermal dysplasia, asphyxiating thoracic dystrophy (see below for name change),
short rib-polydactyly syndromes and related conditions is historical and restricted to the clinical phenotypes. We have follo-
wed MIM and used the term “short-rib thoracic dysplasia” instead of “asphyxiating thoracic dysplasia’, to avoid the negative
connotation and inaccuracy of “asphyxiating”. See also paternal UPD14 and Cerebro-costo-mandibular syndrome (rib gap
syndrome), SNRPB-related, both in Group 36. The Bardet-Bied| syndrome with its large phenotypic spectrum has not been
included in spite of minor skeletal involvement, as the predominant clinical features are non-skeletal.
Group 11 Metaphyseal dysplasias
NOS 11-0010 Metaphyseal dysplasia Schmid (MCS), AD COL10A1 156500 Pathogenic variants are typically located
COL10A1-related in the C-terminal domain of the protein.
NOS 11-0020 Cartilage-hair hypoplasia (CHH; AR RMRP 250250 The phenotype of CHH is variable and
metaphyseal dysplasia, McKusick type), includes MIM 607095-anauxetic dysplasia
RMRP-related as well as MIM 250460-metaphyseal
dysplasia without hypotrichosis
NOS 11-0030 Metaphyseal dysplasia with short stature AR POP1 617396 The clinical spectrum is variable. The
(CHH-like), POP1-related denomination of “anauxetic dysplasia
2"in MIM is confusing as anauxetic
dysplasia is a variant of Cartilage-Hair
Hypoplasia
NOS 11-0040 Metaphyseal dysplasia with short stature AR NEPRO 618853  Facial features and hypotrichosis reminis-
(CHH-like), NEPRO-related cent of Cartilage-Hair Hypoplasia
NOS 11-0050 Metaphyseal dysplasia with pancreatic AR SBDS 260400 See also severe spondylodysplastic
insufficiency and cyclic neutropenia dysplasia, Sedaghatian-like
(Shwachman-Bodian-Diamond syndro-
me), SBDS-related
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NOS 11-0060 Metaphyseal dysplasia with pancreatic AR EFLT 617941
insufficiency and cyclic neutropenia
(SBDS type 2),
EFL1-related
NOS 11-0070 Metaphyseal dysplasia with pancreatic AR DNAJC21 617052 Known in OMIM as Bone Marrow Failure
insufficiency and cyclic neutropenia, Syndrome 3; BMFS3
DNAJC21-related
NOS 11-0080 Shwachman-Diamond like syndrome, AD SRP54 618752 Known in OMIM as Neutropenia, severe
SRP54-related congenital, 8
NOS 11-0090 Metaphyseal dysplasia Spahr, AR MMP13 250400 Recessive, biallelic variants
MMP13-related
NOS 11-0100 Metaphyseal anadysplasia, AD MMP13 602111 Dominant, monoallelic type; includes
MMP13-related SEMD Missouri type
NOS 11-0110 Metaphyseal anadysplasia, AR MMP9 613073
MMP9-related
NOS 11-0120 Metaphyseal dysplasia with maxillary AD RUNX2 156510 Frequently associated with intragenic
hypoplasia, RUNX2-related duplication of exons 3 to 5 or 3 to 6. See
also Cleidocranial dysplasia, RUNX2-
related (below; MIM 119600), as well as
non- syndromic midline craniosynostosis,
RUNX2-related, below
See Rhizomelic spondylo-metaphyseal dysplasia with remissi on, LBR-related (Group 13), for another anadysplasia-like disorder
Group 12 Spondylometaphyseal dysplasias (SMD)
NOS 12-0010 Spondyloenchondrodysplasia with immu- AR ACP5 607944
ne dysregulation (SPENCD), ACP5-related
NOS 12-0020 Odontochondrodysplasia (ODCD), AR TRIPT1 184260 See also Achondrogenesis, TRIP11-related
TRIP11-related (formerly type 1A)
NOS 12-0030 Spondylometaphyseal dysplasia Sutcliffe  AD FN1 184255 Some cases are linked to COL2AT but not
(or “corner fractures” type), FN1-related the original family
NOS 12-0040 Spondylometaphyseal dysplasia with AR PCYT1A 608940
cone-rod dystrophy, PCYT1A-related
NOS 12-0050 Spondylometaphyseal dysplasia with AR PLCB3 618961
corneal dystrophy, PLCB3-related
NOS 12-0060 Chondrodysplasia-pseudoherma- AR HHAT 600092 Also known as Nivelon-Nivelon-Mabille
phroditism syndrome, HHAT-related syndrome (sic)
See also SMD Kozlowski, TRPV4-related, Severe spondylometaphyseal dysplasia (Sedaghatian type), GPX4-related, as well as
Axial spondylometaphyseal dysplasia, CFAP410-related and Axial spondylometaphyseal dysplasia, NEK1-related. In addition,
there are many reports of sporadic patients with unclassified SMD variants.
Group 13 Spondyloepi(meta)physeal dysplasias (SE(M)D)
NOS 13-0010 SED tarda, X-linked (SED-XL), XL TRAPPC2 313400
TRAPPC2-related
NOS 13-0020 SED with diabetes mellitus (Wolcott- AR EIF2AK3 226980
Rallison syndrome), EIF2AK3-related
NOS 13-0030 Dyggve-Melchior-Clausen dysplasia, AR DYM 223800
DYM-related
NOS 13-0040 Smith-McCort dysplasia, DYM-related AR DYM 607326
NOS 13-0050 Smith-McCort dysplasia, RAB33B-related AR RAB33B 615222
NOS 13-0060 SEMD, BNIP1-related AR BNIP1 see
603291
NOS 13-0070 SEMD, MATN3-related AR MATN3 608728 See also MATN3-related MED in Group 9
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NOS 13-0080 SEMD, DDRGK1-related (Shohat type) AR DDRGK1 602557
NOS 13-0090 SEMD with leucodystrophy, XL AIFM1 300232
AIFM1-related
NOS 13-0100 SEMD, RSPRY 1-related AR RSPRY1 616723
NOS 13-0110 SEMD, TMEM165-related AR TMEM165 614727 Congenital disorder of glycosylation
type Ilk
NOS 13-0120 SEMD with microcephaly, retinal AR PISD 618889 Phenotypically variable; in some affected
dystrophy and hearing loss, individuals hearing and vision may be
PISD-related (Liberfarb syndrome) unaffected
NOS 13-0130 SEMD, UFSP2-related AD UFSP2 142669, Includes Familial hip dysplasia (Beukes)
617974
NOS 13-0140 SEMD, short limb-abnormal calcification AR DDR2 271665 See also other dysplasias with stippling
type, DDR2-related
NOS 13-0150 Immuno-osseous dysplasia, AR SMARCALT 242900 Nephrotic syndrome is an important
SMARCAL1-related (Schimke type) manifestation; see also EXTL3 deficiency,
below
NOS 13-0160 SEMD with immune deficiency and AR EXTL3 617425 Also known as “Immunoskeletal dysplasia
intellectual disability, EXTL3-related with developmental abnormalities”;
includes Omenn syndrome with chon-
drodysplasia; see also SMARCAL1, above
NOS 13-0170 SEMD with immune deficiency, AR PGM3 615816 Known in OMIM as “immunodeficiency 23"
PGM3-related
NOS 13-0180 SEMD with intellectual disability, AR NANS 610442
NANS-related
NOS 13-0190 SEMD with severe short stature, AD RPL13 618728
RPL13-related
NOS 13-0200 SEMD with elevated lysosomal enzymes, AR MBTPS1 618392 only two unrelated individuals known so
MBTPS1-related far; in OMIM as “Kondo-Fu type”; possible
role of lysosomal dysfunction in pathoge-
nesis is unclear
NOS 13-0210 Short stature, skeletal dysplasia, liver fai- AR NBAS 616483 Combination of clinical features is vari-
lure, optic nerve atrophy and Pelger-Huet able; also known as infantile liver failure
anomaly, NBAS-related syndrome type 2
NOS 13-0220 Short stature, skeletal dysplasia and liver AR RINT1 618641 Combination of clinical features is vari-
failure, RINT1-related able; also known as infantile liver failure
syndrome type 3
NOS 13-0230 Spondylodysplastic Ehlers-Danlos syndro- AR SLC39A13 612350 SLC39A13/ZIP13 zinc transporter
me (SDEDSS type 3), SLC39A13-related
NOS 13-0240 Spondylar and nasal alterations with stria- AR TONSL 271510 Possibly genetically heterogeneous
ted metaphyses (SPONASTRIME
dysplasia), TONSL-related
NOS 13-0250 Spondyloepiphyseal dysplasia, sensori- AR NMNAT1 619260 Nonsyndromic Leber congenital amauro-
neural hearing loss, impaired intellectual sis (LCA9; MIM 608553) is also caused by
development, and Leber congenital biallelic NVINAT1 variants
amaurosis (SHILCA) syndrome,
NMNAT1-related
NOS 13-0260 Platyspondyly (brachyolmia) with amelo- AR LTBP3 601216
genesis imperfecta, LTBP3-related
NOS 13-0270 Cerebral, ocular, dental, auricular, and AR LONP1 600373 Mitochondrial chaperonopathy
skeletal anomalies (CODAS syndrome),
LONP1-related
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NOS 13-0280 Epiphyseal and vertebral dysplasia, micro- AR HSPA9 616854 Mitochondrial chaperonopathy
tia, flat nose plus associated malformation
(EVEN-PLUS syndrome), HSPA9-related
NOS 13-0290 Cataracts, growth hormone deficiency, AR IARS2 616007
sensory neuropathy, sensorineural hea-
ring loss, and skeletal dysplasia (CAGSSS
syndrome), IARS2-related
NOS 13-0300 Steel syndrome, COL27A1-related AR COL27A1 615155
NOS 13-0310 Rhizomelic spondylo-metaphyseal AR LBR 618019
dysplasia with remission,
LBR-related
NOS 13-0320 Rhizomelic spondylo-epi-metaphyseal AR GNPNAT1 619598
dysplasia, GNPNAT1-related
See also: Opsismodysplasia, INPPL 1-related; Mucopolysaccharidosis type 4, GALNS-related (type 4A; Morquio disease),
as well as Progressive pseudorheumatoid dysplasia (PPRD), WISP3-related. See also the non-genetic SEMD phenocopy,
“Chondrodysplasia and growth failure following early hematopoietic stem cell transplantation’, ***https://doi.org/10.1002/
ajmg.a. 62021, PMID: 33398909.
Group 14 Severe spondylodysplastic dysplasias
NOS 14-0010 Achondrogenesis, TRIP11-related AR TRIP11 200600
(formerly type 1A)
NOS 14-0020 Schneckenbecken dysplasia, AR SLC35D1 269250
SLC35D1-related
NOS 14-0030 Severe spondylometaphyseal dysplasia AR GPX4 250220
(Sedaghatian type), GPX4-related
NOS 14-0040 Severe spondylometaphyseal dysplasia AR SBDS 260400
(SMD Sedaghatian-like), SBDS-related
NOS 14-0050 Opsismodysplasia, INPPL1-related AR INPPLT 258480 Includes lethal and milder cases
NOS 14-0060 Spondylometaphyseal dysplasia, AR PAM16 613320
PAM16-related
NOS 14-0070 Carbohydrate deficient glycoprotein AR ALG9 263210,
syndrome, ALG9-related (ALG9-CDG; 60877
Gillessen-Kaesbach-Nishimura syndrome)
See also Thanatophoric dysplasia, FGFR3-related; achondrogenesis and Torrance dysplasia, COL2A1-related;
Fibrochondrogenesis, COL11AT-related; Achondrogenesis, SLC26A2-related; and Metatropic Dysplasia, TRPV4-related
Group 15 M lic and rhizo- lic dysplasias
NOS 15-0010 Dyschondrosteosis (Leri-Weill), Pseudo-AD  SHOX 127300 Includes Reinhardt-Pfeiffer dysplasia,
SHOX-related MIM 191400. Clinical continuum with
Idiopathic short stature (MIM 300582)
NOS 15-0020 Mesomelic dysplasia (Langer type), Pseudo-AR  SHOX 249700
SHOX-related
NOS 15-0030 Omodysplasia, recessive type, AR GPC6 258315
GPC6-related
NOS 15-0040 Omodysplasia, dominant type, AD FZD2 164745
FZD2-related
NOS 15-0050 Robinow syndrome, WNT5A-related AD WNT5A 180700
NOS 15-0060 Robinow syndrome, DVL1-related AD DVL1 616331
NOS 15-0070 Robinow syndrome, DVL3-related AD DVL3 616894
NOS 15-0080 Robinow syndrome, FZD2-related AD FZD2
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NOS 15-0090 Robinow syndrome, recessive type, AR ROR2 268310 Includes previous COVESDEM (costo-ver-

ROR2-related tebral segmentation defect with meso-
melia); see also brachydactyly type B
NOS 15-0100 Robinow syndrome, recessive type, AR NXN
NXN-related
NOS 15-0110 Mesomelic dysplasia, HOXD-related AD HOXD 156232 Duplications at HOXD gene cluster
(Kim or Korean type, Kantaputra type, locus; phenotypes is variable also within
Fryns type) families
NOS 15-0120 Mesomelic dysplasia, Nievergelt type AD 163400
NOS 15-0130 Mesomelic dysplasia, Kozlowski-Reardon AR 249710
type

NOS 15-0140 Mesomelic dysplasia with acral synosto-  AD SULF1, SLCO5AT1 600383  Microdeletion syndrome involving two

ses (Verloes- David-Pfeiffer type) adjacent genes
NOS 15-0150 Mesomelic dysplasia (Savarirayan type), ~AD D4 605274 Microdeletions on 6p22.3
ID4-related

NOS 15-0160 Mesomelic dysplasia with digital anoma- AD AFF3 619297  In spite of the acronym, this condition is
lies and intellectual disability (KINSSHIP quite different from both Nievergelt and
syndrome), AFF3-related Savarirayan mesomelic dysplasias

NOS 15-0170 Oculo-skeletal syndrome with rhizomelic AD MAB2112 615877  In OMIM as “Microphthalmia/Coloboma

shortening, MAB21L2-related and skeletal dysplasia syndrome”. Skeletal
involvement not in all individuals. Two
brothers with biallelic variants (AR?) had
ocular but no skeletal involvement.
See also Tibial hemimelia-polysyndactyly-triphalangeal thumb, ZRS-related, also consider: mesomelic dysplasia, Camera type
(MIM#611886), the status of which remains unconfirmed
Group 16 Acromesomelic dysplasias
NOS 16-0010 Acromesomelic dysplasia (type AR NPR2 602875
Maroteaux), NPR2-related
NOS 16-0020 Acromesomelic dysplasia, AR PRKG2 619636, Condition associated with biallelic loss
PRKG2-related 619638 of function variants. Three brothers
form one family were found to have
a spondylo-metaphyseal dysplasia
phenotype (in OMIM as “619638 —
Spondylometaphyseal dysplasia,
Pagnamenta type”. Needs to be con-
firmed)

NOS 16-0030 Grebe dysplasia, GDF5-related AR GDF5 200700 Includes acromesomelic dysplasia
Hunter-Thompson type and acromeso-
melic dysplasia with genital anomalies;
see also see other GDF5-related disorders

NOS 16-0040 Grebe dysplasia, BMPR1B-related AR BMPR1B 609441

NOS 16-0050 Fibular hypoplasia and complex brachyd- AR GDF5 228900 See also other GDF5-related disorders

actyly (Du Pan), GDF5-related

NOS 16-0060 Fibular hypoplasia and complex brachyd- AR BMPRI1B See

actyly (Du Pan), BMPR1B-related 603248
NOS 16-0070 Acromesomelic dysplasia, Osebold- AD 112910
Remondini type
Group 17 Acromesomelic dysplasias
NOS 17-0010 Acrocapitofemoral dysplasia, AR IHH 607778 See other conditions associated with the
IHH-related IHH gene in this table
NOS 17-0020 Geleophysic dysplasia, AR ADAMTSL2 231050
ADAMTSL2-related
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NOS 17-0030 Geleophysic dysplasia, FBN1-related AD FBN1 614185
NOS 17-0040 Geleophysic dysplasia, LTBP3-related AD LTBP3 617809
NOS 17-0050 Acromicric dysplasia, FBN1-related AD FBN1 102370 Includes acrolaryngeal dysplasia, previ-
ously known as Fantasy Island dysplasia
or Tattoo dysplasia, and Moore-Federman
syndrome
NOS 17-0060 Acromicric dysplasia, LTBP3-related AD LTBP3 See
617809
NOS 17-0070 Weill-Marchesani syndrome, dominant, ~ AD FBN1 608328
FBN1-related
NOS 17-0080 Weill-Marchesani syndrome, AR ADAMTS10 277600
ADAMTS10-related
NOS 17-0090 Weill-Marchesani syndrome, AR ADAMTS17 613195
ADAMTS17-related
NOS 17-0100 Weill-Marchesani syndrome, AR LTBP2 614819
LTBP2-related
NOS 17-0110 Myhre dysplasia, SMAD4-related AD SMAD4 139210
NOS 17-0120 Acrodysostosis, PDE4D-related AD PDE4D 614613 Includes acroscyphodysplasia (see PMID
30006632)
NOS 17-0130 Acrodysostosis, PRKAR1A-related AD PRKARTA 101800
NOS 17-0140 Angel-shaped phalango-epiphyseal AD 105835 Possibly related or allelic to brachydacty-
dysplasia (ASPED) ly type C
NOS 17-0150 Albright hereditary osteodystrophy, AD GNAS 103580 Overlaps with progressive osseous
GNAS-related heteroplasia
NOS 17-0160 Leri Pleonosteosis, linked to 8922.1 AD 8q22.1 151200 Duplication at 8¢q22.1 encompassing
GDF6 and SDC2
NOS 17-0170 SED with brachydactyly, AD MIR140 618618 Brachydactyly with cone-shaped
MIR140-related epiphyses
See also Cartilage-Hair Hypoplasia, RMRP-related, and the brachdydactyly groups, below (Groups 18 and 19)
Group 18 Brachydactylies (isolated)
NOS 18-0010 Brachydactyly type A1, IHH-related AD IHH 112500
NOS 18-0020 Brachydactyly type A2, BMPR1B-related ~ AD BMPR1B 112600
NOS 18-0030 Brachydactyly type A2, BMP2-related AD BMP2 112600 Duplication of BMP2 enhancer
NOS 18-0040 Brachydactyly type A2, GDF5-related AD GDF5 112600 See also Grebe dysplasia, GDF5-related;
Fibular hypoplasia and complex bra-
chydactyly (Du Pan), GDF5-related;
Brachydactyly type C, GDF5-related; and
Multiple synostoses syndrome, GDF5-
related
NOS 18-0050 Brachydactyly type B1, ROR2-related AD ROR2 113000 See also Robinow syndrome/COVESDEM
NOS 18-0060 Brachydactyly type B2, NOG-related AD NOG 611377
NOS 18-0070 Brachydactyly type C, GDF5-related AD GDF5 113100 See other GDF5-related disorders
NOS 18-0080 Brachydactyly type D, HOXD13-related AD HOXD13 113200 Brachydactyly type D is often a compo-
nent of Brachydactyly type E
NOS 18-0090 Brachydactyly type E, HOXD13-related AD HOXD13 113300
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NOS 18-0100 Brachydactyly with anonychia (Cooks AD KCNJ2 106995 Duplications of SOX9/KCN.J2 regulatory
syndrome), KCNJ2-related region
NOS 18-0110 Preaxial brachydactyly, PAX3 type, AD 2g35-36 Deletions leading to disruption of TADs
linked to 2¢35-36 and abnormal expression of PAX3
See also brachdactyly, PTHLH-related (below)
Group 19 Brachydactylies as part of syndromes
NOS 19-0010 Trichorhinophalangeal dysplasia types 1/3 AD TRPST 190350, TRPS1 and 3 are a phenotypic spectrum
190351
NOS 19-0020 Langer-Giedion syndrome AD TRPS1, EXTI1 150230 Microdeletion syndrome; see also multi-
(Trichorhinophalangeal dysplasia type 2) ple cartilaginous exostoses
NOS 19-0030 Catel-Manzke syndrome, AR TGDS 616145
TGDS-related
NOS 19-0040 Deafness, onychodystrophy, osteodystro- AR TBC1D24 220500 “Osteodystrophy”and “retardation” are
phy, retardation and seizures (DOORS) misnomers
syndrome
NOS 19-0050 Brachydactyly-intellectual disability AD HDAC4 600430 The existence of this entity is questio-
syndrome, HDAC4-related nable. HDAC4 variants alone may not be
sufficient to produce either brachydacty-
ly or intellectual disability. Some patients
have microdeletions involving contigu-
ous genes (2q37 deletion syndrome).
HDAC4 variants have been associated
with a developmental disorder (see MIM
619797)
NOS 19-0060 Hyperphosphatasia with intellectual disa- AR PIGV 239300 Several other related defects of GPI syn-
bility, brachytelephalangy, and distinct thesis known, most cases not known for
face, PIGV-related skeletal changes; see for example, MIM
610293 for a summary
NOS 19-0070 Brachydactyly-short stature-hypertension AD PDE3A 112410
syndrome, PDE3A-related (Bilginturan
syndrome)
NOS 19-0080 Brachydactyly, obesity and intellectual AR PRMT7 617157 Phenotype reminiscent of Albright
disability syndrome, PRMT7-related Hereditary Ostedystrophy (AHO), GNAS-
related (see above) but recessive. In
OMIM as “617157-Short stature, bra-
chydactyly, intellectual developmental
disability, and seizures”
NOS 19-0090 Microcephaly-oculo-digito-esophageal-  AD MYCN 164280
duodenal syndrome, MYCN-related
(Feingold syndrome)
NOS 19-0100 Hand-foot-genital syndrome, AD HOXA13 140000 Includes Guttmacher syndrome
HOXA13-related
NOS 19-0110 Rubinstein-Taybi syndrome, AD CREBBP 180849
CREBBP-related
NOS 19-0120 Rubinstein-Taybi syndrome, AD EP300 613684
EP300-related
NOS 19-0130 Brachydactyly, Temtamy type, AR CHSY1 605282
CHSY1-related
NOS 19-0140 Hyperphalangism, characteristic facies, ~ AD ERF 617180 Typically a monoallelic Y89C substitution
hallux valgus and bronchomalacia
(Chitayat syndrome), ERF-related
NOS 19-0150 Hypoacusis with facial an digital anomali- XL GPC4 301026 Brachytelephalangy is the most consis-
es (Keipert syndrome), GPC4-related tent skeletal signs
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NOS 19-0160 Christian type brachydactyly AD 112450
NOS 19-0170 Coffin-Siris syndrome, ARID1A-related AD ARID1A 614607
NOS 19-0180 Coffin-Siris syndrome, ARIB1B-related AD ARID1B 135900 Variants in various components of the
SWI/SNF complex have been reported in
patients with a diagnosis of Coffin-Siris
syndrome
NOS 19-0190 Coffin-Siris syndrome, AD SMARCB1 614608
SMARCB1-related
NOS 19-0200 Coffin-Siris syndrome, AD SMARCA4 614609
SMARCA4-related
NOS 19-0210 Coffin-Siris syndrome, AD SMARCE1 616938
SMARCE1-related
NOS 19-0220 Cardiomyopathy and brachydactyly, AD LMNA 610140 in OMIM as “Heart-Hand syndrome,
LMNA-related (Heart-hand syndrome Slovenian type”
type IV)
See also CDP, X-linked recessive, ARSE-related (brachytelephalangic type; CDPX1)
Group 20 Bent bones dysplasia group
NOS 20-0010 Campomelic dysplasia (CD), AD SOX9 114290 Includes acampomelic campomelic dys-
SOX9-related plasia (ACD), mild campomelic dysplasia
(MIM 602196); so-called Ischio- pubic-
-patellar dysplasia, as well as some cases
of isolated Pierre-Robin sequence
NOS 20-0020 Stiive-Wiedemann syndrome, AR LIFR 601559 Includes former neonatal Schwartz-
LIFR-related Jampel syndrome or SJS type 2
NOS 20-0030 Stiive-Wiedemann syndrome, AR IL6ST 619751
IL6ST-related
NOS 20-0040 Kyphomelic dysplasia with facial AD KIF5B 211350 The name “kyphomelic dysplasia” has
dysmorphism, KIF5B-related been applied to heterogeneous con-
ditions
NOS 20-0050 Bent bone dysplasia, FGFR2-related AD FGFR2 614592
NOS 20-0060 Bent bone dysplasia, LAMAS5-related AR LAMAS Biallelic LAMAS variants are associated
with congenital or infantile nephrotic
syndrome (MIM)
Bent bones is an unspecific finding, particularly in a prenatal setting, that can be observed in numerous other conditions, such
as those with bone fragility; thus see the Ol-bone fragility group (group 26) as well as Hypophosphatasia, ALPL-related.
Group 21 Primordial dwarfism and slender bones group
NOS 21-0010 3-M syndrome, CUL7-related AR cuL7 273750 Includes dolichospondylic dysplasia and
Yakut short stature syndrome
NOS 21-0020 3-M syndrome, OBSL1-related AR OBSL1 612921
NOS 21-0030 3-M syndrome, CCDC8-related AR CCDC8 614205
NOS 21-0040 Sanjad-Sakati syndrome, recessive, AR TBCE 241410 In OMIM as “Kenny-Caffey type 1" but
TBCE-related does not correspond to the disorder
described by Kenny and Caffey which is
the dominant form
NOS 21-0050 Kenny-Caffey syndrome, dominant, AD FAM111A 127000
FAM111A-related
NOS 21-0060 Osteocraniostenosis, FAM111A-related AD FAM111A 602361
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NOS 21-0070 Hallermann-Streiff syndrome 234100 Usually sporadic; some cases have phe-
notypic overlap with osteocraniostenosis,
FAM111A-related
NOS 21-0080 Microcephalic osteodysplastic primordial AR RNU4ATAC 210710 Was MOPD 1/3; usually homozygous
dwarfism, RNU4ATAC-related variants; includes Taybi-Linder cephalos-
keletal dysplasia
NOS 21-0090 Roifman syndrome, RNU4ATAC-related AR RNU4ATAC 616651 See other RNU4ATAC-related condition
in this table
NOS 21-0100 Microcephalic osteodysplastic primordial AR PCNT 210720 Was MOPD2, Majewski type
dwarfism, PCNT-related
NOS 21-0110 Microcephalic osteodysplastic primordial AR ATR 210600 In MIM as Seckel syndrome 1
dwarfism, ATR-related
NOS 21-0120 Microcephalic osteodysplastic primordial AR RBBP8 606744 In MIM as Seckel syndrome 2. The RBBP8
dwarfism, RBBP8-related gene is also associated with Jawad syn-
drome (microcephaly with intellectual
disability and digital anomalies; MIM
251255)
NOS 21-0130 Microcephalic osteodysplastic primordial AR CEP152 613823 In MIM as Seckel syndrome 5. The CEP152
dwarfism, CEP152-related gene also causes primary microcephaly
(MIM 614852)
NOS 21-0140 Microcephalic osteodysplastic primordial AR DNA2 615807 In MIM as Seckel syndrome 8. The DNA2
dwarfism, DNA2-related gene is also associated with autosomal
dominant progressive external ophthal-
moplegia with mitochondrial DNA deleti-
ons (MIM 615156)
NOS 21-0150 Microcephalic osteodysplastic primordial AR TRAIP 616777 In MIM as Seckel syndrome 9
dwarfism, TRAIP-related
NOS 21-0160 Microcephalic osteodysplastic primordial AR NSMCE2 617253 In MIM as Seckel syndrome 10
dwarfism, NSMCE2-related
NOS 21-0170 Microcephalic osteodysplastic primordial AR CENPE see In MIM as autosomal recessive primary
dwarfism, CENPE-related 616051 microcephaly
NOS 21-0180 Microcephalic osteodysplastic primordial AR CRIPT 615789 In MIM as short stature with microcepha-
dwarfism, CRIPT-related ly and distinctive facies
NOS 21-0190 Microcephalic osteodysplastic primordial AR XRCC4 616541 In MIM as short stature, microcephaly
dwarfism, XRCC4-related and endocrine dysfunction
NOS 21-0200 Microcephalic osteodysplastic primor- AR DONSON 251230, Milder affected patients may fall into the
dial dwarfism, or microcephaly-short 617604 Meier-Gorlin syndrome spectrum
stature-micromelia-limb abnormalities,
DONSON-related
NOS 21-0210 IMAGE syndrome (intrauterine growth  AD CDKN1C 614732  Gene also known to cause Beckwith-
retardation, metaphyseal dyspla- Wiedemann syndrome (MIM 130650).
sia, adrenal hypoplasia, and genital IMAGE-associated variants are cluste-
anomalies) red in the PCNA-binding region and
are maternally transmitted (gene is
imprinted with preferential maternal
expression)
NOS 21-0220 IMAGE syndrome/FILS syndrome, AR POLE 618336, The phenotype is variable and may inclu-
POLE-related 615139 de immune deficiency (OMIM 615139)
NOS 21-0230 Saul-Wilson syndrome, COG4-related AD 0G4 618150
NOS 21-0240 Short stature, facial dysmorphism, AR SCUBE3 619184 in OMIM as “short stature, facial dysmor-
skeletal and dental anomalies phism, and skeletal anomalies with or
syndrome, SCUBE3-related without cardiac anomalies 2"
NOS 21-0250 Ear-patella-primordial short stature AR ORC1 224690
syndrome (Meier-Gorlin), ORC4-related
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NOS 21-0260 Ear-patella-primordial short stature AR ORC4 613800
syndrome (Meier-Gorlin), ORC4-related

NOS 21-0270 Ear-patella-primordial short stature AR ORC6 613803
syndrome (Meier-Gorlin), ORC6-related

NOS 21-0280 Ear-patella-primordial short stature AR cDoT1 605525
syndrome (Meier-Gorlin), CDT1-related

NOS 21-0290 Ear-patella-primordial short stature AR CDC6 613805 A single case reported so far
syndrome (Meier-Gorlin), CDC6-related

NOS 21-0300 Ear-patella-primordial short stature AR CDC45 603465
syndrome (Meier-Gorlin), CDC45-related

NOS 21-0310 Ear-patella-primordial short stature AR MCM3 See
syndrome (Meier-Gorlin), MCM3-related 602693

NOS 21-0320 Ear-patella-primordial short stature AR MCM5 602696
syndrome (Meier-Gorlin), MCM5-related

NOS 21-0330 Ear-patella-primordial short stature AR Mcm7 See
syndrome (Meier-Gorlin), MCM7-related 600592

NOS 21-0340 Ear-patella-primordial short stature AD GMNN 613804
syndrome (Meier-Gorlin), GMNN-related

NOS 21-0350 Ear-patella-primordial short stature AD GINS2 See A single case reported so far
syndrome (Meier-Gorlin) with 610609
craniosynostosis, GINS2-related

Group 22 L | ge di with skeletal involvement

NOS 22-0010 Mucopolysaccharidosis type 1, AR IDUA 607014, Was type 1H-Hurler syndrome, type
IDUA-related 607015, 1S-Scheie syndrome

607016

NOS 22-0020 Mucopolysaccharidosis type 2, IDS-related XL DS 309900 Known as Hunter syndrome

NOS 22-0030 Mucopolysaccharidosis type 3, AR SGSH 252900 Known as Sanfilippo A syndrome
SGSH-related (type 3A)

NOS 22-0040 Mucopolysaccharidosis type 3, AR NAGLU 252920 Known as Sanfilippo B syndrome
NAGLU-related (type 3B)

NOS 22-0050 Mucopolysaccharidosis type 3, AR HSGNAT 252930 Known as Sanfilippo C syndrome
HSGNAT-related (type 3C)

NOS 22-0060 Mucopolysaccharidosis type 3, AR GNS 252940 Known as Sanfilippo D syndrome
GNS-related (type 3D)

NOS 22-0070 Mucopolysaccharidosis type 4, AR GALNS 253000 Known as Morquio A syndrome
GALNS-related (type 4A)

NOS 22-0080 Mucopolysaccharidosis type 4, AR GLB1 253010 Known as Morquio B syndrome
GLB1-related (type 4B)

NOS 22-0090 Mucopolysaccharidosis type 6, AR ARSB 253200 Known as Maroteaux-Lamy syndrome
ARSB-related

NOS 22-0100 Mucopolysaccharidosis type 7, AR GUSB 253220 Known as Sly syndrome
GUSB-related

NOS 22-0110 Mucopolysaccharidosis type 10, AR ARSK 610011
ARSK-related

NOS 22-0120 Mucopolysaccharidosis-plus AR VPS33A 617303
syndrome, VPS33A-related

NOS 22-0130 Fucosidosis, FUCA-related AR FUCA 230000
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NOS 22-0140 alpha-Mannosidosis, MAN2B1-related AR MAN2B1 248500
NOS 22-0150 beta-Mannosidosis, MANBA-related AR MANBA 248510
NOS 22-0160 Aspartylglucosaminuria, AGA-related AR AGA 208400
NOS 22-0170 Gangliosidosis GM1, GLB1-related AR GLB1 230500 Several forms, see also mucopolysaccha-
ridosis type 4B (Morquio B) above
NOS 22-0180 Sialidosis, NEU1-related AR NEU1 256550 Several forms of different severity
NOS 22-0190 Galactosialidosis, PPGB-related AR PPGB 256540 Several forms of different severity
NOS 22-0200 Sialic acid storage disease (SIASD), AR SLC17A5 269920
SLC17A5-related
NOS 22-0210 Multiple sulfatase deficiency, AR SUMF1 272200
SUMF-related
NOS 22-0220 Mucolipidosis Il (I-cell disease), AR GNPTAB 252500 The old entity of Pacman dysplasia is the
GNPTAB-related prenatal manifestation of mucolipidosis Il
with hyperparathyroidism
NOS 22-0230 Mucolipidosis Ill (Pseudo-Hurler AR GNPTAB 252600
polydystrophy), GNPTAB-related
NOS 22-0240 Mucolipidosis Ill (Pseudo-Hurler AR GNPTG 252605 In general somewhat milder phenotype
polydystrophy), GNPTG-related than the GNPTAB-related form
NOS 22-0250 Mucolipidosis, GCAF-related AR CGAF 619345 The gene was previously known as
TMEM251 and encodes for a“GNTAP
cleavage and activity factor” (see GNTAP,
above)
NOS 22-0260 Gaucher disease, GBA-related AR GBA 230800 Long-standing Gaucher disease can have
bone changes that are different from the
“dysostosis multiplex” pattern seen in
other lysosomal diseases in this group
See also familial arthritis with hyaluronidase deficiency (“mucopolysaccharidosis type 9”), HYAL1-related; SEMD with elevated
lysosomal enzymes, MBTPS1-related, above; as well as Farber disease, ASAH1-related, below.
Group 23 Chondrodysplasia punctata (CDP) group
NOS 23-0010 CDP, X-linked recessive, ARSE-related XL ARSE 302950
(brachytelephalangic type; CDPX1)
NOS 23-0020 CDP, X-linked dominant, EBP-related XL EBP 302960
(Conradi-Hunermann type; CDPX2)
NOS 23-0030 Congenital hemidysplasia, ichthyosis, XL NSDHL 308050
limb defects (CHILD) syndrome,
NSDHL-related
NOS 23-0040 Keutel syndrome, MGP-related AR MGP 245150
NOS 23-0050 Greenberg dysplasia, LBR-related AR LBR 215140 Includes hydrops-ectopic calcification-
-moth-eaten appearance dysplasia
(HEM) and dappled diaphyseal dysplasia;
possibly includes also the ultrarare entity
designed as Astley-Kendall dysplasia. See
also the non- lethal condition associated
with LBR, above
NOS 23-0060 Rhizomelic CDP, PEX7-related AR PEX7 215100
NOS 23-0070 Rhizomelic CDP, DHPAT-related AR DHPAT 222765
NOS 23-0080 Rhizomelic CDP, AGP5-related AR AGPS 600121
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NOS 23-0090 Rhizomelic CDP, FAR1-related AR FAR1 616154 MIM calls this entity “peroxisomal fatty
acyl-CoA reductase 1 disorder”; skeletal
phenotype milder than other rCDP forms.
The FART gene is also associated with
cataracts, spastic paraparesis, and speech
delay (MIM 619338, AD)
NOS 23-0100 Rhizomelic CDP, PEX5-related AR PEX5 616716
NOS 23-0110 CDP tibial-metacarpal type 118651 Some cases possibly caused by maternal
auto-immune disease
Note: stippling can occur in several syndromes such as Zellweger cerebro-hepato-renal syndrome (see OMIM for the many
genetic types), Smith-Lemli-Opitz (MIM 270400), in Mucolipidosis Il (I-cell disease), GNPTAB-related, mild forms of Raine dyspla-
sia, FAM20C-related, and others. See also SEMD short limb-abnormal calcification type, DDR2-related. Stippling in the fetus is
also observed as a consequence of maternal auto-immune disease, sometimes presenting as “CDP tibial-metacarpal type".
Group 24 Osteopetrosis and related osteoclast disorders
NOS 24-0010 Osteopetrosis, neonatal or infantile form, AR TCIRG1 259700
TCIRG1-related

NOS 24-0020 Osteopetrosis, neonatal or infantile form, AR CLCN7 611490
CLCN7-related

NOS 24-0030 Osteopetrosis, neonatal or infantile form, AR SNX10 615085 -
SNX10-related

NOS 24-0040 Osteopetrosis, infantile form, with ner- AR OSTM1 259720 Includes former osteopetrosis with infan-
vous system involvement, OSTM1-related tile neuraxonal dysplasia (MIM 600329)

NOS 24-0050 Osteopetrosis, infantile form, osteoclast- AR TNFRSF11A 612301 See also below in this group, dysosteo-
-poor with immunoglobulin deficiency, sclerosis, TNFRSF11A-related, as well as
TNFRSF11A-related MIM 602080-familial expansile osteolysis

NOS 24-0060 Osteopetrosis, intermediate form, AR TCIRG1T 259700
TCIRG1-related

NOS 24-0070 Osteopetrosis, intermediate form, AR TNFSF11 259710
TNFSF11-related

NOS 24-0080 Osteopetrosis, intermediate form, AR PLEKHM1 611497
PLEKHM-related

NOS 24-0090 Osteopetrosis, intermediate form, AR CLCN7 259710
CLCN7-related

NOS 24-0100 Osteopetrosis, late-onset, dominant AD CLCN7 166600
form, CLCN7-related

NOS 24-0110 Osteopetrosis with renal tubular acidosis, AR CA2 259730
CA2-related

NOS 24-0120 Osteopetrosis with ectodermal dysplasia XL IKBKG 300301
and immune defect (OLEDAID),
IKBKG-related

NOS 24-0130 Osteopetrosis, moderate form, AR SLC4A2 See A single adult patient reported, pheno-
SLC4A2-related 109280 type may evolve

NOS 24-0140 Osteopetrosis, moderate form with AR FERMT3 612840 In OMIM as Leucocyte Adhesion
defective leucocyte adhesion, Deficiency 3 (LAD3) - MIM 612840
FERMT3-related

NOS 24-0150 Osteopetrosis, moderate form with AR RASGRP2 615888 OMIM only includes bleeding disorder,
defective leucocyte adhesion, platelet type, 18 (MIM 615888) for this
RASGRP2-related gene

NOS 24-0160 Osteosclerotic metaphyseal dysplasia, AR LRRK1 615198 The name may be misleading as the
LRKK1-related condition is best described as a form of

osteopetrosis
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NOS 24-0170 Pyknodysostosis, CTSK-related AR CTSK 265800 In some individuals, the features of pyk-
nodyostosis are absent and the disorder
mimics osteopetrosis

NOS 24-0180 Dysosteosclerosis, SLC29A3-related AR SLC29A3 224300

NOS 24-0190 Dysosteosclerosis, AR TNFRSF11A 224300 This entity probably forms a spectrum

TNFRSF11A-related with Osteopetrosis, intermediate form,
TNFSF11-related (above)

NOS 24-0200 Dysosteosclerosis with degenerative AR CSF1R 618476 In OMIM as “Brain abnormalities, neu-

encephalopathy and brain malformation, rodegeneration and dysosteosclerosis

CSF1R-related (BANDDOS)"; gene also associated with
MIM 221820-leukoencephalopathy with
spheroids.

Note: osteomesopyknosis (MIM 166450) may represent a form of osteopetrosis. In a pattern similar to the ciliary disorders,

the phenotypes from individual loci are variable and may overlap with those of other loci.

Group 25 Osteosclerotic disorders

NOS 25-0010 Desmosterolosis, DHCR4-related AR DHCR24 602398 See also other sterol-metabolism related
conditions

NOS 25-0020 Raine dysplasia, FAM20C-related AR FAM20C 259775 Variable severity, many cases are perina-
tal severe, some cases show survival to
adulthood; then often combined with
FGF23 elevation and hypophosphatemic
rickets

NOS 25-0030 Caffey disease, COL1A1-related AD COL1AT 114000 Rare specific variants in COL1A1. See
also osteogenesis imperfecta related to
collagen 1 genes.

NOS 25-0040 Caffey dysplasia (severe variants with AR? 114000

prenatal onset)
NOS 25-0050 Dysplastic cortical hyperostosis, A few sporadic cases known, phenotype
Kozlowski-Tsuruta type consistent, molecular basis unknown
NOS 25-0060 Dysplastic cortical hyperostosis, 601356 Only a few cases known. Im OMIM as
Al-Gazali type “Lethal short-limb skeletal dysplasia, Al
Gazali type”. Not to be confused with
“Al-Gazali syndrome”, a rare variant of
B3GALT6 disorders (see above)

NOS 25-0070 Osteopoikilosis, LEMD3-related AD LEMD3 166700 Includes Buschke-Ollendorff syndrome
(same OMIM entry)

NOS 25-0080 Melorheostosis with osteopoikilosis, AD LEMD3 166700 Includes mixed sclerosing bone dysplasia

LEMD3-related
NOS 25-0090 Melorheostosis, MAP2K1-related SP MAP2K1 155950 Possibly locus heterogeneity
NOS 25-0100 Osteopathia striata with cranial sclerosis XL AMER1 300373

(OSCS), AMERTrelated

NOS 25-0110 Pyle disease, SFRP4-related AR SFRP4 265900 The name “metaphyseal dysplasia, Pyle
type”is misleading (no growth plate dys-
plasia) and should be avoided

NOS 25-0120 Craniometaphyseal dysplasia, AD ANKH 123000 Dominant type

ANKH-related
NOS 25-0130 Craniometaphyseal dysplasia, AR GJAT 218400 Recessive type
GJA1-related
NOS 25-0140 Diaphyseal dysplasia Camurati- AD TGFB1 131300 Gain-of-function variants
Engelmann, TGFB1-related
NOS 25-0150 Hyperostosis-Hyperphosphatemia AR GALNT3 211900 Formerly hyperphosphatemic tumoral
syndrome, GALNT3-related calcinosis type 1
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NOS 25-0160 Hyperostosis-Hyperphosphatemia AR FGF23 617993 Formerly hyperphosphatemic tumoral
syndrome, FGF23-related calcinosis type 2
NOS 25-0170 Hyperostosis-Hyperphosphatemia AR KL 617994 Formerly hyperphosphatemic tumoral
syndrome, KL-relathed calcinosis type 3
NOS 25-0180 Cerebellar hypoplasia-endosteal sclerosis, AR POLR3B 213002
POLR3B-related
NOS 25-0190 Hematodiaphyseal dysplasia Ghosal, AR TBXAS1 231095
TBXAS1-related
NOS 25-0200 Hypertrophic osteoarthropathy, AR HPGD 259100 Includes cranio-osteoarthropathy, some
HPGD-related cases of recessive pachydermoperiosto-
sis, as well as recessively inherited isola-
ted digital clubbing (MIM 119900)
NOS 25-0210 Hypertrophic osteoarthropathy, AD, AR SLCO2A1 614441
SLCO2A1-related
NOS 25-0220 Oculodentoosseous dysplasia (ODOD), AD GJAT 164200
GJA1-related, dominant, mild type
NOS 25-0230 Oculodentoosseous dysplasia (ODOD) AR GJAT 257850 Possibly homozygous form of mild ODOD
GJA1-related, recessive, severe type
NOS 25-0240 Osteoectasia with hyperphosphatasia AR OPG 239000
(juvenile Paget disease), OPG-related
NOS 25-0250 Osteosclerosis, LRP5-related AD LRP5 144750, Includes previous AD osteopetrosis type
607634 1 (OPTA1)
NOS 25-0260 Sclerosteosis, SOST-related AR SOST 269500 See also sclerosteosis, SOST-related,
below
NOS 25-0270 Sclerosteosis, LRP4-related AR LRP4 614305
NOS 25-0280 Endosteal hyperostosis, van Buchem AR SOST 239100 Specific 52 kb deletion downstream
type, SOST-related of SOST
NOS 25-0290 Endosteal hyperostosis, Worth type AD LRP5 144750
NOS 25-0300 Craniodiaphyseal dysplasia, AD SOST 122860 Presumed dominant negative variant
SOST-related
NOS 25-0310 Craniodiaphyseal dysplasia, AR SP7 See One family reported; SP7 variants also
SP7-related 606633 associated with Osteogenesis imperfecta
(MIM 613849), see below
NOS 25-0320 Trichodentoosseous dysplasia, AD DLX3 190320
DLX3-related
NOS 25-0330 Diaphyseal medullary stenosis with malig- AD MTAP 112250 Also known as Hardcastle disease
nant fibrous histiocytoma, MTAP-related
NOS 25-0340 Craniotubular dysplasia, TMEM53-related AR TMEM53 619727
NOS 25-0350 Craniometadiaphyseal dysplasia, AR 269300
Wormian bone type
NOS 25-0360 Lenz-Majewski hyperostotic dysplasia, AD PTDSS1 151050
PTDSS1-related
NOS 25-0370 Osteochondrodysplasia with hypertri- AD ABCC9 239850
chosis (Cantu syndrome), ABCC9-related
NOS 25-0380 Familial Paget disease of bone, AD SQSTM1 167250
SQSTM1-related
NOS 25-0390 Inclusion body myopathy, Paget disease  AD vcP 167320 Monoallelic variants in the VCP
of bone and frontotemporal dementia gene are also associated with MIM
616687-Charcot-Marie-Tooth disease 2Y,
and with MIM 613954-Frontotemporal
dementia and/ or amyotrophic lateral
sclerosis 6.
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NOS 25-0400 Endosteal hyperostosis, oligodontia, AR POLR3GL 619234 Phenotypic elements will need to be
short stature, facial dysmorphism and evaluated more precisely; one patient
intellectual disability, POLR3GL-related reported as Wiedemann- Rautenstrauch-

syndrome-like

NOS 25-0410 Metaphyseal dysplasia, Braun-Tinschert ~ AD 605946
type

NOS 25-0420 Trichothiodystrophy with axial AR A subset of patients with trichothio-
osteosclerosis dystrophy have marked osteosclerosis

but have not been molecularly charac-
terized so far
See also the chondrodysplasia punctata group (group 23); as well as familial expansile osteolysis, TNFRSF11A-related (below);
and trichothiodystrophy with central osteosclerosis (PMID 15148554)

Group 26 Osteogenesis imperfecta and bone fragility group

NOS 26-0010 Osteogenesis imperfecta, non-deforming AD COL1AT 166200 Usually with persistently blue sclerae, can
(Sillence type 1), COL1A1-related have signs of connective tissue weakness

(in MIM as Ol type I)

NOS 26-0020 Osteogenesis imperfecta, non-deforming AD COL1A2 166200 Usually with persistently blue sclerae, can

(Sillence type 1), COL1A2-related have signs of connective tissue weakness
(in MIM as Ol type 1)

NOS 26-0030 Osteogenesis imperfecta, severe perinatal AD COL1AT 166210 Formerly “perinatal lethal”; in OMIM as
form (Sillence type 2) COL1A1-related Ol typell

NOS 26-0040 Osteogenesis imperfecta, severe perinatal AD COL1A2 Formerly “perinatal lethal”; in OMIM as
form (Sillence type 2), COL1A2-related Ol typell

NOS 26-0050 Osteogenesis imperfecta, severe perinatal AR CRTAP Formerly “perinatal lethal”; in OMIM as
form (Sillence type 2), CRTAP-related Ol type VIl

NOS 26-0060 Osteogenesis imperfecta, severe perinatal AR P3H1 Formerly “perinatal lethal”; in OMIM as
form (Sillence type 2), P3H1-related Ol type VIIl

NOS 26-0070 Osteogenesis imperfecta, severe perinatal AR PPIB Formerly “perinatal lethal”; in OMIM as
form (Sillence type 2), PPIB-related Ol type IX

NOS 26-0080 Osteogenesis imperfecta, progressively ~ AD COL1AT1 259420 In OMIM as Ol type llI
deforming (Sillence type 3),

COL1A1-related

NOS 26-0090 Osteogenesis imperfecta, progressively ~ AD COL1A2 259420 In OMIM as Ol type llI
deforming (Sillence type 3),

COL1A2-related

NOS 26-0100 Osteogenesis imperfecta, progressively ~ AD IFITM5 610967 In OMIM Ol type lIl; phenotype is distinct
deforming (Sillence type 3), but in some instances can minimize Ol
IFITM5-related type Il

NOS 26-0110 Osteogenesis imperfecta, progressively AR SERPINF1 613982 In OMIM as Ol type VI
deforming (Sillence type 3),

SERPINF1-related

NOS 26-0120 Osteogenesis imperfecta, progressively AR CRTAP 610682 In OMIM Ol type VII
deforming (Sillence type 3), CRTAP-related

NOS 26-0130 Osteogenesis imperfecta, progressively AR P3H1 610915 In OMIM Ol type VIII
deforming (Sillence type 3), P3H1-related

NOS 26-0140 Osteogenesis imperfecta, progressively AR PPIB see In OMIM Ol type IX
deforming (Sillence type 3), PPIB-related 259440

NOS 26-0150 Osteogenesis imperfecta, progressively AR SERPINHT 613848 In OMIM Ol type X
deforming (Sillence type 3),

SERPINH1-related

NOS 26-0160 Osteogenesis imperfecta, progressively AR FKBP10 610968 In OMIM Ol type XI

deforming (Sillence type 3),
FKBP10-related
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NOS 26-0170 Osteogenesis imperfecta, progressively AR TMEM38B 615066 In OMIM Ol type XIV
deforming (Sillence type 3),

TMEM38B-related

NOS 26-0180 Osteogenesis imperfecta, progressively AR BMP1 614856 In OMIM Ol type XIll
deforming (Sillence type 3), BMP1-related

NOS 26-0190 Osteogenesis imperfecta, progressively AR WNT1 615220 In OMIM as Ol type XV. Biallelic variants;
deforming (Sillence type 3), WNT1-related monoallelic variants may result in AD

osteoporosis.

NOS 26-0200 Osteogenesis imperfecta, progressively AR CREB3L1 616229 In OMIM as Ol type XVI. Has severe joint
deforming (Sillence type 3), laxity and scoliosis, Ehlers-Danlos-like
CREB3L1-related

NOS 26-0210 Osteogenesis imperfecta, progressively AR SPARC 616507 In OMIM as Ol type XVII
deforming (Sillence type 3), SPARC-related

NOS 26-0220 Osteogenesis imperfecta, progressively AR TENT5A 617952 In OMIM as Ol type XVIII
deforming (Sillence type 3),

TENT5A-related

NOS 26-0230 Osteogenesis imperfecta, progressively ~ XLR MBTPS2 301014 In OMIM as Ol type XIX
deforming (Sillence type 3),

MBTPS2-related

NOS 26-0240 Osteogenesis imperfecta, progressively AR MESD 618644 In OMIM as Ol type XX
deforming (Sillence type 3), MESD-related

NOS 26-0250 Osteogenesis imperfecta, progressively AR KDELR2 619131 In OMIM as Ol type XXI. Frequency of
deforming (Sillence type 3) with neurode- neurodevelopmental delay not clear yet.
velopmental features, KDELR2-related

NOS 26-0260 Osteogenesis imperfecta, progressively AR CCD134 619795 In OMIM as Ol typeXXIl
deforming (Sillence type 3),

CCD134-related

NOS 26-0270 Osteogenesis imperfecta, moderate form AD COL1AT 166220 In OMIM as Ol type IV
(Sillence type 4), COL1A1-related

NOS 26-0280 Osteogenesis imperfecta, moderate form AD COL1A2 166220 In OMIM as Ol type IV
(Sillence type 4), COL1A2-related

NOS 26-0290 Osteogenesis imperfecta, moderate form AR WNT1 see In OMIM as Ol type XV
(Sillence type 4), WNT1-related 166220

NOS 26-0300 Osteogenesis imperfecta, moderate form AD IFITM5 166220 in OMIM Ol type IV
(Sillence type 4), IFITM5-related

NOS 26-0310 Osteogenesis imperfecta, moderate form AR CRTAP see In OMIM as Ol type VII
(Sillence type 4), CRTAP-related 610682

NOS 26-0320 Osteogenesis imperfecta, moderate form AD PPIB see In OMIM as Ol type IX
(Sillence type 4), PPIB-related 259440

NOS 26-0330 Osteogenesis imperfecta, moderate form AR FKBP10 see In OMIM as Ol type XI
(Sillence type 4), FKBP10-related 610968

NOS 26-0340 Osteogenesis imperfecta, moderate form AR SP7 613849 In OMIM as Ol type XlI
(Sillence type 4), SP7-related

NOS 26-0350 Osteogenesis imperfecta with calcifica-  AD IFITM5 610967 When calcification of intraosseous
tion of interosseous membranes and/or membranes or hypertrophic callus are
hypertrophic callus (Ol type 5), not observed, may mimic progressively
IFITM5-related deforming or moderate Ol (Sillence types

3and 4)

NOS 26-0360 Osteogenesis imperfecta with AD P4HB 112240 Craniosynostosis is not well documented
craniosynostosis (Cole- Carpenter in this condition in spite of the name.
syndrome), PAHB-related
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NOS 26-0370 Osteogenesis imperfecta with AR SEC24D 616294 Was Cole-Carpenter syndrome 2. Possibly
craniosynostosis (Cole- Carpenter misnomer, as most patients do not
syndrome), SEC24D-related have craniosynostosis but rather large

fontanels.

NOS 26-0380 Osteoporosis — X-linked form, XL PLS3 300910
PLS3-related

NOS 26-0390 Osteoporosis—X-linked form, XL MBTPS2 301074 In OMIM as Ol type XIX; gene also asso-
MBPTS2-related ciated with MIM 300918, MIM308205,

MIM 308800

NOS 26-0400 Osteoporosis—dominant form, AD WNTI1 615220 OMIM Ol type XV
WNT1-related

NOS 26-0410 Osteoporosis — AD form, AD LRP5 166710, Monoallelic variants; biallelic variants
LRP5-related 601884 result in MIM 259770 osteoporosis-

-pseudoglioma (see below); this gene is
also associated with hyperostotic forms
(see below) as well as with MIM 601813-
exudative vitreoretinopathy, as well as
MIM 617875-polycystic liver disease

NOS 26-0420 Osteoporosis—AD form, AD ARHGAP25 see
ARHGAP25-related 610587

NOS 26-0430 Bruck syndrome type 1 (BS1), AR FKBP10 259450 See autosomal recessive Ol, above;
FKBP10-related intrafamilial variability between Ol type

3, arthrogryposis and Bruck syndrome 1
is documented

NOS 26-0440 Bruck syndrome type 2 (BS2), AR PLOD2 609220
PLOD2-related

NOS 26-0450 Osteoporosis-pseudoglioma AR LRP5 259770 When eye involvement is absent, may
syndrome, LRP5-related mimic progressively deforming or mode-

rate Ol (Sillence types 3 and 4)

NOS 26-0460 Bone fragility with calvarial AD SGMS2 126550 Overlap with a spondylo-metaphyseal
“doughnut” lesions, SGSM2-related dysplasia phenotype

NOS 26-0470 Spondylo-ocular dysplasia, AR XYLT2 605822
XYLT2-related

NOS 26-0480 Gnathodiaphyseal dysplasia, AD ANO5 166260 Gene also associated with OMIM
ANO5-related 613319-Miyoshi muscular dystrophy 3,

and OMIM 611307-recessive limb-girdle
muscular dystrophy 12

NOS 26-0490 Osteoporosis with developmental delay AD COPB2 619884 Clinically variable, microcephaly in some
and microcephaly, COPB2-related cases only

NOS 26-0500 Geroderma osteodysplasticum, AR GORAB 231070
GORAB-related

NOS 26-0510 Cutis laxa, PYCR1-related AR PYCR1 612940 Autosomal recessive form, type 2B

(ARCL2B). Skeletal features overlapping
with progeroid EDS and geroderma
osteodysplasticum

NOS 26-0520 Cutis laxa, ATP6VOA2-related AR ATP6VOA2 278250, Autosomal recessive form, type 2A

219200 (ARCL2A); wrinkly skin syndrome. Skeletal
features overlapping with progeroid EDS
and geroderma osteodysplasticum

NOS 26-0530 Wiedemann-Rautenstrauch AR POLR3A 264090 Gene also associated with MIM 607694-
syndrome, POLR3A-related Leukodystrophy, hypomyelinating, with

or without oligodontia and/or hypogo-
nadotropic hypogonadism
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NOS 26-0540 Singleton-Merten dysplasia, AD IFIHT 182250 Gene also associated with MIM
IFIH-related 615846-Aicardi-Goutieres syndrome 7,
and OMIM 619773-Immunodeficiency 95
NOS 26-0550 Singleton-Merten dysplasia, AD DDX58 616298
DDX58-related
Note: some of the recently discovered Ol variants are still limited to very small numbers of patients; thus, the association with
Ol “Sillence type 3" is tentative and may be too restrictive as other phenotypes might emerge in the future. See also: Short
stature, skeletal dysplasia, liver failure, optic nerve atrophy and Pelger-Huet anomaly, NBAS-related, above (Group 13); as well
as all the Loeys-Dietz syndrome variants and the Snyder-Robinson syndrome, SMS-related (Group 31).
Group 27 Disorders of bone mineralisation
NOS 27-0010 Hypophosphatasia, ALPL-related, AR ALPL 241500 Includes perinatal, infantile
recessive (biallelic) forms and juvenile forms
NOS 27-0020 Hypophosphatasia, ALPL-related, AD ALPL 146300 Includes juvenile and adult forms as well
dominant (monoallelic) forms as odontohypophosphatasia
NOS 27-0030 Hypophosphatemic rickets, XL PHEX 307800 X-linked, most common genetic form of
PHEX-related hypophosphatemic rickets
NOS 27-0040 Hypophosphatemic rickets, AD FGF23 193100 Autosomal dominant
FGF23-related
NOS 27-0050 Hypophosphatemic rickets, AR DMP1 241520 Autosomal recessive (ARHR1)
DMP1-related
NOS 27-0060 Hypophosphatemic rickets, AR ENPPT 613312  Autosomal recessive (ARHR2)
ENPP1-related
NOS 27-0070 Hypophosphatemic rickets, AD SGK3 see Autosomal dominant
SGK3-related 607591
NOS 27-0080 Hypophosphatemic rickets with XL CLCN5 300554 X-linked; part of Dent’s disease complex
hypercalciuria, CLCN5-related (progressive proximal renal tubulopathy
with hypercalciuria, low molecular wei-
ght proteinuria, and nephrocalcinosis;
MIM 300009)
NOS 27-0090 Hypophosphatemic rickets with AR SLC34A3 241530 Autosomal recessive (HHRH)
hypercalciuria, SLC34A3-related
NOS 27-0100 Vitamin D-dependent rickets, AR CYP27B1 264700 Formerly type 1A
CYP27B1-related
NOS 27-0110 Vitamin D-dependent rickets, AR CYP2R1 600081 Formerly type 1B
CYP2R1-related
NOS 27-0120 Vitamin D-dependent rickets, AR VDR 277440 Formerly type 2A
VDR-related
NOS 27-0130 Vitamin D-dependent rickets, AD CYP3A4 619073 Formerly type 3; specific monoallelic
CYP3A4-related variants that increase enzyme activity
leading to rapid degradation of active
vitamin D
NOS 27-0140 Vitamin D-dependent rickets, AD? HNRNPC see Formerly type 2B; molecular basis (supp-
HNRNPC-related 164020 osed HNRNPC dominant negative) from
a single patient
NOS 27-0150 Familial hyperparathyroidism, AD CDC73 145000, With or without jaw tumors
CDC73-related 145001
NOS 27-0160 Familial hyperparathyroidism linked AD 2p14-p13.3 610071 Linkage studies; no gene identified
to chromosome 2
NOS 27-0170 Familial hyperparathyroidism, AD GCM2 617343 Variants in this gene also cause fami-
GCM2-related lial isolated hypoparathyroidism (MIM
618883)
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NOS 27-0180 Neonatal hyperparathyroidism, AR, AD CASR 239200 “Severe” form (but see below, transient
CASR-related form also CASR-related). Variants in the
CASR gene can also result in autosomal
dominant hypocalcemia (MIM 601198)
NOS 27-0190 Neonatal hyperparathyroidism, AR TRPV6 618188 Transient form
TRPV6-related
NOS 27-0200 Familial hypocalciuric hypercalcemia AD CASR 145980 Other forms of familial hypocalciuric
with transient neonatal hyperparathy- hypercalcemia do not show significant
roidism, CASR-related skeletal phenotypes
NOS 27-0210 Calcium pyrophosphate deposition AD ANKH 118600 Loss-of-function variants (see also cranio-
disease (familial chondrocalcinosis), metaphyseal dysplasia, dominant type)
ANKH-related
NOS 27-0220 Calcium pyrophosphate deposition AD TNFRSF11B see Apparently monoallelic gain-of-function
disease (familial chondrocalcinosis), 602643 variants
TNFRSF11B-related
NOS 27-0230 Cutaneous skeletal hypophosphatemia ~ MOS HRAS Somatic mosaicism for activating variants
syndrome in HRAS with elevated FGF23 levels
NOS 27-0240 Cutaneous skeletal hypophosphatemia ~ MOS NRAS Somatic mosaicism for activating variants
syndrome in NRAS with elevated FGF23 levels
Note: Hyperparathyroidism due to parathyroid adenoma occurs in a number of genetic disorders, for example, in Multiple
Endocrine Neoplasias (see MIM for variants). See also Group 28, below, as well as
Raine dysplasia, FAM20C-related
Group 28 Skeletal disorders of the parathyroid hormone signaling cascade
NOS 28-0010 Metaphyseal dysplasia, Jansen type, AD PTHR1 156400 Caused by activating variants
PTHR1-related
NOS 28-0020 Metaphyseal dysplasia, Csukasi-Krakow AR SIK3 618162 disruption of mTOR signaling downstre-
type, SIK3-related am of the PTH receptor
NOS 28-0030 Blomstrand dysplasia, PTHR1-related AR PTHR1 215045 Caused by recessive (biallelic) loss-of-
-function variants
NOS 28-0040 Eiken dysplasia, PTHR1-related AR PTHR1 600002 Caused by recessive (biallelic) hypomor-
phic variants
NOS 28-0050 Brachydactyly, PTHLH-related AD PTHLH 613382 Haploinsufficiency; with or without short
(brachdactyly type E2) stature
NOS 28-0060 Osteolysis, PTHLH-related AD PTHLH Duplications of PTHLH causing acro-
-osteolysis; see also Groups 30 and 18
Note: see also Acrodysostosis, PDE4D-related and PRKAR1A-related, above; and Albright hereditary osteodystrophy, GNAS-
related. Monoallelic loss-of-function variants in PTHRT lead to primary failure of tooth eruption (MIM 125350)
Group 29 Osteolysis group
NOS 29-0010 Familial expansile osteolysis, AD TNFRSF11A 174810, Includes early-onset familial Paget dise-
TNFRSF11A-related 602080 ase of bone. See other TNFRSF11A-related
phenoytpes in Group 24
NOS 29-0020 Mandibuloacral dysplasia, AR LMNA 248370 See also Progeria (in this group), LMNA-
LMNA-related related cardiomyopathy and brachyd-
actyly (Group 19) as well as many other
conditions in MIM related to LMNA
NOS 29-0030 Mandibuloacral dysplasia, AR ZMPSTE24 608612
ZMPSTE24-related
NOS 29-0040 Mandiculoacral dysplasia, AR MTX2 619127
MTX2-related
NOS 29-0050 Progeria, Hutchinson-Gilford type, AD LMNA 176670
LMNA-related
NOS 29-0060 Multicentric osteolysis, nodulosis and AR MMP2 259600 Includes Winchester-Torg syndrome
arthropathy (MONA), MMP2-related and nodulosis-arthropathy-osteolysis
syndrome
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NOS 29-0070 Multicentric osteolysis, nodulosis and AR MMP14 277950 A biallelic homozygous MMP14 variant
arthropathy (MONA), MMP14-related seen in the original Winchester syndrome
family
NOS 29-0080 Hajdu-Cheney syndrome, AD NOTCH2 102500 Includes the Serpentine fibula-polycystic
NOTCH2-related kidney syndrome (SFPKS)
NOS 29-0090 Multicentric carpal-tarsal osteolysis with ~ AD MAFB 166300
and without nephropathy, MAFB-related
NOS 29-0100 Penttinen syndrome, PDGFRB-related AD PDGFRB 601812 See also MIM 601812-Kosaki overgrowth
syndrome
NOS 29-0110 Nestor Guillermo progeria syndrome, AR BANF1 603811
BANF1-related
NOS 29-0120 Farber disease, ASAH1-related AR ASAH1 The chronic, adult form of Farber disease
can present as osteolysis
Note: several neurologic conditions may cause acroosteolysis. See also Osteolysis, PTHLH-related (above), Pyknodysostosis,
CTSK-related; cleidocranial dysplasia, RUNX2-related; Keutel syndrome, MGP-related; Singleton-Merten dysplasia, IFIH-related;
and Singleton-Merten dysplasia, DDX58-related
Group 30 Disorganized development of skeletal components group
NOS 30-0010 Multiple cartilaginous exostoses, AD EXT1 133700
EXT1-related (MCE; or multiple
osteochondromas, MO)
NOS 30-0020 Multiple cartilaginous exostoses, AD EXT2 133701
EXT2-related (MCE; or multiple
osteochondromas, MO)
NOS 30-0030 Cherubism, SH3BP2-related AD SH3BP2 118400
NOS 30-0040 Fibrous dysplasia, polyostotic form MOS GNAS 174800 Somatic mosaicism for gain-of-function
(McCune-Albright syndrome), variants; includes Mazabraud syndrome
GNAS-related with intramuscular myxomas
NOS 30-0050 Progressive osseous heteroplasia AD GNAS 166350 Germline loss-of-function of paternal
(POH), GNAS-related allele
NOS 30-0060 Metachondromatosis, AD PTPNT1 156250 Loss-of-function variants (in contrast to
PTPN11-related Noonan syndrome) with loss of heterozy-
gosity in lesional tissue
NOS 30-0070 Osteoglophonic dysplasia, AD FGFR1 166250 Craniosynostosis is also an important
FGFR1-related feature (Group 34)
NOS 30-0080 Fibrodysplasia ossificans progressiva AD ACVR1 135100 Most cases sporadic but dominant tran-
(FOP), ACVR1-related smission documented
NOS 30-0090 Neurofibromatosis type 1, NF1-related AD NF1 162200
NOS 30-0100 Cherubism with gingival fibromatosis AR 266270 Some similarities to primary intraosseous
(Ramon syndrome) vascular malformation, ELMO2-related
(see below)
NOS 30-0110 Dysplasia epiphysealis hemimelica SP 127800 Some familial cases reported (“familial
(Trevor) Trevor disease”) but probably represent
a different condition
NOS 30-0120 Lipomembraneous osteodystrophy AR TREM2 618193  Also known as presenile dementia with
with leukoencephalopathy, bone cysts
TREM2-related (Nasu-Hakola)
NOS 30-0130 Lipomembraneous osteodystrophy with AR TYROBP 221770 Also known as presenile dementia with
leukoencephalopathy, TYROBP-related bone cysts
(Nasu-Hakola)
NOS 30-0140 Enchondromatosis, IDH1-related MOS IDH1 166000 Somatic mosaicism for specific IDHT vari-
(Ollier disease) ants. See also MIM 147700 and 137800
90 | LOCOMOTOR SYSTEM vol. 30, 2023, No. 1/ POHYBOVE USTROJI, ro¢nik 30, 2023, ¢. 1



Group number/  Group/name of disorder Inheritance Gene MIM Notes

nr. of disorder or locus Nr.

NOS 30-0150 Enchondromatosis, IDH2-related MOS IDH2 166000 Somatic mosaicism for IDH2 variants;

(Ollier disease) significantly rarer than IDH1 variants.
See also MIM 147650 and 613657, D-2-
hydroxyglutaric aciduria 2
NOS 30-0160 Enchondromatosis with hemangiomas, ~ MOS IDH1 614569 Somatic mosaicism for specific IDH1 vari-
IDH1-related (Maffucci disease) ants. See also MIM 147700 and 137800
NOS 30-0170 Enchondromatosis with hemangiomas, =~ MOS IDH2 614569 Somatic mosaicism for IDH2 variants;
IDH2-related (Maffucci disease) significantly rarer than IDH1 variants.
See also MIM 147650 and 613657, D-2-
hydroxyglutaric aciduria 2
NOS 30-0180 Metaphyseal chondromatosis with MOS IDH1 614875  Includes so-called cheirospondyloen-
D-2-hydroxyglutaric aciduria, chondromatosis. Somatic mosaicism for
IDH1-related IDH1 variants. Possibly also IDH2 variants
but not yet well documented
NOS 30-0190 Primary intraosseous vascular malfor- AR ELMO2 606893
mation, ELMO2-related

NOS 30-0200 Osteofibrous dysplasia, MET-related AD, SP MET 607278 Possibly corresponding to the former
“Campanacci dysplasia”

NOS 30-0210 Genochondromatosis AD 137360 “Geno”from Greek “knee’, but upper
limbs also affected. Probably includes
the condition known as Vaandrager-Pefia
syndrome

NOS 30-0220 Gorham-Stout disease and familial SP (MOS?), AD see Severe Gorham-Stout disease is mostly

diffuse angiomatosis of bone 123880 sporadic. Somatic KRAS variants have
been found in rare cases. In contrast,
milder cases may be familial (“familial
diffuse cystic angiomatosis of bone”; see
OMIM 123880).

Note: PTEN-related disorders are not included because the overgrowth is restricted to macrocephaly. See also: Proteus syndro-

me, AKT1-related; Spondyloenchondrodysplasia with immune dysregulation (SPENCD), ACP5-related; Spondyloepimetaphyseal

dysplasia, COL2A1-related (“SED with marked metaphyseal changes’, including dysspondyloenchondromatosis); Cutaneous ske-

letal hypophosphatemia syndrome, HRAS-related and NRAS-related. Some patients with SOX6 variants have osteochondromas.

Group 31 Overgrowth (tall stature) syndromes and segmental overgrowth

NOS 31-0010 Marfan syndrome, FBN1-related AD FBN1 154700 See also as differential diagnosis: homo-
cystinuria and marfanoid habitus with ID
(Lujan Fryns syndrome): MED12; ZDHHC9;
UPF3B

NOS 31-0020 Congenital contractural arachnodactyly ~ AD FBN2 121050

(Beals-Hecht syndrome), FBN2-related
NOS 31-0030 Loeys-Dietz syndrome, AD TGFBR1 609192 Osteopenia with propensity to fractures
TGFBR1-related may be observed in all variants of the
Loeys-Dietz syndrome

NOS 31-0040 Loeys-Dietz syndrome, TGFBR2-related ~ AD TGFBR2 610168

NOS 31-0050 Loeys-Dietz syndrome, TGFB2-related AD TGFB2 614816

NOS 31-0060 Loeys-Dietz syndrome, TGFB3-related AD TGFB3 615582

NOS 31-0070 Loeys-Dietz syndrome, SMAD2-related AD SMAD2 619656

NOS 31-0080 Loeys-Dietz syndrome, SMAD3-related AD SMAD3 613795

NOS 31-0090 Weaver syndrome, EZH2-related AD EZH2 277590 Some cases reported with NSD1, EED,
and SUZ12 variants

NOS 31-0100 Cohen-Gibson (Weaver-like) syndrome, ~ AD EED 617561

EED-related
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NOS 31-0110 Imagawa-Matsumoto (Weaver like) AD suzi2 606245
syndrome, SUZ12-related
NOS 31-0120 Sotos syndrome, NSD1-related AD NSD1 117550
NOS 31-0130 Sotos syndrome, APC2-related AR APC2 617169
NOS 31-0140 Malan (Sotos-like) syndrome, AD NFIX 614753
NFIX-related
NOS 31-0150 Luscan-Lumish syndrome, AD SETD2 616831
SETD2-related
NOS 31-0160 Tatton-Brown-Rahman syndrome, AD DNMT3A 615879
DNMT3A-related
NOS 31-0170 Marshall-Smith syndrome, AD NFIX 602535 See also Malan syndrome. The localizati-
NFIX-related on of the monoallelic variants determine
the Malan vs. Marshall Smith phenotype
NOS 31-0180 Beckwith-Wiedemann syndrome AD 11p15.5 130650 Variant or deletion of imprinted genes
region within the chromosome 11p15.5 region
NOS 31-0190 Simpson-Golabi-Behmel syndrome, XL GPC3 312870
GPC3-related
NOS 31-0200 Proteus syndrome, AKT1-related MOS AKT1 176920
NOS 31-0210 Hypoinsulinemic hypoglycemia with AD AKT2 Gene also associated with OMIM 125853
hemihypertrophy (HIHGHH), diabetes mellitus type Il
AKT2-related
NOS 31-0220 Congenital ipomatous overgrowth, MOS PIK3CA 612918 Also named PIK3CA-related overgrowth
vascular Malformations, epidermal syndrome (PROS); somatic variants; see
Nevi, spinal/skeletal anomalies/scoliosis MIM 171834
(CLOVES) syndrome, PIK3CA-related
NOS 31-0230 Fibroadipose hyperplasia, MOS PIK3CA See See MIM 171834 for the many conditions
PIK3CA-related 171834 associated with somatic PIK3CA variants
NOS 31-0240 Snyder-Robinson syndrome (intellectual ~ XLR SMs 309583
disability, tall stature, osteoporosis and
fractures), SMS-related
NOS 31-0250 Overgrowth syndrome with 2q37 SP NPPC see Overgrowth probably caused by overex-
translocations 600296 pression of NPPC
NOS 31-0260 Tall stature with long halluces, AD NPR2 615923 Monoallelic gain-of-function variants in
NPR2-related NPR2; in OMIM as epiphyseal chondro-
dysplasia, Miura type
NOS 31-0270 Tall stature with long halluces, AR NPR3 619543 Biallelic loss-of-function variants in NPR3;
NPR3-related in OMIM as Boudin-Mortier syndrome
NOS 31-0280 Moreno-Nishimura-Schmidt syndrome SP 608811
NOS 31-0290 Camptodactyly, tall stature and hearing  AD, AR FGFR3 610474  Original family with monoallelic (domi-
loss syndrome (CATSHL), FGFR3-related nant negative?) variant; a second family
with biallelic variants (see Group 1)
NOS 31-0300 Kosaki overgrowth syndrome, AR PDGFRB 616592  See also MIM 601812-Pentinnen syn-
PDGFRB-related drome
NOS 31-0310 Segmental odontomaxillary dysplasia, MOS ACTB see See PMID 32585735; see also MIM
ACTB-related 102630 243310-Baraitser-Winter syndrome
See also: Shprintzen-Goldberg syndrome, SKl-related, in the craniosynostosis group. Note: this group does not include disor-
ders that cause overgrowth secondary to vascular malformations, such as Klippel-Trenaunay syndrome, at least until a genetic
(somatic) origin will have been demonstrated.
Group 32 Genetic inflammatory or rheumatoid-like osteoarthropathies
NOS 32-0010 Progressive pseudorheumatoid AR WISP3 208230 Also known as SED with
dysplasia (PPRD), WISP3-related progressive arthropathy
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NOS 32-0020 Chronic infantile neurologic cutaneous ~ AD CIAST 607115
articular syndrome (CINCA), CIAS1-related
(neonatal onset multisystem inflammato-
ry disease (NOMID))
NOS 32-0030 Sterile multifocal osteomyelitis, periosti- ~ AR ILTRN See
tis, and pustulosis (CINCA/NOMID-like), 147679
IL1RN-related
NOS 32-0040 Chronic recurrent multifocal osteomyelitis AR LPIN2 609628
with congenital dyserythropoietic anemia
(CRMO with CDA; Majeed syndrome),
LPIN2-related
NOS 32-0050 Familial juvenile arthritis with hyaluroni- AR HYAL1 601492  Also known as mucopolysaccharidosis
dase deficiency, HYAL1-related type 9, although clinically no storage
NOS 32-0060 Hyaline Fibromatosis Syndrome, AR ANTXR2 236490, Previously known as infantile systemic
ANTXR2-related 228600 hyalinosis, juvenile hyaline fibromatosis,
and puretic syndrome
Farber disease, ASAH1-related (osteolysis group 29, an d MIM 228000) shows phenotypic overlap with the conditions
in this group.
Group 33 Cleidocranial dysplasia and related disorders
NOS 33-0010 Cleidocranial dysplasia, AD RUNX2 119600 See also MIM 156510-metaphyseal dys-
RUNX2-related plasia with maxillary hypoplasia, as well
as non-syndromic midline craniosynosto-
sis, RUNX2-related, below
NOS 33-0020 Cleidocranial-like dysplasia, AD CBFB See See also MIM 601626, familial leukemia
CBFB-related 121360
NOS 33-0030 CDAGS syndrome (craniosynostosis, AR RNU12 603116
delayed fontanel closure, parietal
foramina, imperforate anus, genital
anomalies, skin eruption),
RNU12-related
NOS 33-0040 Yunis-Varon dysplasia, FIG4-related AR FIG4 216340 Gene also causes OMIM 612577 amyo-
trophic lateral sclerosis 11, and OMIM
611228 CMT disease 4J
NOS 33-0050 Yunis-Varon dysplasia, VAC14-related AR VAC14 Only one case of VAC14-related Yunis-
Varon reported so far, so association
needs to be confirmed. Gene also asso-
ciated with OMIM 617054 Striatonigral
degeneration, childhood-onset (several
patients reported)
NOS 33-0060 Parietal foramina, MSX2-related AD MSX2 168500
NOS 33-0070 Parietal foramina, ALX4-related AD ALX4 609597  See also frontonasal dysplasia type 1
NOS 33-0080 Parietal foramina with cleidocranial AD MSX2 168550  MSX2 variants also cause craniosynostosis
dysplasia, MSX2-related Boston type
See also: pyknodysostosis, CTSK-related; cutis laxa, ATP6V0A2-related; mandibuloacral dysplasia, LMNA-related; progeria,
Hutchinson-Gilford type, LMNA-related; and Hajdu-Cheney syndrome, NOTCH2-related, for similar clavicular defects or osteoly-
sis. See also Crane-Heise syndrome (MIM 218090), the nosologic status of which remains unclear.
Group 34 Syndromes featuring craniosynostosis
NOS 34-0010 Pfeiffer syndrome, FGFR1-related AD FGFR1 101600 Most have FGFR1 p.P252R
variant; Includes Jackson-Weiss syndro-
me (MIM 123150)
NOS 34-0020 Pfeiffer syndrome, FGFR2-related AD FGFR2 101600
NOS 34-0030 Apert syndrome, FGFR2-related AD FGFR2 101200
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NOS 34-0040 Craniosynostosis with cutis gyrata AD FGFR2 123790 Notably p.S372Y or p.Y375C variants
(Beare-Stevenson), FGFR2-related
NOS 34-0050 Crouzon syndrome, FGFR2-related AD FGFR2 123500
NOS 34-0060 Crouzon-like craniosynostosis with AD FGFR3 612247 Defined by specific FGFR3 .A391E variant;
acanthosis nigricans, FGFR3-related also known as Crouzonodermoskeletal
syndrome
NOS 34-0070 Craniosynostosis, Muenke type, AD FGFR3 602849 Defined by specific FGFR3 p.P250R
FGFR3-related variant
NOS 34-0080 Antley-Bixler syndrome, POR-related AR POR 201750
NOS 34-0090 Craniosynostosis Boston type, AD MsX2 604757 Heterozygous p.P148H variant in a two
MSX2-related families
NOS 34-0100 Saethre-Chotzen syndrome, AD TWIST1 101400 Variants in FGFR3, FGFR2, and TCF12 have
TWIST1-related been reported to cause phenotypes
resembling Saethre-Chotzen syndrome
NOS 34-0110 Shprintzen-Goldberg syndrome, AD SKI 182212
SKl-related
NOS 34-0120 Baller-Gerold syndrome, AR RECQL4 218600 See other phenotypes associated with
RECQL4-related RECQL4 variants, above
NOS 34-0130 Carpenter syndrome, RAB23-related AR RAB23 201000
NOS 34-0140 Carpenter syndrome, MEGF8-related AR MEGF8 614976
NOS 34-0150 Craniosynostosis, TCF12-related AD TCF12 615314  Frequently coronal craniosynostosis
NOS 34-0160 Craniosynostosis, SIX1-related AD SIX1 see Frequently sagittal and lambdoid synos-
601205 tosis. See also MIM 608389-Branchiootic
syndrome 3, and 605192- deafness,
autosomal dominant 23, for other SIX1-
related phenotypes
NOS 34-0170 Complex craniosynostosis, AD ERF 600775 Variants in ERF also cause Chitayat hyper-
ERF-related phalangism syndrome (Group 19)
NOS 34-0180 Non-syndromic midline (metopic / AD? SMADé6 617439 Rare SMAD6 variants and a common
sagittal) craniosynostosis, SMAD6-related BMP2 polymorphism may interact to pro-
duce craniosynostosis; subject disputed
NOS 34-0190 Non-syndromic midline craniosynostosis, AD RUNX2 Gain-of-function variants, duplications,
RUNX2-related triplications
NOS 34-0200 Structural brain anomalies with impaired AD zZIc1 618736
ID and craniosynostosis / craniosynostosis
type 6
NOS 34-0210 Craniosynostosis and dental anomalies AR ILT1RA 614188
(CRSDA), IL11RA-related
NOS 34-0220 Craniosynostosis, retained deciduous AR IL6ST see Single case reported, with preserved
teeth and intellectual disability, 600694 LIF signaling. See Stiive-Wiedemann
IL6ST-related syndrome, IL6ST-related (above, group
24) as well as IL6ST-MIM 600694 for other
phenotypes associated with IL6ST
NOS 34-0230 Cutis laxa with craniosynostosis, short AR LTBP1 619451
stature, brachydactyly, and syndactyly,
LTBP1-related
NOS 34-0240 Bohring-Opitz syndrome, AD ASXLT 605039
ASXL1-related
NOS 34-0250 Craniosynostosis, radiohumeral fusion AR CYP26B1 614416 CYP26B1 is a retinoid acid-degrading
and other skeletal defects, enzyme, pathogenesis involves retinoic
CYP26B1-related acid-associated morphogenesis
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NOS 34-0260 Cardiac, facial and digital anomalies AD TRAF7 618164 Multistructure craniosynostosis is one of
with developmental delay (CAFDADD), the features
TRAF7-related

NOS 34-0270 Craniosynostosis, hypertrichosis, pro- AD SLC25A24 612289
geroid appearance, bone dysplasia,
characteristic face (Fontaine progeroid
syndrome, Gorlin-Chaudhry-Moss syndro-
me), SLC25A24-related

NOS 34-0280 Curry-Jones syndrome, SMO-related MOS SMO 601707 Activating variant ¢.1234C>T (p.L412F)

NOS 34-0290 3MC syndrome, MASP1-related AR MASP1 257920 Craniosynostosis in 20%-30%

NOS 34-0300 3MC syndrome, COLEC11-related AR COLECT1 265050 Craniosynostosis in 20%-30%

NOS 34-0310 3MC syndrome, COLEC10-related AR COLEC10 248340 Craniosynostosis in 20%-30%

NOS 34-0320 Weiss-Kruszka syndrome, AD ZNF462 618619 Metopic ridging or CSO (metopic, lam-
ZNF462-related bdoid, 9/24)

NOS 34-0330 Au-Kline syndrome, HNRNPK-related AD HNRNPK 616580 Craniosynostosis and vertebral anomalies

in a significant proportion of cases

NOS 34-0340 Char syndrome, TFAP2B-related AD TFAP2B 169100 Mainly with loss-of-function variants

NOS 34-0350 Syndrome with developmental and AD BCL11B 618092 Craniosynostosis in some affected
speech delay, dysmorphic facies, craniosy- individuals
nostosis and T-cell abnormalities
Craniosynostosis is not rare and may have a non-genetic pathogenesis in many cases. It can also occur secondarily in any
form of rickets. Conditions in which craniosynostosis is an occasional feature have not been included. See also: cranioec-
todermal dysplasia (several types in the ciliopathy group); SEMD, RSPRY1-related; osteocraniostenosis, FAM111A-related;
Osteogenesis imperfecta with craniosynostosis (Cole-Carpenter syndrome), P4HB-related; CDAGS syndrome, RNU12-related;
syndactyly (Lueken type, with or without craniosynostosis), IHH-related; and Multiple synostoses syndrome, FGF9-related.
Craniosynostosis can also be present in Loeys-Dietz syndromes, Meier-Gorlin syndrome, CDC45-related and GINS2-related;
Hypophosphatasia, ALPL-related; Hypophosphatemic rickets, PHEX-related; Greig cephalopolysyndactyly syndrome,
GLI3-related; and others.

Group 35 Craniofacial dysostoses

NOS 35-0010 Mandibulofacial dysostosis, TCOF1-related AD TCOF1 154500
(Treacher- Collins, Franceschetti-Klein)

NOS 35-0020 Mandibulofacial dysostosis, POLR1B- AD POLR1B 618939
related (Treacher Collins, Franceschetti-

Klein)

NOS 35-0030 Mandibulofacial dysostosis, POLR1C- AR POLRIC 248390
related (Treacher-Collins, Franceschetti-
Klein)

NOS 35-0040 Mandibulofacial dysostosis, POLR1D- AD, AR POLR1D 613717
related (Treacher-Collins, Franceschetti-
Klein)

NOS 35-0050 Mandibulofacial dysostosis with limb AD POLR1A 616462 The original description was “acrofacial
deficiencies, POLR1A-related (Cincinnati dysostosis: a mandibulofacial dysostosis
type) with limb anomalies”. The limb anomalies

are variable

NOS 35-0060 Mandibulofacial dysostosis with micro- ~ AD EFTUD2 610536
cephaly, EFTUD2-related (Guion-Almeida
type)

NOS 35-0070 Mandibulofacial dysostosis with AD EDNRA 616367
alopecia, EDNRA-related

NOS 35-0080 Burns-McKeown syndrome, AR TXNL4A 608572 Some pathogenic variants are in the pro-
TXNL4A-related moter region; severity is variable
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NOS 35-0090 Postaxial acrofacial dysostosis, AR DHODH 263750
DHODH-related (Miller syndrome)
NOS 35-0100 Acrofacial dysostosis, SF3B4-related AD, AR SF3B4 154400, Both monoallelic and biallelic variants
(Nager syndrome) 201170 are at the basis of a spectrum that also
includes the former “Rodriguez type” of
acrofacial dysostosis
NOS 35-0110 Agnathia-Otocephaly complex, AD, AR PRRX1 202650
PRRX1-related
NOS 35-0120 Frontonasal dysplasia, ALX3-related AR ALX3 136760
NOS 35-0130 Frontonasal dysplasia, ALX4-related AR ALX4 613451
NOS 35-0140 Frontonasal dysplasia, ALX1-related AR ALX1 613456
NOS 35-0150 Frontonasal dysplasia, SIX2-related AD SIX2 See
604994
NOS 35-0160 Frontonasal dysplasia with additional AD TWIST1 617746 Results from specific amino acid substitu-
malformations (Sweeney-Cox syndrome), tions in TWIST1
TWIST1-related
NOS 35-0170 Craniofrontonasal syndrome, XL EFNB1 304110
EFN1B-related
NOS 35-0180 Acromelic frontonasal dysostosis, AD ZSWIMé6 603671
ZSWIM6-related
NOS 35-0190 Richieri-Costa-Pereira syndrome, AR EIF4A3 268305
EIF4A3-related
NOS 35-0200 Auriculocondylar syndrome, AD GNAI3 602483
GNAI3-related (type 1)
NOS 35-0210 Auriculocondylar syndrome, AR, AD PLCB4 614669
PLCB4-related (type 2)
NOS 35-0220 Auriculocondylar syndrome, AR EDN1 615706
EDN1-related (type 3)
NOS 35-0230 Orofaciodigital syndrome type I, XL OFD1 311200
OFD1-related
NOS 35-0240 Weyers acrofacial (acrodental) AD EVC1 193530 See also Group 10
dysostosis, EVC1-related
NOS 35-0250 Weyers acrofacial (acrodental) AD Eve2 193530 See also Group 10
dysostosis, EVC2-related
NOS 35-0260 Teebi hypertelorism syndrome, AD SPECCITL 145420
SPECCIL-related
NOS 35-0270 Craniolenticulosutural dysplasia, AR, AD SEC23A 607812 Monoallelic and biallelic inheritance
SEC23A-related observed
NOS 35-0280 Faciogenital dysplasia, FGD1-related XL FGD1 305400
(Aarskog-Scott syndrome)
NOS 35-0290 Baraitser-Winter syndrome, AD ACTB 243310
ACTB-related
NOS 35-0300 Baraitser-Winter syndrome, AD ACTG1 614583
ACTG1-related
NOS 35-0310 Cerebrofaciothoracic dysplasia, AR T™MCO1 213980
TMCO1-related
NOS 35-0320 Opitz GBBB syndrome, MID1-related XL MID1 300000
NOS 35-0330 Arhinia microphthalmia syndrome, AD SMCHD1 603457
SMCHD1-related (Bosma)
NOS 35-0340 Acrofrontofacionasal dysostosis AR 201180
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NOS 35-0350 Hemifacial microsomia SP, AD 164210 Includes Goldenhar syndrome and
Oculo-Auriculo-Vertebral spectrum;
genetically heterogeneous; SF3B2 hap-
loinsufficiency identified in ~3% of spo-
radic and ~25% of familial cases; in some
cases a microduplication on 14qg23.1

See also orofaciodigital syndrome type 4 (Mohr-Majewski), TCTN3-related; Endocrine-cerebro-osteo dysplasia (ECO),
CILK1-related; the Cerebro-Costo-Mandibular syndrome, SNRPB-related (group 36, below); and Robinow syndrome (see
variants in Group 15)

Group 36 Vertebral and costal dysostoses

NOS 36-0010 Currarino syndrome, MNX1-related AD MNX1 176450 Possible clinical overlap with caudal
regression syndrome (see MIM 600145;
the role of heterozygous variants in
VANGL1 remains to be confirmed)

NOS 36-0020 Spondylocostal dysostosis, AR DLL3 277300 Possible role of CNVs in TBX6 in modula-

DLL3-related ting the phenotype?
NOS 36-0030 Spondylocostal dysostosis, AR MESP2 608681
MESP2-related

NOS 36-0040 Spondylocostal dysostosis, AR LFNG 609813
LFNG-related

NOS 36-0050 Spondylocostal dysostosis, AR HES7 613686
HES7-related

NOS 36-0060 Spondylocostal dysostosis, AR, AD TBX6 122600 Possible role of CNVs in TBX6
TBX6-related

NOS 36-0070 Spondylocostal dysostosis, AR RIPPLY2 616566
RIPPLY2-related

NOS 36-0080 Vertebral segmentation defect (conge-  AD MESP2 608681
nital scoliosis) with variable penetrance,
MESP2-related

NOS 36-0090 Vertebral segmentation defect (conge- ~ AD HES7 613686
nital scoliosis) with variable penetrance,
HES7-related

NOS 36-0100 Short stature, cervical segmentation AR CDK10 617694
defects, and developmental delay,
CDK10-related

NOS 36-0110 Klippel-Feil syndrome, GDF6-related AD GDF6 118100 Role of GDF6 variants in Klippel-Feil syn-
drome as well as in AD spondylothoracic
dysostosis remains unclear

NOS 36-0120 Klippel-Feil syndrome, MEOX1-related AR MEOX1 214300

NOS 36-0130 Klippel-Feil syndrome, GDF3-related AD GDF3 613702

NOS 36-0140 Klippel-Feil syndrome, MYO18B-related AR MYO18B 616549

NOS 36-0150 Cervico-oculo-acoustic (Wildervanck) SP 314600 Congenital perceptive deafness, Klippel-

syndrome Feil anomaly (see 118100), and abducens
palsy with retractio bulbi

NOS 36-0160 Cerebro-costo-mandibular syndrome (rib  AD SNRPB 117650

gap syndrome), SNRPB-related
NOS 36-0170 Cerebro-costo-mandibular-like AR coar 611209 Also known as CDG lig
syndrome, COG1-related
NOS 36-0180 Diaphanospondylodysostosis, AR BMPER 608022 Includes ischiospinal dysostosis, a term
BMPER-related that has been used for milder cases
NOS 36-0190 Spondylo-megaepiphyseal-metaphyseal AR NKX3-2 613330
dysplasia (SMMD), NKX3-2-related
97 | LOCOMOTOR SYSTEM vol. 30, 2023, No. 1/ POHYBOVE USTROJI, ro¢nik 30, 2023, ¢. 1



Group number/  Group/name of disorder Inheritance Gene MIM Notes
nr. of disorder or locus Nr.
NOS 36-0200 NAD deficiency syndrome, AR HAAO 617660 With associated cardiac, limb and renal
HAAO-related defects; VACTERL-like
NOS 36-0210 NAD deficiency syndrome, AR KYNU 617661 In some cases VACTERL-like
KYNU-related
NOS 36-0220 NAD deficiency syndrome, AR NADSYN1 618845 In some cases VACTERL-like
NADSYN1-related
NOS 36-0230 VATER/VACTERL association SP 192350
NOS 36-0240 VACTERL association with hydrocephalus XL FANCB 300514 FANCB-related Fanconi anemia may
(VACTERL-H), FANCB-related present in hemizygous males with the
VACTERL-hydrocephalus phenotype
NOS 36-0250 VACTERL association with hydrocephalus XL ZIc3 314390
(VACTERL-H), ZIC3-related
NOS 36-0260 Uniparental disomy, paternal, for chro-  SP 149327 608149 Imprinted genes at 14g32 may have
mosome 14 (UPD14; Kagami-Ogata arole in this complex phenotype with
syndrome) skeletal malformations such as “coat-
hanger ribs”
VACTERL is nowadays defined as a “Recurrent Constellation of Embryonic Malformations” (RCEM; see Adam et al, AJMG 2020)
without a single genetic basis. It may be mimicked by NAD deficiency syndrome, Fanconi anemia and others. The diagnosis is
supported by negative genetic analysis. See also spondylocarpotarsal synostosis syndrome, FLNB-related and RFLNA-related,
Robinow syndrome (variants in Group 15), and cerebrofaciothoracic dysplasia, TMCO1-related (Group 35)
Group 37 Patellar dysostoses
NOS 37-0010 Ischiopatellar dysplasia (small patella AD TBX4 147891 See MIM 601360-posterior amelia for the
syndrome), TBX4-related biallelic phenotype
NOS 37-0020 Nail-patella syndrome, LMX1B-related AD LMX1B 161200
NOS 37-0030 Genitopatellar syndrome, KAT6B-related  AD KAT6B 606170
See also Meier-Gorlin syndromes in the primordial dwarfism group (Group 21), and the pseudoachondroplasia/MED group
(Group 9) for conditions with patellar changes; see also ischio pubic-patellar dysplasia as mild expression of campomelic dys-
plasia, SOX9-related; RAPADILINO syndrome, RECQL4-related. Patellar hypoplasia is variably present in Clubfoot with or without
deficiency of long bones and/or mirror-image polydactyly, PITX1-related.
Group 38 Limb hypoplasia-reduction defects group
NOS 38-0010 Ulnar-mammary syndrome, TBX3-related AD TBX3 181450
NOS 38-0020 Holt-Oram syndrome, TBX5-related AD TBX5 142900
NOS 38-0030 Holt-Oram/Ulnar Mammary blended AD TBX3, TBX5 CNVs involving both TBX3 and TBX5 may
phenotype result in combined phenotype
NOS 38-0040 Posterior Amelia, TBX4-related AR TBX4 601360 See also ischiopatellar syndrome for the
monoallelic TBX4-related phenotype
NOS 38-0050 Cornelia de Lange syndrome, AD NIPBL 122470
NIPBL-related
NOS 38-0060 Cornelia de Lange syndrome, XL SMCIA 300590
SMC1A-related
NOS 38-0070 Cornelia de Lange syndrome, AD SMC3 610759
SMC3-related
NOS 38-0080 Cornelia de Lange syndrome, AD RAD21 614701
RAD21-related
NOS 38-0090 Cornelia de Lange syndrome, XL HDAC8 300882
HDAC8-related
NOS 38-0100 Thrombocytopenia-absent radius (TAR) AR RBMB8A 274000 Deletion and common SNP on other
syndrome, RBM8A-related allele that has regulatory function
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NOS 38-0110 Thrombocythemia with distal limb AD THPO 187950 Distal limb defects postulated as conse-
defects, THPO-related quence of vascular occlusions
NOS 38-0120 Okihiro syndrome (Duane syndrome AD SALL4 607323 Includes IVIC syndrome
with radial ray anomaly), SALL4-related
NOS 38-0130 Cousin syndrome, TBX15-related AR TBX15 260660
NOS 38-0140 Roberts syndrome, ESCO2-related AR ESCO2 268300
NOS 38-0150 Tibial hemimelia-polysyndactyly-tri- AD ZRS 188740 Monoallelic variants in ZRS, a limb-speci-
phalangeal thumb (Werner syndrome), fic enhancer of SHH that is located within
ZRS-related intron 5 of the LMBRT gene
NOS 38-0160 Clubfoot with or without deficiency of AD PITX1 119800 In some patients bilateral patellar hypo-
long bones and/or mirror-image poly- plasia (see Group 37)
dactyly, PITX1-related
NOS 38-0170 Acheiropodia, LMBR1-related AR LMBR1 200500 The Brazilian founder allele is deletion
spanning exon 4 of LMBR1 that probably
affects the activity of ZRS, the limb-speci-
fic enhancer of SHH. In a further patient,
biallelic deletion of exons 1 to 16 of
LMBR1, including the ZRS
NOS 38-0180 Engrailed-1 related dorsoventral syndro- AR ENT 619218 One single patient with a biallelic frame-
me (ENDOVES), limb-brain type shift variant described
NOS 38-0190 Engrailed-1 related dorsoventral syndro- AR MAENLI 619217 MAENLI is a IncRNA regulating ENT
me (ENDOVES), limb-only type expression
NOS 38-0200 Tetra-amelia, WNT3-related AR WNT3 273395
NOS 38-0210 Tetra-amelia, RSPO2-related AR RSPO2 618021
NOS 38-0220 Limb reduction syndrome, AR WNT7A 276820, Includes former Al-Awadi Raas-
WNT7A-related 228930 Rothschild limb-pelvis hypoplasia-aplasia
as well as Fuhrmann syndrome
NOS 38-0230 RAPADILINO syndrome, AR RECQL4 266280 See also Baller-Gerold syndrome, RECQL4-
RECQLA4-related related. See MIM 266280 for explanation
of the RAPADILINO acronym
NOS 38-0240 Rothmund-Thompson syndrome, AR RECQL4 268400
RECQLA4-related
NOS 38-0250 Rothmund-Thompson syndrome, AR ANAPCT 618625
ANAPC1-related
NOS 38-0260 Rothmund-Thompson syndrome, AR DNA2
DNA2-related
NOS 38-0270 Adams-Oliver syndrome (aplasia cutis AD ARHGAP31 100300
congenita and transverse limb defects),
ARHGAP31-related
NOS 38-0280 Adams-Oliver syndrome (aplasia cutis AR DOCK6 614219
congenita and transverse limb defects),
DOCK6-related
NOS 38-0290 Adams-Oliver syndrome (aplasia cutis AD RBPJ 614814
congenita and transverse limb defects),
RBPJ-related
NOS 38-0300 Adams-Oliver syndrome (aplasia cutis AR DLL4 616589
congenita and transverse limb defects),
DLL4-related
NOS 38-0310 Adams-Oliver syndrome (aplasia cutis AD EOGT 615297
congenita and transverse limb defects),
EOGT-related
99 | LOCOMOTOR SYSTEM vol. 30, 2023, No. 1/ POHYBOVE USTROJI, ro¢nik 30, 2023, ¢. 1



Group number/  Group/name of disorder Inheritance Gene MIM Notes

nr. of disorder or locus Nr.

NOS 38-0320 Adams-Oliver syndrome (aplasia cutis AD NOTCH1 616028

congenita and transverse limb defects),
NOTCH1-related
NOS 38-0330 B-cell immunodeficiency-limb anomaly- ~ AD TOP2B 609296 Also known as Hoffmann syndrome (see
-urogenital malformation syndrome MIM 609296)
(BILU syndrome), TOP2B-related
NOS 38-0340 Scapulo-iliac dysplasia (Kosenow AD 169550
syndrome)
NOS 38-0350 Hypoglossia-hypodactylia (Hanhart SP 103300
syndrome)

NOS 38-0360 Poland syndrome SP,AD 173800 Most commonly sporadic and probably
non-genetic; some familial cases repor-
ted but no specific gene identified so far

NOS 38-0370 Femoral facial syndrome (FFS) SP 134780 Some phenotypic overlap with FFU syn-
drome (below)

NOS 38-0380 Femur-fibula-ulna syndrome (FFU) SP 228200

NOS 38-0390 Fibular aplasia, tibial campomelia, and SP 246570

oligosyndactyly syndrome (FATCO)

NOS 38-0400 Tibial hemimelia (isolated) SP 275220 Possibly non-genetic etiology

NOS 38-0410 Sirenomelia SP Rare cases reported as associated with
monoallelic CDX2 variants with variable
expressivity

NOS 38-0420 Fanconi anemia AR (several) 227650 The complex genetic basis of Fanconi
anemia and its complementation groups
and loci is acknowledged but not further
listed in this Nosology; please refer to
MIM or to specialized reviews

There is overlap between this group and the split hand-foot malformation group. See also Baller-Gerold syndrome, RECQL4-
related; congenital hemidysplasia, ichthyosis, limb defects (CHILD) syndrome, NSDHL-related; as well as the mesomelic and
acromesomelic dysplasias groups (above). Some entities in this group (e.g. the Femoral-facial syndrome and the Femur-fibula-
ulna [FFU] syndromes) might be considered (RCEM; see the note to VACTERL in Group 36)

Group 39 Split hand/foot with and without other manifestations

NOS 39-0010 Ankyloblepharon-ectodermal AD TP63 106260 See other TP63-related disorders in this

dysplasia-cleft palate (AEC) group (below)

NOS 39-0020 Ectrodactyly-ectodermal dysplasia AD TP63 604292

cleft-palate syndrome Type 3 (EEC3)

NOS 39-0030 Ectrodactyly-ectodermal dysplasia-macu- AR CDH3 225280

lar dystrophy syndrome (EEM)

NOS 39-0040 Limb-mammary syndrome AD TP63 603543

(including ADULT syndrome)

NOS 39-0050 Split hand-foot malformation, AD TP63 605289

isolated form, type 4 (SHFM4)

NOS 39-0060 Split hand-foot malformation, AD DLX5 220600 Structural variations at locus; also regula-

isolated form, type 1 (SHFM1) tory variants affecting exons of DYNC1/1
that regulate DLX5; association with deaf-
ness in a single family may be coinciden-
tal; a recessive DLX5 syndrome may exist

NOS 39-0070 Split hand-foot malformation, AD DLX6 183600

isolated form, type 1 (SHFM1)
NOS 39-0080 Split hand-foot malformation, AD 10924 246560 Duplications at 1024 encompassing
isolated form, type 3 (SHFM3) LBX1, BTRC, POLL, DPCD and FBXW4
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NOS 39-0090 Split hand-foot malformation, AR WNT10B 225300
isolated form, type 6 (SHFM6)
NOS 39-0100 Split-foot malformation with AR ZAK 616890
mesoaxial polydactyly (SFMMP)
NOS 39-0110 Split-hand-foot malformation with or AD BHLHA9 612576 Duplications at 17p13.3 that include
without long bone deficiency (SHFLD), BHLHA9. Phenotypic penetrance is less
BHLHA9-related than 50% and shows markedly variable
expressivity; includes the so-called
Gollop- Wolfgang complex
NOS 39-0120 Hartsfield syndrome, FGFR1-related AD FGFR1 615465
NOS 39-0130 Split hand-foot malformation, AD EPS15L1 Structural variants (deletions) at this
EPS15L-related locus; one consanguineous family with
homozygous point variant in EPS15L1 but
inheritance still unclear
NOS 39-0140 Aplasia cutis congenita with ectrodactyly, AD UBA2 19913.11 deletions may also cause this
UBA2-related phenotype. In OMIM as “aplasia cutis
congenita with ectrodactyly skeletal syn-
drome” (a redundant name)
NOS 39-0150 Focal dermal hypoplasia (Goltz XLD PORCN 305600
Syndrome), PORCN-related
Group 40 Polydactyly-Syndactyly-Triphalangism group
NOS 40-0010 Preaxial polydactyly, SHH-related AD SHH 174400 Formerly preaxial polydactyly types 1
and 2 (with triphalangeal thumb); regu-
latory domain duplication of ZRS (limb
enhancer of SHH) variant or duplication
of ZRS (limb enhancer of SHH)
NOS 40-0020 Preaxial polydactyly, GLI1-related AR GLIT 174400
NOS 40-0030 Preaxial polydactyly, GLI3-related AD GLI3 174700
NOS 40-0040 Preaxial polydactyly type 3 (PPD3) AD 174600
NOS 40-0050 Mirror-image polydactyly of handsand ~ AD SHH 135750 Duplication of ZRS (limb enhancer
feet (Laurin- Sandrow syndrome), of SHH)
SHH-related
NOS 40-0060 Postaxial polydactyly, GLI1-related AR GLIT 618123
NOS 40-0070 Greig cephalopolysyndactyly AD GLI3 175700
syndrome, GLI3-related
NOS 40-0080 Pallister-Hall syndrome, GLI3-related AD GLI3 146510
NOS 40-0090 Hypothalamic hamartomas and AR SMO 241800
polydactyly (Pallister-Hall- like)
syndrome, SMO-related
NOS 40-0100 Culler-Jones syndrome, GLI2-related AD GLI2 615849 Hypopituitarism
NOS 40-0110 Synpolydactyly, FBLN1-related AD FBLN1 608180
NOS 40-0120 Synpolydactyly, HOXD13-related AD HOXD13 186000
NOS 40-0130 Postaxial polydactyly, isolated AR KIAA0825 618498
(type A10), KIAA0825-related
NOS 40-0140 Townes-Brocks syndrome, AD SALL1 107480
SALL1-related
NOS 40-0150 Lacrimo-auriculo-dento-digital AD FGFR2 149730
syndrome (LADD), FGFR2-related
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NOS 40-0160 Lacrimo-auriculo-dento-digital AD FGFR3 149730
syndrome (LADD), FGFR3-related
NOS 40-0170 Lacrimo-auriculo-dento-digital AD FGF10 149730
syndrome (LADD), FGF10-related
NOS 40-0180 Acrocallosal syndrome, KIF7-related AR KIF7 200990
NOS 40-0190 Acro-pectoral-vertebral dysplasia AD WNT6 102510 Structural variations of locus resulting in
(F-syndrome), WNT6-related ectopic activation of WNT6
NOS 40-0200 Cenani-Lenz syndactyly, AR LRP4 212780
LRP4-related
NOS 40-0210 Cenani-Lenz-like syndactyly, GREM/ AD GREM1, FMN1  see Monoallelic duplication of both GREM1
FMN1-related 212780 and FMNT loci (one individual)
NOS 40-0220 Oligosyndactyly, radio-ulnar synostosis, AR FMN1 Biallelic deletion of the FMNT gene (one
hearing loss and renal defects syndrome, individual)
FMN1-related
NOS 40-0230 Mesoaxial synostotic syndactyly with AD BHLHA9 609432
phalangeal reduction (Malik-Percin),
BHLHA9-related
NOS 40-0240 STAR syndrome (syndactyly of toes, tele- XLD FAM58A 300707 X-linked dominant (only affected females
canthus, anal and renal malformations), known, possibly lethal in males)
FAM58A-related
NOS 40-0250 Syndactyly type 1 (lll-V) AD 185900
NOS 40-0260 Syndactyly type 3 (IV-V), AD GJAT 186100
GJA1-related
NOS 40-0270 Syndactyly type 4 (I-V) Haas type, AD SHH 186200 Duplication of ZRS (limb enhancer of
SHH-related SHH)
NOS 40-0280 Syndactyly type 5 (Brachydactyly- AD HOXD13 186300,
Syndactyly syndrome; syndactyly 610713
with metacarpal and metarsal fusion),
HOXD13-related
NOS 40-0290 Syndactyly (Lueken type, with or without AD IHH 185900 Duplication of /HH and regulatory region
craniosynostosis), IHH-related on 2q35; includes syndactyly with cranio-
synostosis (Philadelphia type)
NOS 40-0300 Metacarpal 4-5 fusion, FGF16-related XLR FGF16 309630
NOS 40-0310 Syndactyly with microcephaly and AR CKAP2L 272440
mental retardation (Filippi syndrome),
CKAP2L-related
NOS 40-0320 Synpolydactyly plus syndrome, AR MAPKAPKS 619869 In OMIM as neurocardiofaciodigital
MAPKAPK5-related syndrome
Note: the Smith-Lemli-Opitz syndrome can present with polydactyly and/or syndactyly. The different variants of Meckel
syndrome can have polydactyly and are included under the ciliopathies (see there). The Bardet-Biedl syndromes may have
polydactyly as a secondary feature and have not been included in this neither in this group nor in the ciliopathies. See also
Clubfoot with or without deficiency of long bones and/or mirror-image polydactyly, PITX1-related. The entity called “Crossed
polysyndactyly” not included as unclear whether or not it is a distinct entity.
Group 41 Defects in joint formation and synostoses
NOS 41-0010 Multiple synostoses syndrome, AD NOG 186500, Includes: Stapes ankylosis with broad
NOG-related 186570 thumbs and toes, Tarsal-Carpal coalition
syndrome, proximal Symphalangism 1A;
see also Brachydactyly type B2,
NOG-related, in the brachydactyly group
NOS 41-0020 Multiple synostoses syndrome, AD GDF5 610017 See other GDF5-related disorders
GDF5-related
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Group number/  Group/name of disorder Inheritance Gene MIM Notes

nr. of disorder or locus Nr.

NOS 41-0030 Multiple synostoses syndrome, AD FGF9 612961
FGF9-related

NOS 41-0040 Multiple synostoses syndrome, AD GDF6 617898
GDF6-related

NOS 41-0050 Liebenberg syndrome, AD PITX1 186550 Structural variants encompassing the
PITX1-related H2AFY gene resulting in ectopic acti-

vation of PITX1 in upper limb
NOS 41-0060 Short stature, auditory atresia, mandibular AR GSC 602471

hypoplasia, skeletal abnormalities (SAMS)
syndrome, GSC-related

NOS 41-0070 Radio-ulnar synostosis with amegakaryo- AD HOXA11 605432
cytic thrombocytopenia, HOXA11-related
NOS 41-0080 Radio-ulnar synostosis with amegakaryo- AD MECOM 616738
cytic thrombocytopenia, MECOM-related
NOS 41-0090 Radio-ulnar synostosis with microcephaly 603438 X-linked recessive inheritance suggested

(Giuffré-Tsukahara syndrome)

See also Spondylocarpotarsal synostosis syndrome, FLNB-related and RFLNA-related; Cardiospondylocarpofacial syndrome,
MAP3K7-related; mesomelic dysplasia with acral synostoses (Verloes-David-Pfeiffer type); Baller-Gerold syndrome,
RECQL4-related; and Antley-Bixler syndrome, POR-related

Note: The numbering system (first column) includes “NOS” for “Nosology, skeletal’, followed by the
group number and the number of the disorder. The abbreviations are as follows: in the disorder
names, SED in spondylo- ephyseal dysplasia; SEMD is spondylo-epi-metaphyseal dysplasia; MED is
multiple epiphyseal dysplasia; CDP is chondrodysplasia punctata. In the “Inheritance” column: AD,
autosomal dominant; AR, autosomal recessive; XL, X-linked; MOS, somatic mosaicism; SP, sporadic
and inheritance unknown. Pseudo-AD and Pseudo-AR refers to genes in the pseudoautosomal regi-
ons of chromosome X and Y. The “MIM No.” column shows the MIM number of the disorder; when
the number is preceded by “see’, the MIM number is that of the underlying gene.

1. POJMENOVVI-'\NI' PROBLEMU A DYADICKY PRISTUP JAKO
CESTA VPRED

V letech 2010 az 2020 zaujala technologie masivniho paralelniho sekvenovani centraini misto
v genetickém vyzkumu a diagnostice. Mezi mnoho poznatkl ziskanych ze sekvenovani nové
generace (NGS) patii (1) velky pocet predtim nerozpoznanych vzacnych a velmi vzacnych nemoci
v kazdé oblasti genetické mediciny, (2) fenotypova heterogenita vyplyvajici z jediného lokusu je
mnohem vétsi, nez se drive pfedpokladalo, a (3) u mnoha dyadickych entit jsou jedinci, ktefi vyka-
zuji vSechna fenotypova kritéria popsand v ¢ldnku spise vyjimkou nez pravidlem.

Na tomto zakladé bylo navrzeno, ze fenotypovy popisny termin (deskriptor) genetické nemoci
(,ndzev” onemocnéni) jiz neni dostatecny k jednozna¢nému rozliseni. Kromé toho poradové ¢is-
lovani stav( se stejnym nazvem (jak se pouziva napf. pro osteogenesis imperfecta nebo ataxie
v Mendelian Inheritance in Man [MIM]) mUze byt nevyhovujici, protoZe ¢islo nemd zadnou vnitini
informaci a je proto nutné konzultovat piislusné odkazy. V dusledku toho bylo navrzeno, aby byl
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misto pfifazeni podle ¢isla (nebo eponymu, viz nize) hlavni fenotypovy deskriptor genetické poru-
chy propojen s nazvem odpovidajiciho genu, coz umozni ziskat piiméjsi a vystiznéjsi informace,
méné néachylné k nejednozna¢nostem a chybam: takzvany dyadicky pfistup (Biesecker et al., 2021).
Za zminku stoji, Zze prakopnikem dyadické koncepce byla redakce zndmého zdroje GeneReviews

pocinaje rokem 2020 (Dr. M. Adam, osobni sdéleni; a Biesecker et al., 2021).

Nozologie nebyla imunni vigci siteni ¢islovanych seznam, jako napfiklad u osteogenesis imperfecta
(Sillence & Rimoin, 1978; Sillence et al., 1979; Van Dijk & Sillence, 2014). V této revizi z roku 2023 se
kuratofi rozhodli pfijmout dyadicky pfistup k pojmenovanim, protoze umozniuje vétsi presnost jak
v klinice, tak v laboratofi. V nékterych pfipadech v3ak byly u¢inény kompromisy, aby byl zohlednén
historicky vyvoj Nozologie, jakoz i pro zachovani shody a interoperability s tim, co je povazovéano

2. THE MENDELIAN INHERITANCE IN MAN KATALOG
A NOZOLOGIE

Dilo zesnulého Victora McKusicka, MIM, zGstava i nadale nejvyznamnéjsi obecnou referenéni
databazi pro genetické poruchy. Zplsob, jakym byl MIM vytvoren a je stale spravovan, umoziuje
podrobnou dokumentaci historie kazdé nemoci. Ze stejného dlivodu je méné vhodny pro doku-
mentaci zmén, ke kterym dochazi v nozografii, napfiklad kdyz je jedna porucha podfazena pod
jinou; nékolik nemoci uvedenych v MIM bylo podfazeno pod jiné stavy v Nozologii, nebo nejsou
v Nozologii viibec uznavéany jako samostatné fenotypové jednotky (napf. mezomelickd dysplazie,
typ Camera; MIM 611886). MIM také hojné vyuzivd eponym k rozlideni ptibuznych, ale odlisnych
poruch (napf. nemoc Dyggve-Melchior-Clausen a Smith-McCort dysplazie); u jinych jsou eponymni
deskriptory pfilis podobné, coz vede k diagnostickym nejasnostem (napf. Shprintzen-Goldberg
a Goldberg-Shprintzen syndromy predstavuji odlisné poruchy). MIM volba téchto eponym nemusi
odrazet nejvyznamnéjsi piinos k vymezeni fenotypové jednotky. Pfijetim dyadického systému jsme
se rozhodli popsat kazdou nemoc nazvem genu, ktery je za ni zodpovédny, a nikoliv eponymem.
Zatimco MIM zustava centralni referencni databazi, dyadicky systém umoznuje Nozologii seskupo-
vat, shlukovat nebo vyfazovat poruchy na zakladé jejich molekuldrniho zékladu, zejména ve svétle
poznatkd z NGS (viz vyse) a je méné vazan historickymi omezenimi. Pfesto se kuratofi Nozologie
snazili o zachovani pevné vazby na MIM: ¢isla MIM jsou uvedena u vsech nemoci, pokud jsou k dis-
pozici, a pokud nejsou, uvadi se ¢islo MIM pro zodpovédny gen. Kromé toho jsou uvedeny odkazy
na MIM kédy jednotlivych nemoci stejné jako na dal3i nemoci MIM, vzniklé na zakladé patogennich
variant stejného genu.

3. ORPHANET NOMENKLATURA A NOZOLOGIE

V rdmci spolecné spoluprace mezi International Skeletal Dysplasia Society (ISDS), the European
Reference Network on Rare Bone Disorders (ERN-BOND) a siti Orphanet, kterou koordinuje Houda
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Ali (kuratorka sité Orphanet) a Geert Mortier (hlavni kurdtor Nosologie 2019) vyustila podrobna
analyza databéaze Orphanet v porovnani s Nozologii 2019 v seznam zhruba 248 fenotypovych
jednotek, které se vyskytovaly v databdazi Orphanet, ale chybély v Nozologii 2019. Pro zafazeni do
Nozologie 2023 musely mit nemoci rozpoznatelny fenotyp a jasny typ dédi¢nosti nebo molekularni
definici. Priblizné 30 z téchto nemoci spliovalo kritéria pro zafazeni a proto byly do Nozologie
zarazeny. Ostatni poruchy v tomto seznamu byly bud’ popséany v jediné praci bez molekularniho
potvrzeni, nebo predstavuji historické popisy s omezenym mnozstvim dostupnych informaci, coz
odrazi politiku Orphanetu, ktery se snazi reprezentovat viechny druhy poruch, které odpovidaji
definici vzacného onemocnéni kvili vyhodé pro jedince postizené ultravzacnymi projevy, pokud
predstavuji fenotypové jedine¢né diagndzy (Ref. https://www.orpha.net/orphacom/cahiers/docs/
GB/eproc_disease_inventory_R1_Nom_Dis_EP_04.pdf). Na druhou stranu se ukazalo, Ze mnoho
zdznamU v seznamu zifejmé nepfedstavuje odlisné fenotypové jednotky z hlediska soucasnych
poznatkd a kritérii Nozologie. To podnitilo revizni proces tymu sité Orphanet s cilem prezkoumani
a identifikaci zdznamd, které je tieba deaktivovat a nasledné odstranit z nomenklatury vzacnych
onemocnéni sité Orphanet.

4. NOZOLOGIE A CLINGEN INICIATIVA

Iniciativa ClinGen (https://clinicalgenome.org/affiliation/40065/) v soucasné dobé pracuje na sou-
boru genl spojenych s kosternimi nemocemi s cilem poskytnout silu diikazl pro asociace gen —
nemoc, s pouzitim pfisné ovérenych kritérii pro hodnoceni patogenity variant v genech, u nichz
byla zjisténa definitivni souvislost s onemocnénim. To jiz ucinila u jinych skupin genetickych poruch,
jako jsou kardiomyopatie a dalsi. Nékolik soucasnych kuratort Nozologie se na tomto Usili podili.
Nicméné samotny pocet gend, které zplsobuji konstitu¢ni nemoci kosterni soustavy je takovy,
Ze sekce ClinGen pro geny kostnich dysplazii bude vyzadovat ¢as, nez bude moci byt dokonce-
na. V této souvislosti zGstane Nozologie se svym seznamem ovéfenych genl a nemoci (i kdyz ne
v rozsahu stanoveném v iniciativé ClinGen) v dohledné dobé nejlepsim dostupnym zdrojem. Za
zminku stoji, ze pfistup ClinGen je mnohem vice ,fadny” nez Nozologie, a to do té miry, ze fenotypy
zpUsobené patogennimi variantami na jednom lokusu musi mit vyznamné kvalitativni rozdily, aby
bylo mozné je povazovat za samostatné nozologické polozky (fenotypové jednotky); pouhy kvan-
titativni rozdil (typicky vice ¢i méné zavazny projev) nestaci k oddvodnéni oddéleni. To nas mlze
vést k zamysleni nad tim, co predstavuje ,dysplazii” nebo ,syndrom”. Néktefi z nds také pfispéli
k vyvoji ,Nozologie vrozenych metabolickych vad” a nésledné ,Mezinarodni klasifikace dédi¢nych
metabolickych poruch” (ICIMD) (Ferreira et al., 2019, 2021). Tato nozologie aplikuje zdsadu ,jeden
na kosterni nemoci. Naptiklad déti postizené metylmalonovou acidémii mohou mit rdizné koncent-
race metylmalonové kyseliny v moci, ale budou povaZzovany za pacienty se stejnou poruchou (MIM
251000). Bylo by obtiznéjsi tvrdit, ze plod s achondrogenezi typu 1B (MIM 600972) a dité s recesivni
mnohocetnou epifyzarni dysplazii (MIM 226900) maji stejnou poruchu, i kdyZ odpovédny gen je
stejny a fenotypy predstavuji opacné konce tize v rdmci stejného spektra, protoze morfologické
znaky a klinickd prognoéza jsou tak radikélné odlisné.
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5.ZMENY VE SROVNANi S PREDCHOZiMI REVIZEMI

Nékteré zmény ve struktufe Nozologie si zaslouzi zminku. Celkovy pocet skupin se snizil ze 42 na
a ,Aggrecan” byly za¢lenény do nové skupiny ,Proteoglycan core protein disorders” a dfivéjsi sku-
piny ,Neonatalni osteosklerotické dysplazie” a ,Jiné sklerotické kostni nemoci” byly slouceny do
skupiny (neosteopetrotickych) ,Osteosklerotickych nemoci”. Do sou¢asné Nozologie byla pfidéna
nova skupina ,SkeletaIni poruchy signaliza¢ni kaskady parathormonu”. Dvé skupiny brachydaktylif
(izolované nebo jako soucast syndrom(; nyni skupiny 18 a 19) byly shledany jako lépe organicky
umistény hned za akromezomelickou a akromelickou skupinou (skupiny 16 a 17). Nékolik skupin
bylo pfejmenovano. Skupina ,Osteopetréza a pfibuzné nemoci” se nyni jmenuje ,Osteopetréza
a ptibuzné nemoci osteoklastd’, aby se zdUraznila skutecnost, Ze osteopetrézy predstavuji poruchy
poctu nebo funkce osteoklast(. ,Osteogenesis Imperfecta a skupina snizené kostni denzity” byla
pfejmenovana na,Osteogenesis Imperfecta a skupina fragility kosti’, aby se zohlednila skutecnost,
Ze fragilita skeletu je charakteristickym znakem téchto poruch bez ohledu na minerdini denzitu (pro-
toze mala podskupina pacientl s osteogenesis imperfecta mdze mit vysokou kostni hmotu). Nazev
skupiny ,Syndromy nadmérného (vysokého) vzrlstu s postizenim skeletu” byl zménén na vystiz-
néjsi,,Syndromy nadmérného (vysokého) vzristu a segmentalniho prerlistani”. Skupina,Syndromy
s kraniosynostézou” byla prejmenovéna na ,Syndromy, jejichz soucasti je kraniosynostéza“, nebot
ackoli poruchy v této skupiné ¢asto zahrnuji kraniosynostézu, tento nalez nepredstavuje vzdy nejvy-
letdlnich projevd)” na ,lzolované brachydaktylie”; ,Brachydaktylie (s extraskeletdlnimi projevy)”
na ,Brachydaktylie jako soucast syndromi”; ,Ciliopatie s velkymi zménami skeletu” na ,SkeletaIni
nemoci zplsobené abnormalitami cilii a cilidrni signalizace”; ,Skupina abnormalni mineralizace”
na ,Poruchy mineralizace kosti”; a ,Ektrodaktylie s a bez jinych projev(” na ,Rozstépenad ruka/noha
s jinymi projevy a bez nich” Nékteré poruchy byly prefazeny. Napfiklad trichorinophalangeélni
dysplazie typu 1/3 byla presunuta ze skupiny ,Akromelickych dysplazii“ do skupiny ,Brachydaktylie
jako soucast syndrom0"”. Celkovy pocet nemoci se zvysil ze 461 na 771 a pocet genl ze 437 na 552.
Prestoze jsme si védomi problém spojenych s ¢iselnymi seznamy (jak je uvedeno vyse), zaradili
jsme systém cislovani véetné zkratky ,NOS” (pro,Nosology, skeletal”), &islo skupiny a pofadové ¢islo
v ramci skupiny, pficemz jsme dbali na to, aby byly ponechédny mezery, které by mohly umoznit
v budoucnu zaradit dalsi poruchy. Takovy systém Ccislovani by se mohl ukézat jako uzite¢ny pfi kii-
zovém odkazovani s MIM, Orphanet a s dalSimi databdzemi.

6. JAKA JE UZITECNOST NOZOLOGIE?

Od svych prvnich revizi je Nozologie uzite¢nd pro pediatry, genetiky, radiology a dalsi odborniky
jako pomlcka diferencialni diagnostiky. Jeji ptivodni struktura skupin nemoci s podobnymi radio-
logickymi rysy odrézela diagnosticky pfistup klinického genetika a jesté vice radiologa k steochon-
drodysplaziim. V pribéhu let po zafazeni brachydaktylii, kraniosynostéz, kraniofacialnich dysostoz,
syndaktylii, redukci koncetin a dalSich dysostéz jakoZ i primordidlniho malého vzristu a syndromt
s nadmérnym rlstem, roz3ifily jeji pouzitelnost pro diferencialni diagnostiku v ramci téchto skupin
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nemoci. Revize z roku 2010 uvadi, ze ,Cilem je poskytnout genetické, pediatrické a radiologické
komunité seznam genetickych nemoci skeletu, ktery mize byt napomocny pii diagnostice konkrét-
nich pfipadd, pii vymezeni novych poruch a pfi budovani most mezi klinickymi lékafi a védci, ktefi
se zajimaji o skeletalni biologii. Nozologie by méla byt uzite¢na pro diagnostiku pacientli s gene-
tickymi onemocnénimi skeletu, zejména s ohledem na ocekdvanou zéplavu informaci spojenou
s novymi technologiemi sekvenovani; pfi vymezovani klinickych jednotek a novych nemoci tim,
Ze poskytuje prehled o zavedenych nozologickych jednotkach; a pro védce, ktefi hledaji klinické
korelaty gend, proteind a drah zapojenych do biologie skeletu” O tfinact let pozdéji mize mit
Nozologie dalsi Ulohu v molekularné - genetickém diagnostickém testovani. V predtestové fazi
muze Nozologie informovat o tom, které geny zafadit do diagnostického panelu pfipraveného na
miru pro konkrétni klinickou situaci. Souc¢asné diagnostické pracovni postupy ¢asto zahrnuji ovére-
ni vérohodnosti variant nalezenych v panelu nebo exomu (reverzni fenotypizace). Rovnéz v ramci
posttestové faze mlze byt Nozologie uzite¢nd pro rychlou referenci a orientaci.

Nozologie je také ilustraci slozitosti lidského genomu, o ¢emz svéd¢i obrovské mnozstvi gent
a genovych produktl potfebnych pro normalni vyvoj a rdst kostry. PfiloZzena tabulka s vice nez
750 polozkami je se svymi fadky a sloupci jako hudebni partitura pro orchestr vyvoje a rlistu kostry,
kterd mize byt inspiraci pro genetiky a védce v zékladnim vyzkumu. Mozna pravé hybridni povaha
Nozologie, kterd kombinuje klinickd, rentgenologickd a molekuldrni kritéria, je silnou strankou,
nikoli slabinou, protoze umozruje koleglim z rliznych obor( pfistup k udajim. Je jasné, ze zadna
nozologie v mediciné neni dokonala ani Uplna. Jsou vzdy dynamické a vyvijeji se. Nicméné casté
citace predchozich verzi Nozologie naznacuji, Ze navzdory mnoha kompromisdm, které byly nutné
pti jeji ptipravé, se Nozologie stala pro lékafskou a védeckou komunitu uZite¢nd a Siroce pfijatd. Diky
neustdlému pokroku ve vymezovani genetickych stavd zac¢ind Nozologie zastardvat v okamziku,
kdy je publikovana. At se tato novd verze setka se stejné benevolentnim pfijetim a at je také ¢asem
nahrazena novymi a UpInéjsimi verzemi.
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ABSTRACT

The aim of the work is a paleopathological study of skeletal remains from the o™ century discovered
in 1961 at the Pannonian Avar burial ground of Terehegy-Marfa in today’s Hungary and deposited
by the Jannus Pannonius Museum (JPM) in Pécs.

At the Terehegy-Marfa, Pannonian Avar’s burial site, a collection of 10 individuals was paleopatholo-
gically examined: 3 males (M); 2 females (F); 3 children (CH); 2 unidentified individual (N). No injuries
were found in this collection.

Workload was found in 2 instances out of 10 (20%) with maximum strain of the skeletons on the
spine spondylolysis (M aged 20-29 in grave 2 and F, aged 20-30, in grave 5).

Congenital anomalies occurred in the form of ossa suturaria, dental anomalies and assymetry of
mandibular condyles.

Anaemia in the form of cribra orbitalia was discovered in 4 cases out of 10 individuals (40%) in graves
1,2,5 and 8 and in all the instances it was of type 2. Scurvy, vitamin C deficiency, was recognized in
4 cases out of 10 (40%) in graves 2,4,6,7, through cribra formations on the palate and the sphenoid
bone of the skull.

Dental disabilities occurred in 5 cases out of 10 (50%), usually it was tooth loss in life due to periodonti-
tis. Infections occurred in 4 cases out of 10 (40%), in the form of meningitis (grave no.1, M? and grave
no 8, CH infans I(to 7 years), periostitis and tooth abscess.
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In terms of pathology, congenital anomalies and dental diseases prevailed (50%) in the collection
followed by anemia, scurvy and nonspecific infections.

An exceptional find in terms of social relations and ethnology was placement of a cow bell, probably
used as a rattle, with the child (infans I) in grave no. 4.

Key words: Avars, congenital anomalies, plagiocephaly, meningitis, Central Europe

INTRODUCTION

In 1961, Jozsef Bosnydk, a resident of Marfa, discovered a grave while digging a carcass pit. The post-
man, Jozsef Varga, from Pécs, took the objects found in this grave to the Janus Pannonius Museum
(JPM).

The rescue excavation was carried out by Attila Kiss between September 3 and 15", 1962.

The archaeological finds were registered under inv. no. 62.181 1-57 in the catalogue of the
Archaeological Department. Skeletal material was registered under inv. no. 69.5 1-10 in the anthro-

§ I‘ ;?1‘._ i T J oy .
Figure 1: Terehegy N45,8561873 E18,1947984. Access to the road to the A
villages of Marfa and Terehegy (November 2022).

o -

cemetery from the road between the
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pological collection. The horse skeleton discovered in grave no. 6 was presented in the Magyar
Agricultural Museum as it was recovered in situ (8). The burial site is situated on a low hill on the
border between the villages of Marfa and Terehegy, about 1100 m southeast of Marfa and Terehegy
(fig. 1). It is likely that the excavated graves belonged to a much larger burial site.

The aim of this work was a paleopathological study of skeletal remains from the o™ century dis-
covered in 1961 at the Pannonian Avar burial ground of Terehegy-Marfa in today’s Hungary and
deposited by the Jannus Pannonius Museum (JPM) in Pécs.

METHODS

The basis of the paleopathological study was the standard determination of sex and classification
of individuals into individual age categories (19; 5). Paleopathological findings were assessed main-
ly according to the criteria of Steinbock, Campillo (18, 4), Ortner and Putschar (14, 15), Vyhnanek
(19), Horackova, Strouhal and Vargova (7), Smrcka et al. (17) and Lewis (10). The basic investigative
methods of paleopathological diagnosis were mainly detailed macroscopic study.

Figure 2: Meningitis in grave no. 1
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Figure 3: Tooth loss in life, grave no. 2.

RESULTS

Paleopathological Analysis

In grave no. 1 (inv. no. 69.6.1) a man of unknown age was buried. His skull is in fragments. In the left
orbit, there are type 2 cribra orbitalia. The right orbit has not been preserved just like the right part
of the mandible. The interior of the skull in the frontal region is flaking, there is suspected periostitis
on the bone fragments inside the skull. There is green colouration in the occipital region due to Cu
ions. There is striated periostitis on the left side of the mandible. The man suffered from suspected
anaemia(cribra orbitalia) and the cause of his death could have been meningitis (central arrow show-
ing flaking parts, under right not preserved orbit - fig. 2). The bone material of the axial skeleton
was in fragments. Two types of arrowheads were found in the grave, trilateral, characteristic for the
late Avar period.

In grave no. 2 (inv. no. 696.2) a man, aged 20-29, was buried. His skull is well-preserved including
the lower jaw. There are intra sutural bones in the lambdoid suture on the right and in the sagittal
suture. There was an abscess of the incisor in the maxilla and tooth loss occurred during his life from
the 1 premolar. In the lower jaw, tooth loss in life also occurred from the premolars (fig. 3).
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Figure 4: Dental calculus in grave no. 3

At the same time, in the lower jaw there is asym-
metry of the caput mandibulae, greater on the
right, smaller on the left, though only partially
preserved. On the skull there are porotic sig-
natures of scurvy, vitamin C deficiency, in the
foramen jugulare region, on the mandible and
fossa pterygoidea.

In the axial skeleton, spondylosis was found on
the spine, with a maximum in the lumbar spine,
where osteophytes reach up to 4 mm. On the
surface of vertebral bodies of the four thoracic
vertebrae there are defects indicative of disabili-
ty, that are probably caused by nucleus pulposus.
This finding is typical of Scheuermann’s morbus.

In grave no. 3 (inv. no. 69.6.3), askeleton of
unknown sex and age and with a skull in frag-
ments was found. There was calculus on the teeth
(fig. 4). The axial skeleton is also in fragments.

Figure 5: Signs of scurvy in the infratemporal fossa, grave no. 4.
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Figure 6.1: Rotation of the cuspid, grave no. 5 (F; aged 20-30)
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Figure 6.2: Dental caries in the right M1, grave no. 5

In grave no. 4 (inv. no. 69.6.4) a child, infans | (to 7 years), was buried. It had suffered from suspected
scurvy, vitamin C deficiency. Signs of scurvy were identified as cribra formations affecting almost the
entire bony portion of the right half of the palate as well as the infratemporal fossa (fig. 5).

An iron cow bell was found near the child in grave no. 4, a unique find among Avar period finds. At
the Terehegy burial site it was found near a child’s skeleton and its role could have been the same
as rattles in children’s graves.

F. Mora’s (4) ethnographic data show that parents were informed of where their child was playing by
the sound of the rattles the child carried, and thus were aware of the child’s movements. When the
child died, the bell was placed in his grave.

In grave no. 5 (inv. no. 69.6.5), a woman, aged 20-30, whose skull and lower jaw have been pre-
served, was found. In both orbital roofs there is cribra orbitalia, type 2 bilaterally. The woman suf-
fered from suspected anaemia. There is a congenital anomaly in the maxillary teeth, a rotated right
cuspid (fig. 6.1). A large caries was found on the first right molar (M1) in the mandible (fig. 6.2) There
is periostitis on the anterior part of the mandible on the right (on level with the M1 with caries). There
is spondylosis on the axial skeleton in the lumbar spine. It is also found on the sacrum. In both cases
with osteophytes of up to 7 mm in size.
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Figure 9: Dental caries in the premolars in grave no. 9

In grave no. 6 (inv. no. 69.6.6) there is a skull of a man aged 20-40. The skull is in fragmentary
condition. In the lower jaw, there are exposed tooth necks with thickened alveolar margins, due
to periodontitis. In the upper jaw, there are signs of suspected scurvy manifested as palatal cribra,
exposure of tooth necks and alveolar margins. In the maxilla, there is a congenital dental defect
on the left M2, cusp of Carabelli (fig. 7). In the grave, next to the man, there also was a skeleton of
a horse (1.5 - 2-year-old tarpan-taku crossbreed, according to S. Bokonyi in Kiss 1977), with stirrups
and a bridle bit. The horse skeleton lay on the left side of the man in the same orientation. The top
part of a spearhead of a type belonging to the Late Avar period was also discovered in the grave.

In grave no. 7 (inv. no. 69.6. 7) a child, infans | (to 7 years), was inhumed whose orbits have not been
preserved. The child’s fragmentary skull shows signs of scurvy, manifested by palatal cribra (fig. 8)
mainly on the side of the oral cavity, less so from the nasal cavity and also loss of the front teeth of
the upper jaw.

In grave no. 8 (inv. no. 69.6.8) there also is a child, infans | (to 7 years), with type 2 cribra orbitalia in
the right orbit. The child suffered from suspected anaemia, but concomitant intracranial lesions on
the frontal and parietal bones are indicative of meningitis.

In grave no. 9 (inv. no. 69.6.9) there was an individual of unknown sex and age with dental caries on
the premolars from the mesial aspect (fig. 9).
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Figure 10: Posterior plagiocephaly in grave no. 10 (F, aged 40-60)

In grave no. 10 (inv. no. 69.6.) there was woman, aged 40-60, with darkened sutures on a pentago-
nal skull with right posterior plagiocephaly (fig. 10). The deformity may have originated as a posi-
tional, postural plagiocephaly in infancy, but it cannot be ruled out that the deformity may have
been caused by lying the skull in a moist, mycotic and acidic environment.
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At the burial site of Terehegy-Marfa, 10 individuals were found — 3 males (M), 2 females (F), 3 children
(CH) and 2 unidentified individuals (N). No injuries were found in this collection. In terms of work-
load, it appears that in this collection spine was predominantly affected (13).

Spondylosis occurred in 2 individuals out of 10 (20%) (M aged 20-29 in grave 2 and F, aged 20-30,
in grave 5).

Congenital anomalies were discovered in 5 cases out of 10 (50%). These congenital defects mostly
affected the skull, with intra sutural bones (ossa suturaria), asymmetry of mandibular condyles and
tooth anomaly (2, 3). In grave 10 (F, aged 40-60) right posterior plagiocephaly was discovered.
However, it cannot be excluded that the deformity may have been caused by lying the skull in
a moist, mycotic and acidic environment.

In grave 2 (M, aged 20-29) intra sutural bones with asymmetrical condyles were found. In terms of
dental anomalies, there was a congenital rotation of a cuspid in grave 5 (F, aged 20-30) and cusp of
Carabelliin grave no. 6 (M, aged 20-40) (10).

Anaemia in the form of cribra orbitalia (11) was discovered in 4 instances out of 10 (40%) - in
Terehegy graves 1, 2, 5, and 8. In all the instances it was of type 2.

Scurvy, vitamin C deficiency, identified as cribra formation was found in 4 cases out of 10 (40%) - in
Terehegy graves 2, 4, 6, and 7. Some form of tooth disease was discovered in 5 instances out of 10
(50%) such as tooth loss in life (grave no. 2, M 20-29), dental calculus (grave no. 3, N?), dental caries
(grave no. 5, F 20-30, and grave no. 9, N?) and periodontitis (grave no. 6, M 20-40). Infections were
found in 4 cases out of 10 (40%) in the form of meningitis (grave no. 1; M?, and grave no. 8, CH
infans I). There also was periostitis (grave no. 5, F 20-30) and a tooth abscess (grave no. 2, M 20-29).

In terms of bone pathology, congenital anomalies and dental diseases prevailed (50%) in the
Terehegy collection followed by anaemia, scurvy and nonspecific infections.

An exceptional find in terms of social relations and ethnology was the placement of a cow bell,
probably used as a rattle, with the child (infans I) in grave no. 4 (12).

DISCUSSION

Trauma

We did not find any injuries in the skeletal assemblage in Terehegy-Marfa. But we found in another
Avar burial site in the nearby Pécsvarad, from the o century, so far from a paleopathological point
of view unpublished.
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At the Pécsvérad burial site, a collection of 27 individuals was paleopathologically examined:
9 males (M); 10 females (F); 7 children (CH); 1 unidentified individual (N), together with the bone
remains of several animals (horse and sheep).

Traumas occurred in 3 cases out of 27 (11.1%). In grave no. 1 it was (F 14-20-year-old) an execution,
interpersonal violence, inflicted with the blunt part of a war axe by a right-handed horseman.

Congenital anomalies

Plagiocephaly was found in Terehegy, not congenital, but probably postural formed in childhood. In
Pécsvarad, scaphocephaly was found from cranisynostoses.

Regarding Terehegy’s right-sided posterior plagiocephaly, we can assume that it is a consequence
of laterality, which leads to the so-called malpositioned skull deformity in early infancy. However,
we cannot exclude that the deformity may have been caused by the storage of the skull in a moist,
mycotic and acidic environment.

At the Pécsvérad, occurred in 9 cases congenital anomalies out of 27 (33.3%), in the form of cra-
niosynostoses, intra sutural bones in the cranial sutures, dental anomalies and vertebral fusions. In
grave no. 4, a 40-60-year-old male had a boat-shaped skull, scafocephaly. In grave no. 11, a female,
aged 14-20, had a congenital fusion of thoracic vertebrae caused by ossification of the anterior liga-
ments of the vertebral bodies. In children, girls in graves no. 21 (4-7-year-old) and no. 28 (7-14-year-
old), intrasutural bones were present.

Infections

The same infections were not found in Terehegy. In contrast, we found in Pécsvarad brucellosis,
transmitted by goats, their milk and milk products. In Pécsvarad skeletons of horses and goats were
found among the animals, but only horses in Terehegy. Brucellosis was also found in the Austrian
Avar cemetery of Vésendorf (13). Brucellosis was associated with the expansion of goat herds and
milk production (6). Infections at the Pécsvarad occurred in 5 cases out of 27 (18.5%). In one instance
out of 27 (3.7%) it was brucellosis (grave no. 5; M 40-60-year-old) (1, 15) and one instance was men-
ingitis (grave no. 24; CH 7-14-year-old).

Anemia (cribra orbitalia)
Anemia manifesting as cribra orbitalia is usually attributed to iron deficiency (11, 10). Its occurrence
in Terehegy and Pécsvérad was high. We found anemia (cribra orbitalia) also in the Avar burial site in

the nearby Pécsvarad, from the 9" century, in 12 out of 27 individuals (44.4%).

Laszlo Orolyia (2018) anthropologically analyzed individuals from the Kélked-Feketekapu with
681 graves. KSlked-Feketekapu Avar Age site can be dated from the last decade of the 6" century
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to mid-8" century. Anthropological analysis has identified moderately preserved skeletal remains of
466 individuals, of which 150 were infants.

The frequency of cribra orbitalia was highest between 2-6,5 years” (9). Laszlo found porotic type
with 84 individuals (54,9%), cribrotic with 48 individuals (31,4%) and trabecular with 21 individuals
(13,7%) (9).

CONCLUSION

The original pathological findings on the o century Avar skeletal remains of 10 individuals from
Terehega-Marfa provide insight into the congenital skull and spinal defects, defects and dental
diseases that were common in this period and locality, as well as diseases caused by non-specific
infections, vitamin deficiencies and malnutrition.

In terms of bone pathology, congenital anomalies and dental diseases predominated in the cohort
(50%), followed by anaemia, scurvy and non-specific infections.

An exceptional finding in terms of social relations and ethnology was the deposition of a cowbell,
probably used as a rattle, on a child (Infans I) in grave 1.
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SUMMARY

The authors summarize the findings of Congenital contractual arachnodactyly (Beals-Hecht syn-
drome) and present clinical, radiographic and molecular genetic findings and results of surgical
therapy and rehabilitation in a Czech girl followed interdisciplinarily (orthopedic and plastic sur-
geon, cardiologist, anthropologist, osteologist, geneticist and physiotherapist) from 3 years of age
to adulthood.

The diagnosis of severe congenital contractural arachnodactyly was established after birth on the
basis of clinical-genetic examination at the Pediatric Clinic of the University Hospital Hradec Kralove.
Associated anomalies of the cardiovascular, respiratory, digestive, urogenital, nervous systems, etc.
were excluded.

The current molecular genetic analysis of blood and bone tissue samples of the patient revealed
the same pathogenic intronic variant ¢.3724+2T>C (rs863223570) in the FBN2 gene in heterozygous
state, which is causative in our patient. The inheritance of the identified mutation is autosomal
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dominant. This case report extends the clinical experience and molecular genetic findings of Beals-
Hecht syndrome.

Keywords: Beals-Hecht syndrome, clinical findings, radiological characteristics, treatment, molecu-
lar genetic testing - blood and bone, pathogenic intronic variant of the FBN2 gene.

INTRODUCTION

Beals-Hecht syndrome, known as congenital contractural arachnodactyly (CCA), is a rare autosomal
dominant congenital connective tissue disorder. CCA is classified as group 31 “Overgrowth (high
growth) and segmental overgrowth syndromes”along with Marfan syndrome, etc., according to the
NOSOLOGY OF GENETIC BONE DISORDERS: 2023 REVISION (23).

Synonyms are used in the literature: Beals syndrome; Beals-Hecht syndrome (1, 10); Arachnodactyly,
contractile Beals type; multiple contractures with arachnodactyly; ear anomalies-contracture-bone
dysplasia with kyphoscoliosis; distal arthrogryposis type 9.

Clinical findings

Tall, slender Marfanoid habitus; arm span exceeds height; long, slender fingers and toes with arach-
nodactyly and contractures of proximal interphalangeal joints (PIP), ulnar deviation of fingers; flex-
ion contractures involving mainly large joints (elbow, knee joints with subluxation of the patella);
metatarsus varus; joint stiffness and muscle hypoplasia. Contractures are present in all affected
children at birth, may be mild and tend to improve with time, but almost always present with per-
manently bent fingers and toes (camptodactyly) (5, 22, 14).

Beals-Hecht syndrome is caused by a defect in fibrillin as in Marfan syndrome (MFS). While MFS is
caused by pathogenic variants (i.e. mutations) in FBNT gene, Beals-Hechte syndrome is caused by
pathogenic variants in FBN2 gene. Although the clinical features can be similar to Marfan syndrome
(MFS), differences between the two syndromes exist. The characteristic feature is the crumbled
appearance of anthelix, which in most cases distinguishes CCA from MFS. On the other hand,
patients with CCA do not typically have serious ocular and cardiovascular complications seen in
MFS. However, some more severe forms of CCA are associated with cardiovascular (e.g. interrupted
aortic arch, atrial or ventricular septal defects, aortic root dilatation) and/or gastrointestinal anoma-
lies (e.g. duodenal or esophageal atresia). Ectopia lentis is very rare in CCA, but general ocular com-
plications are estimated to be present in 20% of patients with CCA.

In addition, CCA is often associated with short neck and kyphoscoliosis, which often worsens gradu-
ally and may require surgical treatment (22, 3, 8,9, 17, 14, 19).

The frequency of CCA in population is unknown, the number of patients reported has increased fol-
lowing the identification of FBN2 mutation. To date about 70 cases with CCA have been described (2).
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Radiological features

Gracile bones, mild osteopenia, slight bowing of the long bones, elongation of the proximal pha-
langes of the fingers and toes, vertebral malformations, hypoplastic tibia and bowing of fibula can
be observed.

Inheritance

Inheritance is autosomal dominant (AD). The penetrance for CCA is likely up to 100% with variable
expression. CCA is linked to the gene encoding the protein fibrillin 2 on chromosome 5g23-31 (24,
25, 22). Parental somatic and germline mosaicism have been observed in families with affected sib-
lings with CCA (22). New data suggests that severe CCA can be also inherited in an autosomal-reces-
sive manner by compound heterozygosity of a hypomorphic and a null allele of the FBN2 gene (13).

Differential diagnosis

Infantile Marfan syndrome, homocystinuria, various arthrogryposis syndromes including lethal
congenital contracture syndrome (AR) and fetal akinesia syndrome.

CASE REPORT

A female newborn (b.w. 3530 g, b.l. 56 cm) was hospitalized at the Children’s Clinic of the University
Hospital in Hradec Krdlové for limb contractures (flexion contractures of hip, knee and elbow joints,
contractures of fingers with ulnar deviation of the A fingers of both hands, pedes equinovari
bil. and digiti mallei) and facial changes (brachycephalic skull, asymmetrical nose deviated to the
right, asymmetrical nostrils, abnormal auricles, very long limbs and chest).

Clinical-genetic and laboratory examinations did not reveal associated systemic defects. USG
examination of the heart, brain and abdomen, ocular and neurological examination were normal.
Diagnosis of Beals-Hecht syndrome i.e. congenital contractural arachnodactyly (CCA) or arachno-
dactyly syndrome with contractures, severe form, was made according to above mentioned clini-
cal signs. Since both parents were healthy, de novo mutation (or gonadal mosaicism in one of the
parents) was presumed.

Treatment

Since birth, orthopaedic (plaster redress bandages, splints, braces) and rehabilitation treatment of
equinovarus contractures and flexion contractures of upper and lower extremities was performed.
Residual deformities and contractures were an indication for surgical treatment already in toddler-
hood (MUDr. J. Charvat, PhD in Novy Bydzov): At 20 months of age, tenotomy of m. rectus femoris
bil. and prolongation of hamstrings bil. were done. At the age of 2.5 years, osteotomy of metatarsus
.-V pedis |. dx. was performed. At the same time, osteotomy correctiva calcanei l. sin. propter varo-
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Fig. 1a, b. 3 years. Flexion contractures of the fingers of both hands: contractures in the PIP joints around 110° a. dor-
sal view of the hands; b. volar view.

sity of the heel and tenotomy m. abductoris hallucis I. sin. and also resectio phalangis proximalis
digiti Il. pedis I. sin.

From the age of 3 years she was followed up at the Centre for Defects of Locomotor Apparatus in
Prague for flexion contractures of the fingers of both hands - see Fig. 1a, b (770° contracture in the
PIP joints with passive extension only up to 90° - so-called tenodesis effect). At the age of 3 years and
2 months, surgical treatment of the 395" fingers of the right hand was performed (exstirpatio
tendines m. digitorum superficialis manus and partial dissection of the collateral ligaments of the
PIP joints with transplantation of skin defects).

At 3 years and 8 months, the same procedure was performed on the pARA fingers of the left hand
- see Fig. 2a, b.

Fig. 2a, b. 3 years 2 months. a. left hand just before surgery — passive extension only up to 90° (so-called tenodesis
effect); b. result of surgery of the right hand performed 6 months ago.
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Fig. 3a-d. 7 years. Phenotype: hyperbrachycephaly, large fore-
head; short neck; long upper and lower limbs; arachnodactyly and
relatively shorter trunk. a, b. around 20 degree flexion contractu- .
res of the elbow, knee and hip joints; c. lordoscoliosis; d. normal 3

squat; b, d. crumbled appearance of anthelix. -

Figures 3a-d show the phenotype of a seven-year-old girl with CCA. The asthenic girl with low
weight was walking slightly forward with her knees bent and her legs rotated inwards. Figures
4a-d, X rays show gracile skeleton.
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Fig. 4a-d. X-rays of graciel skeleton: a. 11 years - left hand -long and thin
fingers; b. 25 years - pelvis in standing — coxa valga anteverta, shortening of
the left lower limb by 3 cm;

Osteological examination at 7 and 12 years showed normal markers of calciophosphate metabolism.
Markers of bone turnover were within the normal range of age-matched controls.

DXA densitometry (pediatric SW) — lumbar spine (L1-L4) at 5 years confirmed lower bone density
(Z-score: -1.3), at 6.5 years density was normal (Z-score: -0.5). At 12 years L1-L4 (Z-score -1,0), but
after correction to the height Z-score was -1,63. At 13 years DXA densitometry: Whole body - Z-score
total: -1.9; lumbar spine — Z-score total: -0.4; right hip - Z-score total: -0.9; left hip — Z-score total: -1.1.

Conclusion: bone density during growth period was lower.

The mid- and long-term results of hand surgery are shown in the Fig. 5a-e.

At 7 years, medial metatarsal arthrotomy | and basal metatarsal osteotomy II-VI. sin. were per-
formed to correct the metatarsus varus deformity. The foot deformities are shown in Fig. 6a-c. The

result of the performed left foot surgery is shown in Fig. 6d-f.

At the age of 10 years she underwent surgery of flexor contracture of the 35" toe of the right foot
(tenotomy of m. flexoris digitorum profundus).
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Fig. 4a-d. X-rays of gracile skeleton: c. 17 years - knee — AP projection: genus valgum |. sin., d. left knee - lateral
projection - patella alta - is also seen in c.

At 12 years, based on clinical and anthropological evaluation and bone age, bilateral ventral drilling
hemiepiphyseodesis of the distal femoral physis was performed to address 20° flexion contracture.

At 12.5 years, medial drilling hemiepiphysiodesis of the distal left femoral physis was indicated to
address knee valgosity. Soon after ventral epiphysiodesis, however, the growth of the lower limbs
stopped and the expected correction did not occur.

The outcome of irreversible ventral bilateral hemi-epiphysiodesis and medial hemiepihysiodesis of
the distal physis of the left femur was continuously evaluated clinically, radiologically, and anthro-
pologically. The result is documented in Fig. 7a-d.

At 17 years of age, a wedge osteotomy of the tibia (10°) and external rotation of the tibia (10°) was
indicated due to persistent valgus in the proximal 1/3 of the left tibia and internal torsion. However,

the planned procedure was not performed until the patient was 24 years old due to her studies.

The growth of the proband was regularly monitored by an anthropologist - see Fig. 10 a, b.
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Fig. 5a-c. Mid-term results of hand surgery after 4 years. 3. e i

At the age of 7 years (Fig. 3) the girl was tall (body height 130 cm - 90t percentile) with marked dis-
proportion between trunk and limbs. Similar to Marfan syndrome, the shoulders were narrow and
the pelvis was relatively wide, and arachnodactyly was present. However, during childhood before
the onset of puberty, growth slowed slightly and the final height of 171 cm (72. percentile) is within
the limits of hereditary growth potential. At the same time, during growth period, we observed
a spontaneous alleviation of Marfanoid disproportions. (Fig. 10c). The age at menarche of 12.6 years
was consistent with healthy peers. However, bone age appeared to be delayed by 0.5-1.5 years in
the long term. Bone age assessment may have been biased (underestimated) by slender skeletal
built, and thus the calculation of remaining growth was overestimated. Therefore, epiphyseodesis
did not lead to the expected correction of the left knee valgosity.

At 23 years of age (Fig. 8), she reached a height of 171 cm, and a sitting height of 89.5 cm indicated
relatively longer lower limbs, but within the norm. Arm span was 179.5 cm. BMI of 20.3 was normal
for age.
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After the last surgery, the girl was followed by an orthopaedic surgeon for a year due to delayed

healing of the osteotomy.

The typical phenotype and X-rays before and after the last surgery are documented in the images -

see Fig. 7d, 8a-c and Fig. 9a-d.

Proband is still followed up by an orthopedic and plastic surgeon, a cardiologist (aortic root dilata-
tion) and an osteologist on an outpatient basis. Rehabilitation is focused on static scoliosis of the
spine due to a 3 cm shortening of the left lower limb. The correction of the lower limb discrepancy

is solved with special shoe inserts.

Besides above mentioned skeletal abnormalities clinical-genetic examination at the age of 23.5 years
revealed crumbled ears brachycephalic skull, backward running forehead, face (right eyebrow higher
than the left one) and tip nose asymmetry (see Fig. 8¢, d), teeth crowding and relatively short neck.
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Fig. 6a-c. Foot deformities, podograms and radio-
graphs: 7 years metatarsus varus |. sin. before
surgery — 20 degrees of adduction of the forefoot,
long and thin toes, hypermobile 2™ toe on the
left foot. On the right foot, 2" toe crossed big toe,

which is in valgus position
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Fig. 6d-f. 17 yrs. Result of the surgery performed on the left foot after 10 years: d. deformity of the foot; e. podograms;
f. radiographs after 7 years.

133 | LOCOMOTOR SYSTEM vol. 30, 2023, No. 1/ POHYBOVE USTROJI, ro¢nik 30, 2023, €. 1



i ! EEiEE
e BEEREENERHERRE !

i
i
i
1
1

il

S
I I 1t
HEREE !

Fig. 7. 15.5 years. a—c. lower limbs supine: a. 10-degree flexion contracture of the knee and hip joints; b. 15.5 years
and c. 23.5 years - valgus of the left knee around 15 degrees (inner ankle deviates from the vertical by 5 cm).
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Molecular genetic analysis

Recent molecular genetic analysis performed from
patient’s blood revealed pathogenic intronic
variant ¢.3724+2T>C (rs863223570) of the FBN2
gene (intron 28) in the heterozygous state. This
mutation destroys the canonical splice donor site
and is predicted to cause abnormal gene splic-
ing. The mutation is predicted to lead to either
an abnormal protein or no protein product. This
mutation has already been reported in genetic
| databases as pathogenic variant (6). Genetic
| [l testing was performed by massive parallel
|1 sequencing using clinical exome panel followed
by Sanger sequencing. Since pathogenic vari-
ants in the FBN2 gene are associated with Beals-
4 . Hecht syndrome, we consider intronic variant
X i | ¢.3724+2T>C in FBN2 gene in the heterozygous
-7 state as causal in our patient. The inheritance of
identified mutation is autosomal dominant.

i : 8 Subsequently, abone tissue sample from the
eS| 1 Eagd i diaphysis of the tibia was tested using Sanger

O } Sl sequencing. The same pathogenic intronic vari-
\ ant ¢.3724+2T>C (rs863223570) in the FBN2
gene was confirmed in a heterozygous state, as
expected.

N

Fig. 7. 15.5 yeafé. d. 23.5 years -
the left tibia.

DISCUSSION

The main differential diagnosis is Marfan syndrome (MFS), namely its neonatal form. These disorders
of the connective tissue share numerous common characteristics, such as a so-called marfanoid
appearance constituted by tall, slender, asthenic appearance and skeletal features such as arachno-
dactyly, dolichostenomelia, pectus deformities, and kyphoscoliosis (7, 9). The overlap in the clinical
features has a molecular basis; CCA and MFS result from mutations in two homologous genes, FBN2
and FBN1, respectively (9, 25, 22, 17).

Fibrillins are large (350 kDa) cysteine-rich glycoproteins that assemble into beaded structures in the
extracellular matrix (ECM) of connective tissues (19). These molecules play a key role in microfibril
formation especially in elastic but also in non-elastic tissues (20, 11, 22).
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Fig. 8a-b. Phenotype before the last operation at 23.5 years: long upper and lower limbs; shortening of the left lower
limb; lordoscoliosis of the lumbar spine; valgosity of the left knee; arachnodactyly; relatively shorter trunk; crumbled
appearance of anthelix.
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Figure 8¢, d. c. crumbled anthelix of ear, backward running forehead; d. tip nose asymmetry, right eyebrow higher
than the left one

Fibrillin microfibrils provide mechanical and functional support to human cells, tissues, and organs.
In elastic tissues (lungs, blood vessels, skin, and ligaments) microfibrils serve as a scaffold for elas-
tin deposition and modification during elastic fiber formation. In nonelastic tissues (ciliary zonule
and cornea, tendon, perichondrium, and renal glomerulus) microfibrils provide tensile strength
(19). Mutations affecting the structure, assembly and stability of FBN microfibrils have been associ-
ated with impaired biomechanical tissue properties (20).

In addition to the structural role, equally important is the role of microfibrils in the control of cell sig-
nalling pathways through storage and activation of growth factors, including TGF-3, bone morpho-
genic proteins (BMPs), and growth differentiating factors (GDFs). Interacting with other components
of ECM, fibrillin networks regulates bioavailability of growth factors, ECM formation, cell behaviour
and the immune response, and thus play a crucial role in development and homeostasis of tissues,
including bone (12, 21, 19, 16, 15, 4, 20). Altered TGF-B signalling is a major contributor to the
pathology of fibrillinopaties (11, 18). Schematic representation of the role of fibrillin in the regulation
of the TGF-f signalling pathway is shown in Figure 11. Loeys-Dietz syndrome caused by mutations
in the TGFBR1/2, SMAD3, SMAD2, TGFB2 and TGFB3 genes also exibits a Marfan-like phenotype (15).

The fibrillin proteins are encoded by three genes, that is, FBNT (chromosome 15q15-21.3), FBN2
(chromosome 5g23-31), and FBN3 (chromosome 19p13.3-13.2), and have a highly conserved
domain architecture (19). Fibrillin 3 is the least important. It is absent in some mammals and is
not known to be associated with any disease in humans. Fibrillin-1 and 2 are expressed in the
developing and mature tissues in a spatial and temporal-specific manner. Already at the time of
the discovery of fibrillin 2 gene, Zhang pointed to preferential accumulation of the gene product
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Fig. 9a, b. X-rays of the knee joints and left tibia at 17 years: valgus in the proximal 1/3 of the tibia;

in elastic fiber-rich matrices (25). Research in recent years has shown that FBN2 makes up the inner
core of microfibrils which are surrounded by abundant fibrillin-1. Fibrillin 2 plays an important role
in embryonic development, while fibrillin-1 provides the major structural force bearing support in
many tissues and organs. Postnatally, fibrillin 2 synthesis is reduced and fibrillin1 expression domi-
nates (18, 16, 22). Differential transcription of the fibrillin genes largely explains the differences in
the clinical course of MFS and CCA. CCA manifests itself at birth, but during childhood the signs of
the disease (with the exception of scoliosis) usually do not progress. Contractures tend to improve
with time, and in our patient we have demonstrated a reduction in disproportion (Fig. 10c).

MFS-causing variants are spread across the FBNT gene, and the most severe ,neonatal” forms are
most often caused by variants between exons 25-33 encoding TB3-cbEGF18). Most CCA-causing
variants cluster between exon 23 and exon 34 (cbEGF10-cbEGF20) of FBN2 which roughly cor-
responds to the “neonatal” region of FBNT (8, 11, 14). However, pathological variants resulting in
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Fig. 9¢, d. Result of wedge osteotomy and external rotation of the left tibia performed at 25 years (1 year after surge-
ry). See good healing - remodeling of the tibial osteotomy and fibula and correction of the tibia in both the frontal
and sagittal planes (where the goal was also correction of residual flexion contracture of the left knee joint at the
tibial osteotomy site).
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Fig. 10a. Growth curve.

haploinsufficiency of the gene or splice-site alterations and abnormal mRNA have been described,
as in our patient (19).

Disturbed TGF-f signalling can also have the opposite phenotypic effect - short stature, brachydac-
tyly, heart valve thickening. In case of fibrillin 1, this is geleophysic dysplasia, acromicric dysplasia,
Weill-Marchesani syndrome and Stiff skin syndrome. Acromelic dysplasia is also known for fibrillin 2.
Nearly all these “acromelic” variants cluster within the TB4-TB5 region (transforming growth factor
beta binding-like domains). To date, the pathophysiological mechanisms underlying these contrast-
ing clinical syndromes remain largely unknown (19).

It cannot be excluded that other variants of the fibrillin2 gene with different phenotypes will be
found. While loss of fibrillin1 is lethal at birth, fibrillin2 null mice have syndactyly (11) and osteope-
nia (18, 15).
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Since the symptoms in CCA can be very variable and formal diagnostic criteria for CCA have not
been established, molecular genetic testing plays a key role in differential diagnosis CCA, MFS and
arthrogryposes.

CONCLUSION

The authors present the clinical, anthropological, radiological and molecular genetic findings of
CCA (Beals-Hecht syndrome) in a proband followed from 3 years to adulthood and the results of
orthopaedic (conservative and surgical) and complex rehabilitation treatment.

The diagnosis was made after birth on the basis of clinical and genetic examination. Associated
diseases were excluded.

Recent molecular genetic analysis performed from the patient’s blood and also from a bone tissue
sample revealed the same pathogenic intronic variant ¢.3724+2T>C (rs863223570) in the FBN2 gene
in a heterozygous state, which is causative in our patient. The inheritance of the identified mutation
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Fig. 10c. Morphogram showing the disproportion between trunk and limbs. Note the decreasing difference between
SDS of sitting height and subischial leg length.

is autosomal dominant. Each child of our patient has a 50% chance of inheriting the FBN2 patho-
genic variant. Prenatal testing or preimplantation genetic testing of embryos is possible to prevent
CCA in the patient’s future offsprings. The decision to undergo this procedures is up to the patient
and her partner based on genetic counselling.

The patient continues to be followed by an orthopaedic and plastic surgeon, cardiologist and oste-
ologist. Although no complications related to pregnancy or delivery have been reported in women
with CCA, cardiac surveillance during pregnancy is recommended. This case report adds to the clini-
cal and molecular genetic knowledge of Beals-Hecht syndrome.
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Fig. 11. Schematic figure representing growth factor sequestration by fibrilllin network. ADAMTSL - a disintegrin-like
and metalloprotease with thrombospondin type 1 motif TGF-b transforming growth factor b, LTBP - latent TGF-f bin-
ding protein, BMPs - bone morphogenetic proteins, GDF — growth and differentiation factors, TGFBR - TGF-f3 receptor,
BMPR - BMP receptor, SMAD - transcription factor, SKI - gene named after Sloan-Kettering Institute. Fibrillin network
fragmentation leads to an uncontrolled TGF-B release (according to 20, 15).
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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.
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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 poskytnuti 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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